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Abstract

Hagstrom, P. 2006. Biomass Potential for Heat, Electricity and Vehicle Fuel in Sweden.
Doctoral dissertation.

The main objective of this thesis was to determine how far a biomass quantity, equal to the
potential produced within the Swedish borders, could cover the present energy needs in
Sweden with respect to economic and ecological circumstances. Three scenarios were
studied where the available biomass was converted to heat, electricity and vehicle fuel.
Three different amounts of biomass supply were studied for each scenario: 1) potential
biomass amounts derived from forestry, non-forest land, forest industry and community; 2)
the same amounts as in Case 1, plus the potential biomass amounts derived from
agriculture; 3) the same amounts as in Case 1, plus 50% of the potential pulpwood quantity.

For evaluating the economic and ecological circumstances of using biomass in the
Swedish energy system, the scenarios were complemented with energy, cost and emergy
analysis.

The scenarios indicated that it may be possible to produce 170.2 PJ (47.3 TWh) per year
of electricity from the biomass amounts in Case 2. From the same amount of biomass, the
maximum annual production of hydrogen was 241.5 PJ (67.1 TWh) per year or 197.2 PJ
(54.8 TWh) per year of methanol.

The energy analysis showed that the ratio of energy output to energy input for large-scale
applications ranged from 1.9 at electric power generation by gasification of straw to 40 at
district heating generation by combustion of recovered wood. The cost of electricity at
gasification ranged from 7.95 to 22.58 €/GJ. The cost of vehicle work generated by using
hydrogen produced from forestry biomass in novel fuel cells was economically competitive
compared to today’s propulsion systems. However, the cost of vehicle work generated by
using methanol produced from forestry biomass in combustion engines was rather higher
compared to use of petrol in petrol engines.

The emergy analysis indicated that the only biomass assortment studied with a larger
emergy flow from the local environment, in relation to the emergy flow invested from
society after conversion, was fuel wood from non-forest land. However, even use of this
biomass assortment for production of heat, electricity or vehicle fuels had smaller yields of
emergy output in relation to emergy invested from society compared to alternative
conversion processes; thus, the net contribution of emergy generated to the economy was
smaller compared to these alternative conversion processes.

Key words: bioenergy potential, biomass potential, cost analysis, emergy, energy analysis,
energy scenarios, systems analysis, thermochemical conversion.
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Table A.I-1 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

Environmental inputs

I Item ¢ 124.51 x 10" sej/t,
Inputs fed back from society (i.e. purchased)
F1 Itemd-k 7.53 x 10% sej/t,
F2 Item1- o 12.11 x 10" sej/t,
F3 Itemp-s 10.16 x 10" sej/t,
F4 Ttemt-w 17.24 x 10" sej/t,
Solar emergy yields of products
Y1 Standing biomass 132.03 x 10" sej/t, .
Y2 Harvested biomass in field 144.14 x 10" sej/t,
Y3 Harvested biomass at truck road 154.30 x 10" sej/t,
Y4 Harvested biomass in wood yard at industry 171.54 x 10" sej/t, .
Solar transformities
(a) Standing biomass 6317 sej/]
(b) Harvested biomass in field 6897 sej/]
(¢) Harvested biomass at truck road 7383 sej/l
(d) Harvested biomass in wood yard at industry 8208 sej/J
Net solar emergy yield ratio
1. Standing biomass =Y1/F1 17.54
II. Harvested biomass in field = Y2 / (F1+F2) 7.34
II1. Harvested biomass at truck road = Y3 / (F1+F2+F3) 5.18
IV. Harvested biomass in wood yard at industry = Y4 / (F1+F2+F3+F4) 3.65
Solar emergy investment ratio
I. Standing biomass =F1/1 0.06
II. Harvested biomass in field = (F1+F2) /1 0.16
III. Harvested biomass at truck road = (F1+F2+F3) /1 0.24
IV. Harvested biomass in wood yard at industry = (F1+F2+F3+F4) / 1 0.38

Footnotes to Table A.I-1

I

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).
Y, The tree biomass production was assumed as 85% of the tree biomass production after

[= Ve

silvicultural inputs. The tree biomass production after silvicultural inputs = 5.92 x 10'°
J/(ha x year) (see Y ). The tree biomass production = 0.85 x 5.92 x 10" J/(ha x year) =
5.03 x 10'° J/(ha x year)

Solar emergy = solar emergy of transpired rain = 352.44 x 10'? sej/(ha x year). Annual
biomass growth per hectare = 2.831 t, /ha (see Table A.B-2). Thus, solar emergy = 352.44
x 10'2/2.831 sej/t, =124.51 sej/t, .

Solar transformity = 352.44 x 10"/ 5.03 x10'* sej/J = 7009 sej/J.

Silvicultural inputs:

The average percentage of the annual final felling area being planted was 76% during
1998 to 2002 (National Board of Forestry, 2004). In this work, the percentage of the
annual final felling area being planted was assumed as 80%. The number of plants ranged
from 2000 to 2500 ha! between 1998 and 2002 (National Board of Forestry, 2004). In
this work, the number of plants was assumed to be 2650 ha™' (including 6% of the plants
being supplemented). Number of plants per hectare of forest land and year = 2650 x 0.80
x222.3x10°/21.84x 10°ha' x year' =21.58 ha'' x year.

Total solar emergy required per 1000 seedlings = 8.15 x 10" sej (see Tabl A.J-1). Thus,
total solar emergy required per plant (i.e. solar transformity) = 8.15 x 10 se;j.

The amount of embodied energy = 2059.25 MJ/1000 seedlings (see Table A.J-1). The
amount of embodied energy per hectare of total forest land area =2059.25 /1000 x 21.58
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MlJ/ha = 44.44 MJ/ha. Annual biomass growth per hectare = 2.831 t, /ha (see Table A.B-
2). Thus, the amount of embodied energy per ton of dry matter received = 44.44 / 2.831
MJ/it, = 15.70 Mk, .

Normal amount of spread nitrogen = 150 kg/ha (National Board of Forestry, 2002). The
average annual fertilized area within the Swedish large-scale forestry was 20,460 ha/year
between 1998 and 2002 (National Board of Forestry, 2004). Thus, the fertilized area was
assumed as 20,000 ha/year. Thus, the annual amount of spread nitrogen per total forest
area = 150 x 20,000 / (21.84 x 10°) kg/ha = 0.137 kg/ha. Solar transformity for nitrogen
in nitrogen fertilizer = 4.60 x 10'? sej/kg (Odum, 1996).

The amount of embodied energy in nitrogen fertilizer = 48 MJ/kg (Borjesson, 1996).
Thus, the amount of embodied energy in nitrogen fertilizer used per ton of dry matter of
biomass received = 0.137 x 48 / 2.831 MI/t, =233 M/t .

Total active substance of pesticides in 2002 = 22,200 kg (National Board of Forestry,
2004). The energy content was assumed as equal to the LHV of refined fuels from crude
oil. LHV of automotive petrol = 32.6 GJ/m* (Swedish Energy Agency, 2003a). Density
of automotive petrol = 750 kg/m? (The Swedish Petroleum Institute, 9-Oct-2005 (URL)).
LHYV of automotive petrol per weight = 32.6 x 10° / 0.750 J/t = 4.35 x 10" J/t. LHV of
automotive gas oil (environmental class 1 and 2) = 9.80 MWh/m? = 9.80 x 3.60 GJ/m’ =
35.3 GJ/m®. Density of automotive gas oil (environmental classes 1 and 2) = 815 kg/m?
(The Swedish Petroleum Institute, 9-Oct-2005 (URL)). Lower heating value of automo-
tive gas oil (environmental classes 1 and 2) per weight = 35.3 x 10° / 0.815 J/t =4.33 x
10! J/t. The LHV of imported refined fuels was assumed to be equal to the mean value
of the LHVs of automotive petrol and automotive gas oil (environmental classes 1 and
2), i.e. 4.34 x 10" J/t. Thus, the energy amount of pesticides per total forest area = 22,200
x 4.34 x 107 / (21.84 x 10°) kg/ha = 4.41 x 10* J/ha. Solar transformity for pesticides =
66,000 sej/J (Doherty, Nilsson & Odum, 2002).

The amount of embodied energy in pesticides used per ton of dry matter of biomass
received =4.41 x 10*/2.831 J/t, =1.56x 10*J/t, =0.02 MJA, .

Total amount of annual fuel use per hectare at cleaning, scarification, planting, sawing,
precommercial thinning, fertilization and ash recirculation = (53.46 x 55,000 + 886.94 x
195,624 +283.13 x 177,840 + 53.46 x 222,300 + 363.49 x 20,000 + 583.38 x 217,600) x
10°/21.84 x 10° J/ha = 17.1 MJ/ha (see Table A.J-2).

The sum of mass depreciation of machinery used at scarification, fertilization, ash recir-
culation, forest drainage and construction and maintenance of forest roads = (0.436 x
195,624 + 0.193 x 20,000 + 0.193 x 217,600 + 7.76 x 10° + 5.36 x 10°) / 21.84 x 10°
kg/(ha x year) = 0.031 kg/(ha x year) (see Table A.J-2). Solar transformity for machine
equipment was assumed as equal to the solar transformity of forwarders, i.e. 2.97 x 10"
sej/kg (see Table A.H-7).

The sum of embodied energy per hectare of total forest land area in machinery used at
scarification, fertilization, ash recirculation, forest drainage and construction and main-
tenance of forest roads = ((26.72 x 195,624 + 29.26 x 20,000 + 58.52 x 217,600) / 21.84
x 10%2.20 x 107 + 0.152) MJ/(ha x year) = 1.003 MJ/(ha x year) (see Table A.J-2). The
amount of embodied energy per ton of dry matter received = 1.003 /2.831 MJ/t, =0.354
Mk, .

The g‘?)st of expendables included costs at plant production, fertilization and costs for pes-
ticides. The cost for expendables at plant production was assumed to be 0.20 SEK/plant.
Total expendables for plants = 0.20 x 21.6 SEK/(ha x year) = 4.32 SEK/(ha x year).
Expendables at fertilization = 1511 SEK/ha (see Table A.J-4). The fertilized area was
assumed to be 20,000 ha/year (see footnote ¢). The total expendables for fertilization =
1511 x 20,000 / (21.84 x 10°) SEK/ha = 1.38 SEK/ha.

The use of pesticides in forestry in 2002 was dominated by the use of plant-growth
regulators in nurseries, as the consumption of plant-growth regulators was 15,000 kg,
compared to the total use of pesticides being 22,200 kg (National Board of Forestry,
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2004). The additional cost for plants treated with plant-growth regulators = 0.06 SEK per
plant (Andersson, 2004), of which the cost for pesticide was assumed as 0.03 SEK/plant.
Approximately 62 millon plants are treated annually (Andersson, 2004). Thus, the cost of
plant-growth regulators = 0.03 / (15,000 / 62 x 10°) SEK/kg = 124 SEK/kg. The costs of
other pesticides used were assumed as equal to the cost of plant-growth regulators. Thus,
total cost for pesticides = 124 x 22,200 / (21.84 x 10°) SEK/ha = 0.13 SEK/ha.

Total costs for expendables = (4.32 + 1.38 + 0.13) SEK/ha = 5.83 SEK/ha.

j  Human services = Total costs — capital costs — costs for expendables. Total cost in Swed-
ish forestry in 2002 = 103 SEK/ha (National board of Forestry, 2004). It was assumed that
the total cost of forestry was somewhat higher, 114 SEK/ha, due to more intense forestry.
Capital costs = 23.04 SEK/ha (see note k) and costs for expendables = 5.83 SEK/ha (see
note i). Thus, costs for human services = (114 — 23.04 — 5.83) SEK/ha = 85.14 SEK/ha.

k Total capital costs included capital costs at plant production, scarification, forest fertiliza-
tion, ash recirculation, forest drainage, and construction and maintenance of forest roads.
The capital cost at plant production was assumed to be 0.60 SEK/plant. Thus, the capital
cost for plants = 0.60 x 21.6 SEK/(ha x year) = 12.95 SEK/(ha x year).

The capital cost at scarification = 137.27 SEK/ha (see Table A.J-3). 88% of the total final
felled area was prepared with scarification during 2001-2003 (National Board of Forestry,
2004). Thus, the total capital cost for scarification = 137.27 x 0.88 x 222.3 x 10° / (21.84
x 10°) SEK/ha = 1.23 SEK/ha.

The capital cost of fertilization = 61.12 SEK/ha (see Table A-J-4). The fertilized area
was assumed to be 20,000 ha/year. Thus, the total capital cost for fertilization = 61.12 x
20,000/ (21.84 x 10°) SEK/ha = 0.06 SEK/ha.

The capital cost of ash recirculation = 122.23 SEK/ha (see Table A.J-5). The annual area
treated with ash recirculation = 217.6 kha (see Table 5-13). Thus, the total capital cost for
fertilization = 122.23 x 217.6 x 10°/ (21.84 x 10°) SEK/ha = 1.22 SEK/ha.

The capital cost of construction and maintenance of forest drainage per hectare of forest
land = 0.11 SEK/ha (see Table A.J-6).

The capital cost at construction and maintenance of forest roads per hectare of forest land
= 7.48 SEK/ha (see Table A.J-7).

Total capital costs = (12.95 + 1.23 + 0.06 + 1.22 + 0.11 + 7.48) SEK/ha = 23.04 SEK/
ha.

Y, Tree biomass production: annual biomass growth per hectare =2.831t, /ha, and the HHV
=20.9 MJ/kg, (see Table A.B-2). Thus, the tree biomass production =20.9 x 10° x 2.831
J/(ha x year) = 5.92 x 10'* J/(ha x year).

Solar emergy = solar emergy of transpired rain + solar emergy of silvicultural inputs =
(352.44 x 10" + 21.30 x 10'?) sej/(ha x year) = 373.74 x 10'? sej/(ha x year) = 373.74 x
10'2/2.831 sej/t, = 132.03 sej/t, .

Solar transformity = 373.74 x 10'?/5.92 x 10'° sej/J = 6317 sej/J.

F, Felling, delimbing and cutting:

1 Direct energy required = 53.73 M/t (see Table A.J-8).

m  Mass depreciation of machinery = 0.042 kg/t, (see Table A.J-8). Solar transformity for
machine equipment = 2.97 x 10'? sej/kg (see Table A.H-7). The amount of embodied
energy in machinery = 2.95 MJ/t, (see Table A.J-8).

n  Costs for human services = operating and maintenance (O & M) costs = 45.00 SEK/t,
(see Table A.J-8).

o Capital costs = 14.60 SEK/t,_ (see Table A.J-8).
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Tree biomass yield: HHV =20.9 MJ/kg,  (see Table A.B-2). Solar emergy = solar emergy
of (Y, +F)=(132.03+2.57+0.12+ 7.11 + 2.31) x10"* sej/t, = 144.14 x10" sej/t, .
Solar transformity = 144.14 x 10'2/2.09 x 10'° sej/J = 6897 sej/J.

Forwarding:

Direct energy required = 52.76 MJ/t, (see Table A.J-11).

Mass depreciation of machinery = 0.037 kg/t, (see Table A.J-11). Solar transformity
for machine equipment = 2.97 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 2.98 MJ/t, (see Table A.J-11).

Costs for human services = O & M costs = 38.15 SEK/t,_ (see Table A.J-11).

Capital costs = 9.48 SEK/t, (see Table A.J-11).

Tree biomass yield: HHV =20.9 MJ/kg,  (see Table A.B-2). Solar emergy = solar emergy
of (Y, +F,)=(144.14 +2.53 + 0.11 + 6.02 + 1.50) x 10" sej/t, =154.30 x 10" sej/t, .
Solar transformity = 154.30 x 10'2/2.09 x 10'° sej/J = 7383 sej/J.

Road transport:

Direct energy required = 107.31 M/t (see Table A.J-38b).

Mass depreciation of machinery = 0.047 kg/t, (see Table A.J-38b). Solar transformity
for machine equipment = 2.60 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 2.89 MJ/t, (see Table A.J-38b).

Costs for human services = O & M costs = 63.68 SEK/t, (see Table A.J-38b).

Capital costs = 12.19 SEK/t,_ (see Table A.J-38b).

Tree biomass yield: HHV =20.9 MJ/kg,  (see Table A.B-1). Solar emergy = solar emergy
of (Y, +F,)=(154.30+5.14 +0.12+ 10.06 + 1.92) x 10" sej/t,

= 171.54 x 10" sej/t, . Solar transformity = 171.54 x 10/ 2.09 x 10'° sej/J = 8208 sej/
J.
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Table A.I-2 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

Hydrogen Methanol

Environmental inputs

I Item ¢ [x 10" sej/t, ] 124.5 124.5
Inputs fed back from society (i.e. purchased)
FI [x 107 sej/t, ] 7.5 7.5
F2 [x 10" sej/t, ] 15.2 15.2
F3 [x 10" sej/t, ] 24.5 24.5
F4 [x 107 sej/t, ] 17.2 17.2
F5 [x 107 sej/t, ] 7.0 7.0
F6 (Conversion) [x 10" sej/t, ] 201.6 191.1
Solar emergy yields of products
Y1 [x 10" sej/t, ] 132.0 132.0
Y2 [x 10" sej/t, ] 147.2 147.2
Y3 [x 10" sej/t, ] 171.7 171.7
Y4 [x 10" sej/t, ] 188.9 188.9
Y5 [x 10" sej/t, ] 196.0 196.0
Y6 (Final product) [x 10" sej/t, ] 397.6 387.0
Solar transformities
(a) Standing biomass [sej/J] 6317 6317
(b) After harvesting [sej/J] 7044 7044
(c) After forwarding [sej/J] 8216 8216
(d) After road transport [sej/J] 9040 9040
(e) After comminution [sej/J] 9377 9377
(f) After conversion [sej/J] 26,894 31,427
Net solar emergy yield ratio
1. Standing biomass 17.54 17.54
II. After harvesting 6.48 6.48
III. After forwarding 3.64 3.64
IV. After road transport 2.93 2.93
V. After comminution 2.74 2.74
VI. After conversion 1.46 1.47
Solar emergy investment ratio
1. Standing biomass 0.06 0.06
II. After harvesting 0.18 0.18
III. After forwarding 0.38 0.38
IV. After road transport 0.52 0.52
V. After comminution 0.57 0.57
VI. After conversion 2.19 2.11
Primary energy required at conversion [MJ/t, | 1602.72 1237.82
Amount of final product produced [GJ/t, | 14.78 12.32
Amount of final product produced [GJ/(ha x year)] 4.26 3.35
E(output)/E(primary energy input including biomass) 64.5% 54.6%
E(output)/E(primary energy input excluding biomass) 7.4 7.5
Cost of energy carrier
SEK/GJ 73.19 91.91
SEK/MWh 263.49 330.88
€/GJ 8.03 10.08

234



Footnotes to Table A.I-2

I

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

YO

l:]

See footnote to Table A.I-1.
Silvicultural inputs:

d— k See footnotes to Table A.I-1.

YI
FZ
1

m

See footnote to Table A.I-1.

Felling, delimbing and cutting:

Direct energy required = 63.18 MJ/t, (see Table A.J-8).

Mass depreciation of machinery = 0.042 kg/t, (see Table A.J-8). Solar transformity for
machine equipment = 2.97 x 10" sej/kg (see Table A.H-7). The amount of embodied
energy in machinery = 3.00 MJ/t, (see Table A.J-8).

Costs for human services = O & M costs = 58.92 SEK/t, (see Table A.J-8).

Capital costs = 17.26 SEK/t, (see Table A.J-8).

Tree biomass yield: HHV =20.9 MJ/kg, (see Table A.B-1). Solar emergy = solar emergy
of (Y, +F))=(132.03+3.03 +0.13 +9.30 +2.73) x 10" sej/t, = 147.21 x 10" sej/t, .
Solar transformity = 147.21 x10'>/ 2.09 x10' sej/J = 7044 sej/J.

Forwarding:

Direct energy required = 96.26 MJ/t, (see Table A.J-11).

Mass depreciation of machinery = 0.089 kg/t, (see Table A.J-11). Solar transformity
for machine equipment = 2.97 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 4.31 MJ/t, (see Table A.J-11).

Costs for human services = O & M costs = 82.64 SEK/t, (see Table A.J-11).

Capital costs = 17.35 SEK/t,  (see Table A.J-11).

Dry matter losses at storage = 2.6% of forwarded biomass (see Table A.G-1, footnote c).
0.026 x2.09 x 10" J/t, =5.43 x 10%J/t, .

Tree biomass yield: HHV =20.9 MJ/kg, (see Table A.B-1). Solar emergy = solar emergy
of (Y, +F,) = (147.21 + 4.61 + 0.26 + 13.05 + 2.74 + 3.83) x 10" sej/t, =171.70 x 10"
sej/t,, -

Solar transformity = 171.70 x 10'2/2.09 x 10'° sej/J = 8216 sej/J.

Road transport:

Direct energy required = 107.31 MJ/t, (see Table A.J-38b).

Mass depreciation of machinery = 0.047 kg/t, (see Table A.J-38b). Solar transformity
for machine equipment = 2.60 x 10'* sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 2.89 MJ/t, (see Table A.J-38b).

Costs for human services = O & M costs = 63.68 SEK/t, (see Table A.J-38b).

Capital costs = 12.19 SEK/t, (see Table A.J-38b).

Tree biomass yield: HHV =20.9 MJ/kg,  (see Table A.B-1). Solar emergy = solar emergy
of (Y, +F,)=(171.70 + 5.14 + 0.12 + 10.05 + 1.92) x 10" sej/t, = 188.95 x 10'* sej/
t .

Sdglar transformity = 188.95 x 10'2/2.09 x 10'° sej/J = 9040 sej/J.

Comminution:

Direct energy required = 54.78 MJ/t, (see Table A.J-39).

Mass depreciation of machinery = 0.015 kg/t, , and the solar transformity for machine
equipment = 2.24 x 10" sej/kg (See Table A.J-39).

Costs for human services = O & M costs = 23.79 SEK/t, (see Table A.J-39).

Capital costs = 3.85 SEK/t,  (see Table A.J-39).

Tree biomass yield: HHV =20.9 MJ/kg,  (see Table A.B-1). Solar emergy = solar emergy
of (Y, +F)=(188.95+2.62+0.03+3.76 +0.61) x 10" sej/t, =195.97 x 10" sej/t, .
Solar transformity = 195.97 x 10'2/2.09 x 10'° sej/J = 9377 sej/J.
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Table A.I-3 continued: Summary of inputs, yields, solar transformities and investment indi-

ces
District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 124.5 124.5 124.5 124.5 124.5
Inputs fed back from society (i.e. purchased)
F1+F2 from FinalFell [x 10" sej/t, ] 19.6 19.6 19.6 19.6 19.6
F3 [x 10" sej/t, ] 25.0 25.0 25.0 25.0 25.0
F4 [x 107 sej/t, ] 18.7 18.7 18.7 18.7 18.7
F5 [x 107 sej/t, ] 27.6 27.6 27.6 27.6 27.6
F6 [x 10" sej/t, ] 7.0 7.0 7.0 7.0 7.0
F7 (Conversion) [x 10" sej/t, ] 150.0 105.7 154.2 201.0 190.5
Solar emergy yields of products
Y3 [x 10" sej/t, ] 168.5 168.5 168.5 168.5 168.5
Y4 [x 10" sej/t, ] 187.2 187.2 187.2 187.2 187.2
Y5 [x 10™ sej/t, ] 214.8 214.8 214.8 214.8 214.8
Y6 [x 10" sej/t, ] 221.8 221.8 221.8 221.8 221.8
Y7 (Final product) [x 10" sej/t, ] 371.9 327.5 376.0 422.8 4123
Solar transformities
(c) After baling [sej/J] 8101 8101 8101 8101 8101
(d) After forwarding of bales [sej/J] 9000 9000 9000 9000 9000
(e) After road transport [sej/J] 10,327 10,327 10,327 10,327 10,327
(f) After comminution [sej/J] 10,665 10,665 10,665 10,665 10,665
(g) After conversion [sej/J] 21,650 53,088 38,716 28,742 33,638
(g) Heat generated at CHP [sej/J] 23,589
Net solar emergy yield ratio
III. After baling 3.77 3.77 3.77 3.77 3.77
IV. After forwarding of bales 2.95 2.95 2.95 2.95 2.95
V. After road transport 2.36 2.36 2.36 2.36 2.36
VI. After comminution 2.26 2.26 2.26 2.26 2.26
VII. After conversion 1.50 1.61 1.49 1.41 1.43
Solar emergy investment ratio
III. After baling 0.36 0.36 0.36 0.36 0.36
IV. After forwarding of bales 0.51 0.51 0.51 0.51 0.51
V. After road transport 0.73 0.73 0.73 0.73 0.73
VI. After comminution 0.79 0.79 0.79 0.79 0.79
VII. After conversion 1.99 1.64 2.03 2.40 2.32
Primary energy required at conversion
[MIA, ] 251.05 818.88 1158.57 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, | 17.18 6.17 9.71 14.71 12.26
Amount of heat produced at CHP
[GIr,,] 13.88
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 5.80 2.08 3.28 4.96 4.14
Amount of heat produced at CHP
[GJ/(ha x year)] 4.68
E(output)/E(primary energy input 79.6% 90.6% 43.2% 64.2% 54.3%
including biomass)
E(output)/E(primary energy input 222 15.0 5.8 6.9 7.0

excluding biomass)
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Table A.I-3 continued

Cost of energy carriers

SEK/GJ 75.72 59.68 106.97 81.14 101.45
SEK/MWh 272.60 214.85 385.08 292.10 365.21
€/GJ 8.30 6.54 11.73 8.90 11.12
Cost of heat at CHP

SEK/GJ 34.02

SEK/MWh 122.46

€/GJ 3.73

Footnotes to Table A.I-3

Biomass input:

oo

HHVY | e resicues = 20.8 MJ/kg,  (see Table A.B-1c). The solar transformity was assumed
as equal to the solar transformity of the biomass yield after felling, delimbing and cutting
in forestry (Y, in Table A.I-1). Solar emergy = annual flow x solar transformity.

Baling:

Direct energy required = 71.42 MJ/t, (see Table A.J-14).

Mass depreciation of machinery = 0.154 kg/t, , the solar transformity for machine equip-
ment = 2.48 x 10'* sej/kg, and the amount of embodied energy in machinery =3.71 MJ/t,
(see Table A.J-14).

Costs for human services = O & M costs = 84.77 SEK/t, (see Table A.J-14).

Capital costs = 40.65 SEK/t, (see Table A.J-14).

Dry matter losses at baling = 1.0% of baled biomass (see Table A.G-1, footnote a). 0.01 x
2.08x 100 J/t, =2.08 x 108 J/t, .

HHV| e residues = 20.8 MJ/kg,  (see Table A.B-Ic). Solar emergy = solar emergy of (Y, +
F)=(143.45+3.42+038+13.39+6.42+ 1.43) x 10" sej/t, =168.49 x 10" sej/t, .
Solar transformity = 168.49 x 10'?/2.08 x 10'° sej/J = 8101 sej/J.

Forwarding of bales:

Direct energy required = 68.30 MJ/t, (see Table A.J-11).

Mass depreciation of machinery = 0.048 kg/t, (see Table A.J-11). Solar transformity
for machine equipment = 2.97 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 3.85 MJ/t, (see Table A.J-11).

Costs for human services = O & M costs = 49.39 SEK/t, (see Table A.J-11).

Capital costs = 12.27 SEK/t, _(see Table A.J-11).

Dry matter losses at storage = 3.3% of baled biomass (see Table A.G-1, footnote b). 0.033
x2.08x 100 J/t, =6.86x 108/t .

HHV | e residues = 20.8 MJ/kg,  (see Table A.B-Ic). Solar emergy = solar emergy of (Y,
+F,)=(168.49 +327+0.14 +7.80 + 1.94 + 5.56) x 10" sej/t, = 187.20 x 10'* sej/t, .
Solar transformity = 187.20 x 10'?/2.08 x 10'° sej/J = 9000 sej/J.

Road transport:

Direct energy required = 174.37 MJ/t,_(see Table A.J-38b).

Mass depreciation of machinery = 0.074 kg/t, (see Table A.J-38Db). Solar transformity
for machine equipment = 2.60 x 10° sej/g (See Table A.H-7). The amount of embodied
energy in machinery = 4.57 MJ/t, (see Table A.J-38D).

Costs for human services = O & M costs = 101.47 SEK/t, (see Table A.J-38b).

Capital costs = 19.24 SEK/t, (see Table A.J-38b).

HHV| e residues = 20.8 MJ/kg,  (see Table A.B-Ic). Solar emergy = solar emergy of (Y,
+F)=(187.20 + 835+ 0.19 + 16.02 + 3.04) x 10" sej/t, =214.81 x 10" sej/t, .

Solar transformity = 214.81 x 10'2/2.08 x 10'° sej/J = 10,327 sej/J.

Comminution:

Direct energy required = 54.78 MJ/t, (see Table A.J-39).

Mass depreciation of machinery = 0.015 kg/t, , and the solar transformity for machine
equipment = 2.24 x 10'? sej/kg (see Table A.J-39).
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q Costs for human services = O & M costs = 23.79 SEK/t, (see Table A.J-39).

r Capital costs = 3.85 SEK/t, (see Table A.J-39).

Yo HHV e vesiaues = 208 MJ/kg, (see Table A.B-Ic). Solar emergy = solar emergy of (Y,
+F)=(214.81 +2.62+0.03+3.76 + 0.61) x 10" sej/t, =221.83 x 10" sej/t, .
Solar transformity = 221.83 x 10'2/2.08 x 10'° sej/J = 10,665 sej/J.
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Table A.I-4 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from Thinning [x 10" sej/t, ] 124.5 124.5 124.5 124.5 124.5

Inputs fed back from society (i.e. purchased)

FI+F2 from FinalFell [x 10" sej/t, ] 25.9 25.9 25.9 25.9 259
F3 [x 10" sej/t, ] 38.1 38.1 38.1 38.1 38.1
F4 [x 107 sej/t, ] 29.9 29.9 29.9 29.9 29.9
F5 [x 107 sej/t, ] 27.6 27.6 27.6 27.6 27.6
F6 [x 10" sej/t, ] 7.0 7.0 7.0 7.0 7.0
F7 (Conversion) [x 10" sej/t, ] 150.0 105.7 154.2 201.0 190.5
Solar emergy yields of products
Y3 [x 10" sej/t, ] 184.6 184.6 184.6 184.6 184.6
Y4 [x 10" sej/t, ] 214.5 214.5 214.5 214.5 214.5
Y5 [x 10™ sej/t, ] 242.1 242.1 242.1 242.1 242.1
Y6 [x 10" sej/t, ] 249.1 249.1 249.1 249.1 249.1
Y7 (Final product) [x 10" sej/t, ] 399.2 354.8 403.3 450.1 439.6
Solar transformities
(c) After baling [sej/J] 8874 8874 8874 8874 8874
(d) After forwarding of bales [sej/J] 10,312 10,312 10,312 10,312 10,312
(e) After road transport [sej/J] 11,639 11,639 11,639 11,639 11,639
(f) After comminution [sej/J] 11,977 11,977 11,977 11,977 11,977
(g) After conversion [sej/J] 23,238 57,511 41,526 30,597 35,864
(g) Heat generated at CHP [sej/J] 25,555
Net solar emergy yield ratio
III. After baling 2.89 2.89 2.89 2.89 2.89
IV. After forwarding of bales 2.29 2.29 2.29 2.29 2.29
V. After road transport 1.99 1.99 1.99 1.99 1.99
VI. After comminution 1.94 1.94 1.94 1.94 1.94
VII. After conversion 1.43 1.52 1.43 1.37 1.38
Solar emergy investment ratio
III. After baling 0.61 0.61 0.61 0.61 0.61
IV. After forwarding of bales 0.90 0.90 0.90 0.90 0.90
V. After road transport 1.16 1.16 1.16 1.16 1.16
VI. After comminution 1.23 1.23 1.23 1.23 1.23
VII. After conversion 2.67 2.25 2.71 3.16 3.06
Primary energy required at conversion
[MIA, ] 251.05 818.88 1158.57 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, | 17.18 6.17 9.71 14.71 12.26
Amount of heat produced at CHP
[GI,] 13.88
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 1.72 0.62 0.97 1.47 1.23
Amount of heat produced at CHP
[GJ/(ha x year)] 1.39
E(output)/E(primary energy input 79.2% 90.1% 43.0% 63.9% 54.1%
including biomass)
E(output)/E(primary energy input 19.5 13.8 5.4 6.6 6.6

excluding biomass)
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Table A.I-4 continued

Cost of energy carrier

SEK/GJ 83.90 66.68 121.42 90.68 112.90
SEK/MWh 302.02 240.05 437.12 326.45 406.44
€/GJ 9.20 7.31 13.32 9.94 12.38
Cost of heat at CHP

SEK/GJ 41.02

SEK/MWh 147.66

€/GJ 4.50

Footnotes to Table A.I-4

Biomass input:

[=7 o)

HHVY | e resicues = 20.8 MJ/kg,  (see Table A.B-Ic). The solar transformity was assumed
as equal to the solar transformity of the biomass yield after felling, delimbing and cutting
in forestry (Y, in Table A.I-1). Solar emergy = annual flow x solar transformity.

Baling:

Direct energy required = 111.42 MJ/t, (see Table A.J-14).

Mass depreciation of machinery = 0.154 kg/t, (see Table A.J-14). Solar transformity
for machine equipment = 2.48 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 5.79 MJ/t, (see Table A.J-14).

Costs for human services = O & M costs = 132.24 SEK/t; (see Table A.J-14).

Capital costs = 63.41 SEK/t, (see Table A.J-14).

Dry matter losses at baling = 1.0% of baled biomass (see Table A.G-1, footnote a). 0.01 x
2.08x 10" J/t, =2.08x 10%J/t, .

HHVY | esicues = 20.8 MJ/kg, (see Table A.B-1). Solar emergy = solar emergy of (Y, +
F))=(146.51 +5.34+0.38 +20.88 + 10.01 + 1.47) x 10" sej/t, = 184.59 x 10" sej/t, .
Solar transformity = 184.59 x 10'?/2.08 x 10'° sej/J = 8874 sej/J.

Forwarding of bales:

Direct energy required = 110.93 MJ/t, (see Table A.J-11).

Mass depreciation of machinery = 0.102 kg/t, (see Table A.J-11). Solar transformity
for machine equipment = 2.97 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 4.97 MJ/t, (see Table A.J-11).

Costs for human services = O & M costs = 95.24 SEK/t, (see Table A.J-11).

Capital costs = 19.99 SEK/t,  (see Table A.J-11).

Dry matter losses at storage = 3.3% of baled biomass (see Table A.G-1, footnote b). 0.033
x2.08x10"J/t, =6.86x10%J/t, .

HHVY | esicues = 20.8 MJ/kg, (see Table A.B-1). Solar emergy = solar emergy of (Y, +
F,)=(184.59+531+0.30+15.04 +3.16 + 6.09) x 10'* sej/t, =214.49 x 10" sej/t
Solar transformity = 214.49 x10'2/2.08 x10' sej/J = 10,312 sej/J.

Road transport:

Direct energy required = 174.37 M/t (see Table A.J-38b).

Mass depreciation of machinery = 0.074 kg/t, = (see Table A.J-38b). Solar transformity
for machine equipment = 2.60 x 10° sej/g (See Table A.H-7). The amount of embodied
energy in machinery = 4.57 MJ/t, (see Table A.J-38b).

Costs for human services = O & M costs = 101.47 SEK/t, (see Table A.J-38b).

Capital costs = 19.24 SEK/t, (see Table A.J-38b).

HHVY | esicues = 20.8 MJ/kg, (see Table A.B-1). Solar emergy = solar emergy of (Y, +
F)=(214.49+835+0.19 + 16.02 + 3.04) x 10" sej/t, =242.10x 10" sej/t, .

Solar transformity = 242.10 x 10'2/2.08 x 10'° sej/J = 11,639 sej/J.

Comminution:

Direct energy required = 54.78 MJ/t, (see Table A.J-39).

Mass depreciation of machinery = 0.015 kg/t, , and the solar transformity for machine
equipment = 2.24 x 10'? sej/kg (see Table A.J-39).

dm*
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q  Costs for human services = O & M costs = 23.79 SEK/t, (see Table A.J-39).

r  Capital costs = 3.85 SEK/t, (see Table A.J-39).

Yo HHV| e vesianes = 20-8 MI/kg, (see Table A.B-1). Solar emergy = solar emergy of (Y, +
F)=(242.10+2.62+0.03 +3.76 + 0.61) x 10"* sej/t, =249.12x 10" sej/t .
Solar transformity = 249.12 x 10'2/2.08 x 10'° sej/J = 11,977 sej/J.
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Table A.I-5 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I Ttem ¢ [x 10" sej/t, ] 124.5 124.5 124.5 124.5 124.5
Inputs fed back from society (i.e. purchased)
FI [x 107 sej/t, ] 7.5 7.5 7.5 7.5 7.5
F2 [x 10" sej/t, ] 12.3 12.3 12.3 12.3 12.3
F3 [x 107 sej/t, ] 24.4 24.4 24.4 24.4 24.4
F4 [x 107 sej/t, ] 17.2 17.2 17.2 17.2 17.2
F5 [x 10" sej/t, ] 7.0 7.0 7.0 7.0 7.0
F6 (Conversion) [x 10" sej/t, ] 150.7 106.0 154.9 201.6 191.1
Solar emergy yields of products
Y1 [x 107 sej/t, ] 132.0 132.0 132.0 132.0 132.0
Y2 [x 10" sej/t, ] 1443 1443 1443 144.3 1443
Y3 [x 10" sej/t, ] 168.7 168.7 168.7 168.7 168.7
Y4 [x 10" sej/t, ] 186.0 186.0 186.0 186.0 186.0
YS [x 10" sej/t, ] 193.0 193.0 193.0 193.0 193.0
Y6 (Final product) [x 10" sej/t, ] 343.7 298.9 347.9 394.6 384.1
Solar transformities
(a) Standing biomass [sej/J] 6317 6317 6317 6317 6317
(b) After harvesting [sej/J] 6905 6905 6905 6905 6905
(c) After forwarding [sej/J] 8073 8073 8073 8073 8073
(d) After road transport [sej/J] 8898 8898 8898 8898 8898
(e) After comminution [sej/J] 9234 9234 9234 9234 9234
(f) After conversion [sej/J] 19,913 48,225 35,651 26,692 31,184
(f) Heat generated at CHP [sej/J] 21,429
Net solar emergy yield ratio
1. Standing biomass 17.54 17.54 17.54 17.54 17.54
II. After harvesting 7.29 7.29 7.29 7.29 7.29
III. After forwarding 3.82 3.82 3.82 3.82 3.82
IV. After road transport 3.03 3.03 3.03 3.03 3.03
V. After comminution 2.82 2.82 2.82 2.82 2.82
VL. After conversion 1.57 1.71 1.56 1.46 1.48
Solar emergy investment ratio
1. Standing biomass 0.06 0.06 0.06 0.06 0.06
II. After harvesting 0.16 0.16 0.16 0.16 0.16
III. After forwarding 0.36 0.36 0.36 0.36 0.36
IV. After road transport 0.49 0.49 0.49 0.49 0.49
V. After comminution 0.55 0.55 0.55 0.55 0.55
VI. After conversion 1.76 1.40 1.79 2.17 2.08
Primary energy required at conversion
M, ] 251.05 818.88 1164.14 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 17.26 6.20 9.76 14.78 12.32
Amount of heat produced at CHP
[GIA,,] 13.95
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 1.65 0.59 0.93 1.41 1.18
Amount of heat produced at CHP
[GJ/(ha x year)] 1.33
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Table A.I-5 continued

E(final product)/E(primary energy input  80.2% 91.2% 43.5% 64.6% 54.7%
including biomass)

E(output)/E(primary energy input 27.4 16.8 6.3 7.5 7.6
excluding biomass)

Cost of energy carrier

SEK/GJ 68.20 53.23 93.66 72.35 90.90
SEK/MWh 245.52 191.61 337.18 260.47 327.26
€/GJ 7.48 5.84 10.27 7.93 9.97
Cost of heat at CHP

SEK/GJ 27.56

SEK/MWh 99.23

€/GJ 3.02

Footnotes to Table 6-A5

I

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

YO
Fl

See footnote to Table A.I-1.
Silvicultural inputs:

d—k See footnotes to Table A.I-1.

Y,
F,
1

m

See footnote to Table A.I-1.

Felling, delimbing and cutting:

Direct energy required =43.61 MJ/t, (see Table A.J-8).

Mass depreciation of machinery = 0.042 kg/t, , the solar transformity for machine equip-
ment = 2.71 x 10" sej/kg and the amount of embodied energy in machinery = 2.70 MJ/t,
(see Table A.J-8).

Costs for human services = O & M costs = 49.72 SEK/t, (see Table A.J-8).

Capital costs = 14.05 SEK/t, (see Table A.J-8).

Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-lc). Solar emergy = solar
emergy of (Y, +F)) =(132.03 +2.09 + 0.11 + 7.85 + 2.22) x 10'* sej/t, = 144.31 x 10"
sej/t,, . Solar transformity = 144.31 x 10"/ 2.09 x 10" sej/J = 6905 sej/J.

Forwarding:

Direct energy required = 96.26 MJ/t,  (see Table A.J-11).

Mass depreciation of machinery = 0.089 kg/t, (see Table A.J-11). Solar transformity
for machine equipment = 2.97 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 4.31 MJ/t, (see Table A.J-11).

Costs for human services = O & M costs = 82.64 SEK/t, (see Table A.J-11).

Capital costs = 17.35 SEK/t,  (see Table A.J-11).

Dry matter losses at storage = 2.6% of forwarded biomass (see Table A.G-1, footnote c).
0.026 x2.09x 10" J/t, =5.43x 10%J/t, .

Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-lc). Solar emergy = solar
emergy of (Y, +F,) = (144.31 +4.61 +0.26 + 13.05 + 2.74 + 3.75) x 10" sej/t, =168.72
x 10 sej/t, .

Solar transformity = 168.72 x 10"/ 2.09 x 10'° sej/J = 8073 sej/J.

Road transport:

Direct energy required = 107.31 MJ/t, (see Table A.J-38b).

Mass depreciation of machinery = 0.047 kg/t, (see Table A.J-38b). Solar transformity
for machine equipment = 2.60 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 2.89 MJ/t, (see Table A.J-38b).

Costs for human services = O & M costs = 63.68 SEK/t, (see Table A.J-38b).

Capital costs = 12.19 SEK/t,  (see Table A.J-38b).

Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-lc). Solar emergy = solar
emergy of (Y, +F,) = (168.72 + 5.14 + 0.12 + 10.05 + 1.92) x 102 sej/t, = 185.96 x

251



252

10" sej/t, . Solar transformity = 185.96 x 10>/ 2.09 x 10' sej/J = 8898 sej/J.
Comminution:

Direct energy required = 54.78 MJ/t,_(see Table A.J-39).

Mass depreciation of machinery = 0.015 kg/t, , and the solar transformity for machine
equipment = 2.24 x 10'2 sej/kg (See Table A.J-39).

Costs for human services = O & M costs = 23.79 SEK/t,_ (see Table A.J-39).

Capital costs = 3.85 SEK/t, (see Table A.J-39).

Tree biomass yield: HHV = 20.9 MJ/kg, = (see Table A.B-Ic). Solar emergy = solar
emergy of (Y, +F,) = (185.96 +2.62 +0.03 + 3.76 + 0.61) x 10" sej/t, =192.99 x 10"
sej/t, . Solar transformity = 192.99 x 10'*/2.09 x 10" sej/J = 9234 sej/J.
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Table A.I-6 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I Ttem ¢ [x 10" sej/t, ] 124.5 124.5 124.5 1245 124.5
Inputs fed back from society (i.e. purchased):
FI [x 107 sej/t, ] 7.5 7.5 7.5 7.5 7.5
F2 [x 10" sej/t, ] 15.2 15.2 15.2 15.2 15.2
F3 [x 107 sej/t, ] 24.5 24.5 24.5 24.5 24.5
F4 [x 107 sej/t, ] 17.2 17.2 17.2 17.2 17.2
F5 [x 10" sej/t, ] 7.0 7.0 7.0 7.0 7.0
F6 (Conversion) [x 10" sej/t, ] 150.7 106.0 154.9 201.6 191.1
Solar emergy yields of products:
Y1 [x 10" sej/t, ] 132.0 132.0 132.0 132.0 132.0
Y2 [x 10" sej/t, ] 147.2 147.2 147.2 147.2 147.2
Y3 [x 10" sej/t, ] 171.7 171.7 171.7 171.7 171.7
Y4 [x 10" sej/t, ] 188.9 188.9 188.9 188.9 188.9
Y5 [x 10" sej/t, ] 196.0 196.0 196.0 196.0 196.0
Y6 (Final product) [x 10'* sej/t, ] 346.7 301.9 350.9 397.6 387.0
Solar transformities:
(a) Standing biomass [sej/J] 6317 6317 6317 6317 6317
(b) After harvesting [sej/J] 7044 7044 7044 7044 7044
(c) After forwarding [sej/J] 8216 8216 8216 8216 8216
(d) After road transport [sej/J] 9040 9040 9040 9040 9040
(e) After comminution [sej/J] 9377 9377 9377 9377 9377
(f) After conversion [sej/J] 20,086 48,706 35,957 26,894 31,427
(f) Heat generated at CHP [sej/J] 21,642
Net solar emergy yield ratio
1. Standing biomass 17.54 17.54 17.54 17.54 17.54
II. After harvesting 6.48 6.48 6.48 6.48 6.48
III. After forwarding 3.64 3.64 3.64 3.64 3.64
IV. After road transport 2.93 2.93 2.93 2.93 2.93
V. After comminution 2.74 2.74 2.74 2.74 2.74
VI. After conversion 1.56 1.70 1.55 1.46 1.47
Solar emergy investment ratio
1. Standing biomass 0.06 0.06 0.06 0.06 0.06
II. After harvesting 0.18 0.18 0.18 0.18 0.18
III. After forwarding 0.38 0.38 0.38 0.38 0.38
IV. After road transport 0.52 0.52 0.52 0.52 0.52
V. After comminution 0.57 0.57 0.57 0.57 0.57
VI. After conversion 1.78 1.42 1.82 2.19 2.11
Primary energy required at conversion
MK, 1 251.05 818.88 1164.14 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [Gl/t, ] 17.26 6.20 9.76 14.78 12.32
Amount of heat produced at CHP
[Grt, ] 13.95
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 0.77 0.28 0.44 0.66 0.55
Amount of heat produced at CHP
[GJ/(ha x year)] 0.62
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Table A.I-6 continued

E(final product)/E(primary energy input  80.1% 91.1% 43.4% 64.5% 54.6%
including biomass)

E(output)/E(primary energy input 26.4 16.5 6.2 7.4 7.5
excluding biomass)

Cost of energy carrier

SEK/GJ 68.92 53.84 94.93 73.19 91.91
SEK/MWh 248.11 193.83 341.75 263.49 330.88
€/GJ 7.56 5.90 10.41 8.03 10.08
Cost of heat at CHP

SEK/GJ 28.18

SEK/MWh 101.44

€/GJ 3.09

Footnotes to Table 6-A6

|

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

YO

Fl

See footnote to Table A.I-1.
Silvicultural inputs:

d-k See footnotes to Table A.I-1.

Yl

F,
1
m

o

(=1

See footnote to Table A.I-1.

Felling, delimbing and cutting:

Direct energy required = 63.18 MJ/t, (see Table A.J-8).

Mass depreciation of machinery = 0.042 kg/t, (see Table A.J-8). Solar transformity for
machine equipment = 2.97 x 10'? sej/kg (see Table A.H-7). The amount of embodied
energy in machinery = 3.00 MJ/t, (see Table A.J-8).

Costs for human services = O & M costs = 58.92 SEK/t, (see Table A.J-8).

Capital costs = 17.26 SEK/t, (see Table A.J-8).

Tree biomass yield: HHV = 20.9 MJ/kg, = (see Table A.B-lc). Solar emergy = solar
emergy of (Y, +F)) =(132.03 +3.03 +0.13 + 9.30 + 2.73) x 10" sej/t, = 147.21 x 10"
sej/t,, .

Solar transformity = 147.21 x 10"/ 2.09 x 10'° sej/J = 7044 sej/J.

Forwarding:

Direct energy required = 96.26 MJ/t, (see Table A.J-11).

Mass depreciation of machinery = 0.089 kg/t, (see Table A.J-11). Solar transformity
for machine equipment = 2.97 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 4.31 MJ/t, (see Table A.J-11).

Costs for human services = O & M costs = 82.64 SEK/t, (see Table A.J-11).

Capital costs = 17.35 SEK/t, (see Table A.J-11).

Dry matter losses at storage = 2.6% of forwarded biomass (see Table A.G-1, footnote c).
0.026 x2.09x 10" J/t, =543 x 108/t .

Tree biomass yield: HHV = 20.9 MJ/kg, = (see Table A.B-Ic). Solar emergy = solar
emergy of (Y, +F,) = (147.21 + 4.61 +0.26 + 13.05 + 2.74 + 3.83) x 10" sej/t, =171.70
x 10 sej/t, .

Solar transformity = 171.70 x 10"/ 2.09 x 10'° sej/J = 8216 sej/J.

Road transport:

Direct energy required = 107.31 MJ/t,  (see Table A.J-38b).

Mass depreciation of machinery = 0.047 kg/t, (see Table A.J-38b). Solar transformity
for machine equipment = 2.60 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 2.89 MJ/t, (see Table A.J-38b).

Costs for human services = O & M costs = 63.68 SEK/t, (see Table A.J-38b).

Capital costs = 12.19 SEK/t,  (see Table A.J-38b).
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Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-Ic). Solar emergy = solar
emergy of (Y, +F,)=(171.70 +5.14 + 0.12 + 10.05 + 1.92) x 10" sej/t, = 188.95x 10"
sej/t, . Solar transformity = 188.95 x 10'*/2.09 x 10" sej/J = 9040 sej/J.

Comminution:

Direct energy required = 54.78 MJ/t,_(see Table A.J-39).

Mass depreciation of machinery = 0.015 kg/t, , and the solar transformity for machine
equipment = 2.24 x 10'? sej/kg (See Table A.J-39).

Costs for human services = O & M costs = 23.79 SEK/t,_ (see Table A.J-39).

Capital costs = 3.85 SEK/t, (see Table A.J-39).

Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-Ic). Solar emergy = solar
emergy of (Y, +F,) = (188.95+2.62+0.03+3.76 + 0.61) x 10" sej/t, =195.97 x 10"
sej/t, . Solar transformity = 195.97 x 10"/ 2.09 x 10" sej/J = 9377 sej/J.
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Table A.I-7 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I Item ¢ [x 10" sej/t, ] 749.2 749.2 749.2 749.2 749.2
Inputs fed back from society (i.e. purchased):
FI [x 107 sej/t, ] 49.0 49.0 49.0 49.0 49.0
F2 [x 10" sej/t, ] 43.6 43.6 43.6 43.6 43.6
F3 [x 107 sej/t, ] 17.2 17.2 17.2 17.2 17.2
F4 [x 107 sej/t, ] 7.0 7.0 7.0 7.0 7.0
F5 (Conversion) [x 10" sej/t, ] 150.7 106.0 154.9 201.6 191.1
Solar emergy yields of products:
Y1 [x 10" sej/t, ] 798.3 798.3 798.3 798.3 798.3
Y2 [x 10" sej/t, ] 841.9 841.9 841.9 841.9 841.9
Y3 [x 10" sej/t, ] 859.1 859.1 859.1 859.1 859.1
Y4 [x 10" sej/t, ] 866.1 866.1 866.1 866.1 866.1
Y5 (Final product) [x 10 sej/t, ] 1016.8 972.1 1021.0 1067.7 1057.2
Solar transformities:
(a) After harvesting [sej/J] 38,195 38,195 38,195 38,195 38,195
(b) After forwarding [sej/J] 40,281 40,281 40,281 40,281 40,281
(c) After road transport [sej/J] 41,106 41,106 41,106 41,106 41,106
(d) After comminution [sej/J] 41,442 41,442 41,442 41,442 41,442
(e) After conversion [sej/J] 58,915 155,975 104,635 72,230 85,842
(e) Heat generated at CHP [sej/J] 67,087
Net solar emergy yield ratio
1. After harvesting 16.28 16.28 16.28 16.28 16.28
II. After forwarding 9.09 9.09 9.09 9.09 9.09
II1. After road transport 7.82 7.82 7.82 7.82 7.82
IV. After comminution 7.41 7.41 7.41 7.41 7.41
V. After conversion 3.80 4.36 3.76 3.35 3.43
Solar emergy investment ratio
1. After harvesting 0.07 0.07 0.07 0.07 0.07
1I. After forwarding 0.12 0.12 0.12 0.12 0.12
III. After road transport 0.15 0.15 0.15 0.15 0.15
IV. After comminution 0.16 0.16 0.16 0.16 0.16
V. After conversion 0.36 0.30 0.36 0.43 0.41
Primary energy required at conversion
[MIt, ] 251.05 818.88 1164.14 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 17.26 6.20 9.76 14.78 12.32
Amount of heat produced at CHP
[GIrt, ] 13.95
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 0.37 0.13 0.21 0.32 0.26
Amount of heat produced at CHP
[GJ/(ha x year)] 0.30
E(output)/E(primary energy input 80.5% 94.2% 43.7% 64.9% 54.9%
including biomass)
E(output)/E(primary energy input 32.6 18.9 6.8 7.9 8.1

excluding biomass)
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Table A.I-7 continued

Cost of energy carrier

SEK/GJ 80.68 63.91 115.73 86.92 108.39
SEK/MWh 290.44 230.09 416.64 312.93 390.22
€/GJ 8.85 7.01 12.69 9.53 11.89
Cost of heat at CHP

SEK/GJ 38.25

SEK/MWh 137.71

€/GJ 4.19

Footnotes to Table A.I-7

I

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

Y(]

[=Ne o]

~ 09

Fr

The tree biomass production was assumed to be 0.80 m’_/(ha x year). 40% was added
considering branches and roots. The basic density of wood =420 kg, /m’, (see Table A.B-
2). HHV = 20.9 MJ/kg, (see Table A.B-1). Thus, the tree biomass production = 0.80 x
1.4x 420 x 20.9 x 10° J/(ha x year) = 9.83 x 10° J/(ha x year).

Solar emergy = solar emergy of transpired rain = 352.44 x 10" sej/(ha x year). Annual
biomass growth per hectare = 0.80 x 1.4 x 420 t, /ha = 0.470 t, /ha. Thus, solar emergy
=352.44x10"/0.470 sej/t, = 749.23 sej/t, .

Solar transformity = 352.44 x 10'2/9.83 x 10° sej/J = 35,848 sej/J.

Felling, delimbing and cutting:

Direct energy required = 23.46 MJ/t, (see Table A.J-9).

Mass depreciation of machinery = 0.006 kg/t, (see Table A.J-9). Solar transformity for
machine equipment = 1.64 x 10'? sej/kg (see Table A.H-7). The amount of embodied
energy in machinery = 0.24 MJ/t, (see Table A.J-9).

Costs for human services = O & M costs = 289.16 SEK/t, (see Table A.J-9).

Capital costs = 14.22 SEK/t, (see Table A.J-9).

Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-lc). Solar emergy = solar
emergy of (Y, +F)) =(749.23 + 1.12 + 0.01 +45.66 + 2.25) x 10"* sej/t, =798.27 x 10"
sej/t,, . Solar transformity = 798.27 x 10"/ 2.09 x 10" sej/J = 38,195 sej/J.

Forwarding:

Direct energy required = 49.31 MJ/t, (see Table A.J-12).

Mass depreciation of machinery = 0.997 kg/t, , the solar transformity for machine equip-
ment = 2.16 x 10" sej/kg and the amount of embodied energy in machinery = 6.11 MJ/t,
(see Table A.J-12).

Costs for human services = O & M costs = 99.83 SEK/t, (see Table A.J-12).

Capital costs = 16.21 SEK/t, (see Table A.J-12).

Dry matter losses at storage = 2.6% of forwarded biomass (see Table A.G-1, footnote c).
0.026 x 2.09 x 10" J/t, =5.43 x 10%J/t, .
Tree biomass yield: HHV = 20.9 MJ/kg, = (see Table A.B-lc). Solar emergy = solar
emergy of (Y, + F,) = (798.27 + 2.36 + 2.16 + 15.76 + 2.56 + 20.76) x 10" sej/t, =
841.87 x 10" sej/t, . Solar transformity = 841.87 x 10>/ 2.09 x 10'° sej/J = 40,281 sej/J.
Road transport:

Direct energy required = 107.31 MJ/t, (see Table A.J-38a).

Mass depreciation of machinery = 0.047 kg/t, (see Table A.J-38a). Solar transformity
for machine equipment = 2.60 x 10'* sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 2.89 MJ/t, (see Table A.J-38a).

Costs for human services = O & M costs = 63.68 SEK/t, (see Table A.J-38a).

Capital costs = 12.19 SEK/t, (see Table A.J-38a).
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Y, Tree biomass yield: HHV =20.9 MJ/kg, (see Table A.B-1c). Solar emergy = solar
emergy of (Y, +F,)=(841.87+5.14+0.12 + 10.05 + 1.92) x 10" sej/t, =859.11 x 10"
sej/t, . Solar transformity = 859.11 x 10'*/2.09 x 10" sej/J = 41,106 sej/J.

F, Comminution:

q Direct energy required = 54.78 M/t (see Table A.J-39).

r  Mass depreciation of machinery = 0.015 kg/t, , and the solar transformity for machine
equipment = 2.24 x 10'? sej/kg (See Table A.J-39).

s Costs for human services = O & M costs = 23.79 SEK/t, (see Table A.J-39).

t  Capital costs = 3.85 SEK/t, (see Table A.J-39).

Y, Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-1c). Solar emergy = solar
emergy of (Y, +F,)=(859.11 +2.62 +0.03 + 3.76 + 0.61) x 10'* sej/t, =866.13 x 10"
sej/t, . Solar transformity = 866.13 x 10'*/2.09 x 10" sej/J = 41,442 sej/J.
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Table A.I-8 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 124.5 124.5 124.5 124.5 124.5
Inputs fed back from society (i.e. purchased)
F1+F2+F3+F4 from FinalFell [x 10" sej/t, 147.0 47.0 47.0 47.0 47.0
F5 [x 10" sej/t, ] 177.4 177.4 177.4 177.4 177.4
F6 [x 10" sej/t, ] 25.4 25.4 25.4 254 25.4
F7 (Conversion) [x 10" sej/t, ] 144.1 103.2 147.5 195.8 184.9
Solar emergy yields of products
Y5 [x 10" sej/t, ] 349.0 349.0 349.0 349.0 349.0
Y6 [x 10 sej/t, ] 374.4 374.4 374.4 374.4 374.4
Y7 (Final product) [x 10" sej/t, ] 518.4 471.5 521.8 570.2 559.3
Solar transformities
e) After saw milling [sej/J] 17,536 17,536 17,536 17,536 17,536
(f) After road transport [sej/J] 18,812 18,812 18,812 18,812 18,812
(g) After conversion [sej/J] 31,548 80,908 56,166 40,509 47,694
(g) Heat generated at CHP [sej/J] 35,951
Net solar emergy yield ratio
V. After saw milling 1.55 1.55 1.55 1.55 1.55
VI. After road transport 1.50 1.50 1.50 1.50 1.50
VII. After conversion 1.32 1.35 1.31 1.28 1.29
Solar emergy investment ratio
V. After saw milling 1.80 1.80 1.80 1.80 1.80
VI. After road transport 2.01 2.01 2.01 2.01 2.01
VII. After conversion 3.16 2.84 3.19 3.58 3.49
Primary energy required at conversion
[MIt, 1 251.05 818.88 1108.44 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 16.43 5.90 9.29 14.07 11.73
Amount of heat produced at CHP
[Grt, ] 13.28
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 0.44 0.16 0.25 0.38 0.32
Amount of heat produced at CHP
[GJ/(ha x year)] 0.36
E(output)/E(primary energy input 78.0% 88.6% 42.4% 62.7% 53.1%
including biomass)
E(output)/E(primary energy input 13.9 11.0 4.6 5.6 5.4
excluding biomass)
Cost of energy carrier
SEK/GJ 114.41 9291 175.39 126.30 155.66
SEK/MWh 411.86 334.48 631.39 454.69 560.36
€/GJ 12.55 10.19 19.23 13.85 17.07
Cost of heat at CHP
SEK/GJ 67.25
SEK/MWh 242.09
€/GJ 7.37
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Footnotes to Table A.I-8

Biomass input:

HHV,_  vees = 20.9 MI/kg,  (see Table A.B-1c). The solar transformity was assumed as
equal to the solar transformity of the biomass after road transport of roundwood (Y, in
Table A.I-1). Solar emergy = (annual flow) x (solar transformity)

Saw milling:

From environmental accounts by Stora Enso Timber (saw mills in Gruvon, Ala, Kop-
parfors and Linghed, Sweden), an estimated 35 kWh/m®_ of electricity was required.
Density of timber was assumed as 420 kg/m3fpb, according to data in Table A.B-2. Thus,
the amount of electricity required = 35 x 10° x 3600 / 0.420 J/t, =3.00 x 108 J/t_ .

Solar transformity for Swedish hydroelectricity = 8.02 x 10 sej/J (Odum, 1996).

The mass depreciation of machinery and the transformity for machine equipment at saw
milling were assumed as equal to the mass depreciation of machinery and the transfor-
mity at comminution, i.e. 0.015 kg/t, and 2.24 x 10" sej/kg respectively (see Table A.J-
39).

Expendables at saw milling were assumed as 100 SEK/m3fpb. The expendables per t, =
100/0.420 SEK/t, =238.10 SEK/t .

Costs of human services at saw milling were assumed as 200 SEK/m3fph. Costs of human
services per t, =200/0.420 SEK/t, =467.19 SEK/t, .

Capital investment at saw milling was assumed as 100 SEK/m? o Capital investment per
t, =100/0.420 SEK/t, =238.10 SEK/t, .

Dry matter losses at storage = 1.8% (see Table A.G-1, footnote d). 0.018 x 1.99 x 10" J/t
=3.58x 108 )/t .

HHV | chips = 199 MJ/kg, (see Table A.B-1). Solar emergy = solar emergy of (Y, + F,)
=(171.54 + 24.06 + 0.03 + 37.60 + 75.19 + 37.60 + 2.94) x10"? sej/t, = 348.96 x 10"
sej/t,, . Solar transformity = 348.96 x 10"/ 1.99 x 10" sej/J = 17,536 sej/J.

Road transport:

Direct energy required = 148.89 MJ/t, (see Table A.J-38c).

Mass depreciation of machinery = 0.072 kg/t, (see Table A.J-38¢c). Solar transformity
for machine equipment = 2.60 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 4.43 MJ/t, (see Table A.J-38c).

Costs for human services = O & M costs = 94.83 SEK/t, (see Table A.J-38c).

Capital costs = 19.66 SEK/t, (see Table A.J-38c).

Tree biomass yield: HHV = 19.9 MJ/kg, = (see Table A.B-Ic). Solar emergy = solar
emergy of (Y, +F,)=(348.96+7.13+0.19 + 14.97 + 3.10) x 10" sej/t, =374.36x 10"
sej/t,, . Solar transformity = 374.36 x 10"/ 1.99 x 10" sej/J = 18,812 sej/J.
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Table A.I-9 continued: Summary of inputs, yields, solar transformities and investment indi-

ces
District CHP Electric ~ Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 124.5 124.5 124.5 124.5 124.5
Inputs fed back from society (i.e. purchased)
F1+F2+F3+F4 from FinalFell [x 10" sej/t, 147.0 47.0 47.0 47.0 47.0
F5 [x 10" sej/t, ] 176.3 176.3 176.3 176.3 176.3
F6 [x 10" sej/t, ] 25.4 254 25.4 25.4 25.4
F7 (Conversion) [x 10" sej/t, ] 144.1 103.2 147.5 195.8 184.9
Solar emergy yields of products
YS [x 10" sej/t, ] 347.8 347.8 347.8 347.8 347.8
Y6 [x 10" sej/t, ] 373.2 373.2 373.2 373.2 373.2
Y7 (Final product) [x 10 sej/t, ] 517.3 476.4 520.7 569.0 558.1
Solar transformities
(e) After saw milling [sej/J] 17,478 17,478 17,478 17,478 17,478
(f) After road transport [sej/J] 18,755 18,755 18,755 18,755 18,755
(g) After conversion [sej/J] 31,479 80,715 56,043 40,428 47,596
(g) Heat generated at CHP [sej/J] 35,865
Net solar emergy yield ratio
V After saw milling 1.56 1.56 1.56 1.56 1.56
VI. After road transport 1.50 1.50 1.50 1.50 1.50
VII. After conversion 1.32 1.35 1.31 1.28 1.29
Solar emergy investment ratio
V. After saw milling 1.79 1.79 1.79 1.79 1.79
VI. After road transport 2.00 2.00 2.00 2.00 2.00
VII. After conversion 3.15 2.83 3.18 3.57 3.48
Primary energy required at conversion
[MJt, ] 251.05 818.88 1108.44 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 16.43 5.90 9.29 14.07 11.73
Amount of heat produced at CHP
[GIrt, ] 13.28
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 1.19 0.43 0.67 1.02 0.85
Amount of heat produced at CHP
[GJ/(ha x year)] 0.96
E(output)/E(primary energy input 78.0% 88.6% 42.4% 62.7% 53.1%
including biomass)
E(output)/E(primary energy input 13.9 11.0 4.6 5.6 5.4
excluding biomass)
Cost of energy carrier
SEK/GJ 114.41 9291 175.39 126.30 155.66
SEK/MWh 411.86 334.48 631.39 454.69 560.36
€/GJ 12.55 10.19 19.23 13.85 17.07
Cost of heat at CHP
SEK/GJ 67.25
SEK/MWh 242.09
€/GJ 7.37
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Footnotes to Table A.I-9

Biomass input:

F 5
a—¢

f

Y
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HHV,_ ivoed = 20.9 MI/kg,  (see Table A.B-1c). The solar transformity was assumed as
equal to the solar transformity of the biomass after road transport of roundwood (Y, in
Table A.I-1). Solar emergy = (annual flow) x (solar transformity)

Saw milling:

See footnotes to Table A.I-8.

Dry matter losses at storage = 1.1% (see Table A.G-1, footnote e). 0.011 x 1.99 x 10" J/t
=2.19x10°Jit .

HHV_ .= 19.9 MJ/kg, (see Table A.B-Ic). Solar emergy = solar emergy of (Y, + F,)
= (171.54 + 24.06 + 0.03 + 37.60 + 75.19 + 37.60 + 1.80) x 10'* sej/t, =347.82 x 10"
sej/t, . Solar transformity = 347.82 x 10"/ 1.99 x 10" sej/J = 17,478 sej/J.

Road transport:

Direct energy required = 148.89 MJ/t, (see Table A.J-38c¢).

Mass depreciation of machinery = 0.072 kg/t, (see Table A.J-38c). Solar transformity
for machine equipment = 2.60 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 4.43 MJ/t, (see Table A.J-38c).

Costs for human services = O & M costs = 94.83 SEK/t, (see Table A.J-38c).

Capital costs = 19.66 SEK/t,  (see Table A.J-38¢).

Tree biomass yield: HHV = 19.9 MJ/kg, = (see Table A.B-Ic). Solar emergy = solar
emergy of (Y, +F,)=(347.82+7.13+0.19 + 14.97 + 3.10) x 10" sej/t, =373.22x 10"
sej/t, . Solar transformity = 373.22 x 10"/ 1.99 x 10" sej/J = 18,755 sej/J.
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Table A.I-10 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 124.5 124.5 124.5 124.5 124.5
Inputs fed back from society (i.e. purchased)
F1+F2+F3+F4 from FinalFell [x 10" sej/t, 147.0 47.0 47.0 47.0 47.0
F5 [x 10" sej/t, ] 181.0 181.0 181.0 181.0 181.0
F6 [x 10" sej/t, ] 25.8 25.8 25.8 25.8 25.8
F7 (Conversion) [x 10" sej/t, ] 148.1 104.9 1253 199.3 188.6
Solar emergy yields of products
YS [x 10" sej/t, ] 352.6 352.6 352.6 352.6 352.6
Y6 [x 10" sej/t, ] 378.4 378.4 378.4 378.4 378.4
Y7 (Final product) [x 10 sej/t, ] 526.4 483.2 503.7 577.7 567.0
Solar transformities
(e) After saw milling [sej/J] 17,199 17,199 17,199 17,199 17,199
(f) After road transport [sej/J] 18,458 18,458 18,458 18,458 18,458
(g) After conversion [sej/J] 31,097 79,477 52,629 39,841 46,938
(g) Heat generated at CHP [sej/J] 35,315
Net solar emergy yield ratio
V. After saw milling 1.55 1.55 1.55 1.55 1.55
VI. After road transport 1.49 1.49 1.49 1.49 1.49
VII. After conversion 1.31 1.35 1.33 1.27 1.28
Solar emergy investment ratio
V. After saw milling 1.83 1.83 1.83 1.83 1.83
VI. After road transport 2.04 2.04 2.04 2.04 2.04
VII. After conversion 3.23 2.88 3.05 3.64 3.55
Primary energy required at conversion
[MIt, ] 251.05 818.88 1141.86 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 16.93 6.08 9.57 14.50 12.08
Amount of heat produced at CHP
[GIrt, ] 13.68
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 1.92 0.69 1.09 1.65 1.37
Amount of heat produced at CHP
[GJ/(ha x year)] 1.55
E(output)/E(primary energy input 78.1% 88.8% 42.4% 62.9% 53.3%
including biomass)
E(output)/E(primary energy input 143 11.3 4.6 5.7 5.6

excluding biomass)

Cost of energy carrier

SEK/GJ 112.64 91.33 154.66 124.24 153.19
SEK/MWh 405.51 328.80 556.79 447.27 551.47
€/GJ 12.35 10.02 16.96 13.62 16.80
Cost of heat at CHP

SEK/GJ 65.67

SEK/MWh 236.41

€/GJ 7.20
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Footnotes to Table A.I-10

Biomass input:

Fi

HHV, ivoes = 20.9 MI/kg,  (see Table A.B-1c). The solar transformity was assumed as
equal to the solar transformity of the biomass after road transport of roundwood (Y, in
Table A.I-1). Solar emergy = (annual flow) x (solar transformity)

Saw milling:

a—e See footnotes to Table A.I-8.

f

Y

5

j=p0is}

Dry matter losses at storage = 3.9% (see Table A.G-1, footnote ). 0.039 x 2.05 x 10" J/t,
=8.00x 10%J/t, .

HHV, ., =205 MJ/kg, (see Table A.B-1). Solar emergy = solar emergy of (Y, + F,) =
(171.54 + 24.06 + 0.03 + 37.60 + 75.19 + 37.60 + 6.56) x 10" sej/t, = 352.58 x 10"
sej/t,, . Solar transformity = 352.58 x 10"/ 2.05 x 10" sej/J = 17,199 sej/J.

Road transport:

Direct energy required = 151.32 MJ/t, (see Table A.J-38¢).

Mass depreciation of machinery = 0.073 kg/t, (see Table A.J-38c). Solar transformity
for machine equipment = 2.60 x 10'* sej/kg (See Table A.H-7). The amount of embodied
energy in machinery = 4.50 MJ/t, (see Table A.J-38c).

Costs for human services = O & M costs = 96.37 SEK/t, (see Table A.J-38c).

Capital costs = 19.98 SEK/t, (see Table A.J-38¢).

Tree biomass yield: HHV = 20.5 MJ/kg, (see Table A.B-lc). Solar emergy = solar
emergy of (Y, +F)=(352.58 +7.25+0.19 + 1522 + 3.16) x 10" sej/t, =378.39 x 10"
sej/t,, . Solar transformity = 378.39 x 10"/ 2.05 x 10" sej/J = 18,458 sej/J.
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Table A.I-11 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 40.3 40.3 40.3 40.3 40.3
Inputs fed back from society (i.e. purchased)
FI [x 107 sej/t, ] 88.3 88.3 88.3 88.3 88.3
F2 [x 10" sej/t, ] 12.6 12.6 12.6 12.6 12.6
F3 [x 107 sej/t, ] 26.0 26.0 26.0 26.0 26.0
F4 [x 107 sej/t, ] 7.0 7.0 7.0 7.0 7.0
F5 (Conversion) [x 10" sej/t, ] 142.1 102.4 1453 194.1 183.1
Solar emergy yields of products
Y1 [x 10" sej/t, ] 128.5 128.5 128.5 128.5 128.5
Y2 [x 10" sej/t, ] 141.1 141.1 141.1 141.1 141.1
Y3 [x 10" sej/t, ] 167.1 167.1 167.1 167.1 167.1
Y4 [x 10" sej/t, ] 174.1 174.1 174.1 174.1 174.1
Y5 (Final product) [x 10 sej/t, ] 316.2 276.5 319.4 368.2 357.2
Solar transformities
(a) Cultivation [sej/J] 6557 6557 6557 6557 6557
(b) After harvesting and field transp. [sej/J] 7545 7545 7545 7545 7545
(c) After road transport [sej/J] 8524 8524 8524 8524 8524
(d) After comminution [sej/J] 8883 8883 8883 8883 8883
(e) After conversion [sej/J] 19,536 47,556 34,899 26,559 30,925
(e) Heat generated at CHP [sej/J] 21,131
Net solar emergy yield ratio
1. Cultivation 1.46 1.46 1.46 1.46 1.46
II. After harvesting and field transport 1.40 1.40 1.40 1.40 1.40
II1. After road transport 1.32 1.32 1.32 1.32 1.32
IV. After comminution 1.30 1.30 1.30 1.30 1.30
V. After conversion 1.15 1.17 1.14 1.12 1.13
Solar emergy investment ratio
1. Cultivation 2.19 2.19 2.19 2.19 2.19
II. After harvesting and field transport 2.51 2.51 2.51 2.51 2.51
III. After road transport 3.15 3.15 3.15 3.15 3.15
IV. After comminution 3.33 3.33 3.33 3.33 3.33
V. After conversion 6.86 5.87 6.93 8.15 7.87
Primary energy required at conversion
[MIt, ] 251.05 818.88 1091.73 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 16.19 5.81 9.15 13.86 11.55
Amount of heat produced at CHP
[GIrt, ] 13.08
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)]  132.49 47.59 7491 113.48 94.54
Amount of heat produced at CHP
[GJ/(ha x year)] 107.09

E(final product)/E(primary energy input  78.3% 88.9% 42.5% 62.9% 53.3%
including biomass)

E(output)/E(primary energy input 15.0 11.5 4.8 5.7 5.6
excluding biomass)
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Table A.I-11 continued

Cost of energy carrier

SEK/GJ 81.55 64.81 117.28 87.95 109.62
SEK/MWh 293.59 233.30 422.21 316.61 394.63
€/GJ 8.94 7.11 12.86 9.64 12.02
Cost of heat at CHP

SEK/GJ 39.14

SEK/MWh 140.91

€/GJ 4.29

Footnotes to Table A.I-11

I

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

Solar emergy = solar emergy of transpired rain = 352.44 x 10'? sej/(ha x year). The pro-
duction of biomass was assumed as 5% greater than the yield (Y,), according to Doherty,
Nilsson & Odum (2002). The biomass yield received during a 22-year rotation period was
assumed as 183 t, /ha, according to the Swedish Energy Agency (2003c). Thus, the solar
emergy = 352.44 x 10" x 0.95 / (183 / 22) sej/t, = 40.25 x 10" sej/t, .
Agricultural inputs:
The number of cuttings planted = 14,000 ha'!' (Sjostrom, 2004). Willow cuttings = [(14,000
cuttings/ha planted) / (60 cuttings/stool)] / [(14,000 stools/harvest) x (7 harvests/22 years
rotation period)] = 0.24% of total harvested biomass.
(0.0024) x (183 t, produced/(ha x 22 years)) = 0.4357 t, cuttings/(ha x 22 years).
(0.4357 t, cuttings/(ha x 22 years)) x (19.6 x 10° J/t, ) / (22 years/rotation period) =
3.882 x 10® J/(ha x year) = 388.2 MJ/(ha x year). The solar transformity was assumed as
equal to the solar transformity of the willow yield after road transport (Y).
The amount of energy required for the production of cuttings was assumed as equal to
the amount of diesel oil required for willow production. The total amount of diesel oil
required (excluding comminution) = (67.61 + 49.94 + 146.47) MJ/t, = 264.02 M/t .

orimary — Lieseloit X (Primary energy conversion factor), . .. E iy = 204.02x 1.14 M,
=300.98 MJ/t, . E imary. ot = 300.98 x 0.4357 /22 MJ/(ha x year = 5.96 MJ/(ha x year).
=(388.2 + 5.96) MJ/(ha x year) = 394.16 MJ/(ha x year).

Cutings, oral — 39416/ (183 /22) MI/t, = 47.39 MU/t .
80 kg/ha and 120 kg/ha of nitrogen were added seven times respectively during the rota-
tion period (see Chapter 3). Thus, the annual amount of nitrogen added = (80 x 7 + 120
x 7) / 22 kg/(ha x year) = 63.6 kg/(ha x year). Solar transformity for nitrogen in nitrogen
fertilizer = 4.60 x 10" sej/kg (Odum, 1996). Solar emergy for N fertilizer = 63.6 x 4.60 x
10'2 sej/(ha x year) = 292.43 x 10'? sej/(ha x year).
22 kg/ha of phosphorus was added seven times during the rotation period (see Chapter 3).
Thus, the annual amount of phosphorus added = 22 x 7 / 22 kg/(ha x year) = 7.0 kg/(ha
x year). Solar transformity for phosphorus in phosphorus fertilizer = 1.78 x 10" sej/kg
(Odum, 1996). Solar emergy for P fertilizer = 7.0 x 1.78 x 10" sej/(ha x year) = 124.60 x
10'2 sej/(ha x year).
73 kg/ha of potassium was added seven times during the rotation period (see Chapter 3).
Thus, the annual amount of potassium added = 73 x 7/ 22 kg/(ha x year) = 23.2 kg/(ha x
year). Solar transformity for potassium in potassium fertilizer = 1.74 x 10'? sej/kg (Odum,
1996). Solar emergy for K fertilizer = 23.2 x 1.74 x 10" sej/(ha x year) = 40.37 x 10"
sej/(ha x year).
Total amount of fertilizer = (63.6 + 7.0 + 23.2) kg/(ha x year) = 93.77 kg/(ha x year).
Total solar emergy = (292.43 + 124.60 + 40.37) x 10" sej/(ha x year) = 457.40 x 102
sej/(ha x year). Total solar transformity for all fertilizers = 457.40 x 10'2/93.77 sej/kg =
4.88 x 10'? sej/kg.
Energy embodied in the fertilizers is estimated by Borjesson (1996) to be 48 MJ/kg for

Cuttings, total
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nitrogen, 7.9 MJ/kg for phosphorus and 4.8 MJ/kg for potassium. The energy amount
embodied in fertilizers used per hectare and year = (63.6 x 48 + 7.0 x 7.9 + 23.2 x 4.8)
M1J/(ha x year) = 3219.46 MJ/(ha x year). The energy amount embodied in fertilizers used
per ton of dry matter = 3219.46 / (183 /22) MI/t, =387.04 M/t .

Energy embodied in herbicides is estimated by Borjesson (1996) to be 120 MJ/kg. The
total application dose during a rotation period of willow cultivation was 21.0 litre/ha.
Density of Roundup Bio = 1.17 kg/l (Monsanto Crop Sciences, 2004 (URL)). The den-
sity of cougar was assumed as equal to the density of Roundup Bio. The energy amount
embodied in herbicides used per hectare and year = 120 x 1.17 x 21.0 / 22 MJ/(ha x year)
= 134.02 MJ/(ha x year). Solar transformity for herbicides = 66,000 sej/J (Doherty, Nils-
son & Odum, 2002).

E, e = 134.02/ (183 /22) MI/t, = 16.11 M/t .

The sum of direct energy required at harrowing, mechanical weed control, clearing of
stones, rolling, planting, trimming, spreading of herbicides and fertilizers and rotary cul-
tivation = 562.36 MJ/(ha x year) (see Table A.J-15).The sum of direct energy required per
metric ton of dry matter = 562.36 / (183 / 22) MJ/t, = 67.61 M/t .

The mass depreciation of machinery per hectare and year = the wear per hectare x number
of operations per rotation period. The sum of mass depreciation of machinery at cultiva-
tion of willow = 1.139 kg/(ha x year). Solar transformity for machine equipment = 2.46
x10'% sej/kg (see Table A.J-15).

The sum of embodied energy in machinery at harrowing, mechanical weed control, clear-
ing of stones, rolling, planting, trimming, spreading of herbicides, fertilization and rotary
cultivation = 7.21 MJ/t, (see Table A.J-15).

Total expendables (cuttings, herbicides and fertilizers) = 1069.95 SEK/(ha x year) (see
Table A.J-15).

Costs for human services = variable costs minus expendables = 515.35 SEK/(ha x year)
(see Table A.J-15).

Capital costs = 146.80 SEK/(ha x year) (see Table A.J-15).

The production of biomass was assumed as 5% greater than the yield (Y,), according to
Doherty, Nilsson & Odum (2002). Thus, the biomass production = 1.630 x 10" / 0.95
J/(ha x year) = 1.716 x 10" J/(ha x year). Solar emergy = solar emergy of transpired rain
+ solar emergy of silvicultural inputs = (352.44 x 10" + 772.82 x 10'?) sej/(ha x year) =
1125.26 x 10'* sej/(ha x year). The yield of biomass = 183 t, /ha during a 22-year rotation
period (see Table 3-2). The annual yield = 183 /22t _/ha=8.318 t,_/ha. Solar emergy =
112526 x 102 x 0.95/ 8.318 sej/t, = 128.51 x 10" sej/t, .

Solar transformity = 1.125 x 10/ 1.716 x 10" sej/J = 6557 sej/J.

Harvesting and field transport:

The amount of direct energy required at harvesting and field transport of willow = 415.37
M1J/(ha x year) (see Table A.J-28). The sum of direct energy required per metric ton of dry
matter =415.37 /(183 /22) MI/t, =49.94 Mk, .

Wear at harvesting and field transport = 2.339 kg/ha (see Table A.J-28). The mass depre-
ciation of machinery = 2.339 x 7/ 22 kg/(ha x year) = 0.744 kg/(ha x year). Solar trans-
formity for machine equipment = 2.01 x 10° sej/g (see Table A.J-28).

The sum of embodied energy in machinery at harvesting and field transport = 4.06 MJ/t,
(see Table A.J-28).

Costs for human services = O & M costs = 230.70 SEK/(ha x year) (see Table A.J-28).
Capital costs = 177.04 SEK/(ha x year) (see Table A.J-28).

Dry matter losses at storage = 1.7% (see Table A.G-1, footnote g). 0.017 x 1.96 x 10" J/t
=292x10°J1t, .

HHV , . =19.6 Ml/kg, (see Table A.B-1c). Thus, the annual yield of biomass = 183
x 19.6 x 10° / 22 J/(ha x year) = 1.630 x 10" J/(ha x year). Solar emergy = solar emergy
of (Y, +F) = (112526 + 19.90 + 1.50 + 36.43 + 27.95 + 19.13) x 10'* sej/(ha x year) =
1230.16 x 10'? sej/(ha x year). Solar emergy per metric ton of dry matter = (1125.26 x
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0.95+19.90 + 1.50 +36.43 +27.95 + 19.13) x 10'*/ 8.318 sej/t, = 141.12 sej/t, .
Solar transformity = 1230.16 x 10"/ 1.630 x 10! sej/J = 7545 sej/J.

Road transport:

Direct energy required per t, at road transport of willow = 146.47 MJ/t,_(see Table A.J-
38Db).

Mass depreciation of machinery = 0.077 kg/t, (see Table A.J-38b). Solar transformity
for machine equipment = 2.60 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in trucks used = 4.75 MJ/t, (see Table A.J-38b).

Costs for human services = O & M costs = 98.69 SEK/t, (see Table A.J-38b).

Capital costs = 19.99 SEK/t  (see Table A.J-38b).

HHV .. =19.6 Ml/kg, (see Table A.B-1c). Solar emergy = solar emergy of (Y, + F,) =
(141.12+7.02+0.20 + 15.58 + 3.16) x 10" sej/t, = 167.08 x 10" sej/t, .

Solar transformity = 167.08 x 10"/ 1.96 x 10'° sej/J = 8524 sej/J.

Comminution:

Direct energy required per t, at comminution of trees from early thinnings = 54.78 MJ/
t, . (see Table A.J-39).

Mass depreciation of machinery = 0.015 kg/t, , and the solar transformity for machine
equipment = 2.24 x 10'? sej/kg (See Table A.J-39).

Costs for human services = O & M costs = 23.79 SEK/t,_ (see Table A.J-39).

Capital costs = 3.85 SEK/t, (see Table A.J-39).

HHV .. =19.6 Ml/kg, (see Table A.B-1c). Solar emergy = solar emergy of (Y, + F,) =
(167.08 +2.62 +0.03 +3.76 + 0.61) x 10" sej/t, =174.10 x 10" sej/t, .

Solar transformity = 174.10 x 10"/ 1.96 x 10'° sej/J = 8883 sej/J.
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Table A.I-12 continued: Summary of inputs, yields, solar transformities and investment indi-

ces
District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 54.6 54.6 54.6 54.6 54.6
Inputs fed back from society (i.e. purchased)
FI [x 107 sej/t, ] 95.3 95.3 95.3 95.3 95.3
F2 [x 10" sej/t, ] 6.7 6.7 6.7 6.7 6.7
F3 [x 107 sej/t, ] 539 53.9 53.9 53.9 53.9
F4 [x 107 sej/t, ] 33.1 33.1 33.1 33.1 33.1
F5 [x 10" sej/t, ] 20.3 20.3 20.3 20.3 20.3
F6 (Conversion) [x 10" sej/t, ] 132.9 98.5 134.9 186.0 174.5
Solar emergy yields of products
Y1 [x 10" sej/t, ] 149.9 149.9 149.9 149.9 149.9
Y2 [x 10" sej/t, ] 156.5 156.5 156.5 156.5 156.5
Y3 [x 10" sej/t, ] 210.4 210.4 2104 210.4 210.4
Y4 [x 10" sej/t, ] 243.5 243.5 243.5 243.5 243.5
YS [x 10" sej/t, ] 263.8 263.8 263.8 263.8 263.8
Y6 (Final product) [x 10" sej/t, ] 396.7 362.3 398.7 449.8 438.2
Solar transformities
(a) Cultivation [sej/J] 8234 8234 8234 8234 8234
(b) After harvesting [sej/J] 9034 9034 9034 9034 9034
(c) After baling, field transport and storage
[sej/l] 11,995 11,995 11,995 11,995 11,995
(d) After road transport [sej/J] 13,378 13,378 13,378 13,378 13,378
(e) After comminution [sej/J] 14,494 14,494 14,494 14,494 14,494
(f) After conversion [sej/J] 26,391 67,111 46,917 34,941 40,863
(f) Heat generated at CHP [sej/J] 29,820
Net solar emergy yield ratio
1. Cultivation 1.57 1.57 1.57 1.57 1.57
II After harvesting 1.54 1.54 1.54 1.54 1.54
III. After baling, field transport and storage ~ 1.35 1.35 1.35 1.35 1.35
IV. After road transport 1.29 1.29 1.29 1.29 1.29
V. After comminution 1.26 1.26 1.26 1.26 1.26
VI. After conversion 1.16 1.18 1.16 1.14 1.14
Solar emergy investment ratio
I Cultivation 1.75 1.75 1.75 1.75 1.75
II. After harvesting 1.87 1.87 1.87 1.87 1.87
III. After baling, field transport and storage ~ 2.86 2.86 2.86 2.86 2.86
IV. After road transport 3.46 3.46 3.46 3.46 3.46
V. After comminution 3.83 3.83 3.83 3.83 3.83
VI. After conversion 6.27 5.64 6.31 7.24 7.03
Primary energy required at conversion
[MIt, ] 251.05 818.88 1013.75 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 15.03 5.40 8.50 12.87 10.72
Amount of heat produced at CHP
[GIrt, ] 12.15
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 92.58 33.25 52.34 79.29 66.06
Amount of heat produced at CHP
[GJ/(ha x year)] 74.83
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Table A.I-12 continued

E(output)/E(primary energy input 76.7% 87.1% 41.8% 61.5% 52.1%
including biomass)
E(output)/E(primary energy input 10.8 9.0 4.0 4.7 4.5

excluding biomass)

Cost of energy carrier

SEK/GJ 101.16 81.77 151.95 110.83 137.09
SEK/MWh 364.16 294.37 547.03 399.00 493.53
€/GJ 11.09 8.97 16.66 12.15 15.03
Cost of heat at CHP

SEK/GJ 56.11

SEK/MWh 201.99

€/GJ 6.15

Footnotes to Table A.I-12

I

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

Solar emergy = solar emergy of transpired rain = 352.44 x 10'? sej/(ha x year). The pro-
duction of biomass was assumed as 5% greater than the yield (Y,), according to Doherty,
Nilsson & Odum (2002). The biomass yield received during an 11-year rotation period
was assumed as 67.5 t, /ha, according to Olsson et al. (2001). Thus, the solar emergy =
352.44x 107 x0.95/(67.5/11) sej/t, =54.56 x 10" sej/t, .

Agricultural inputs:

The amount of seeds used in reed canary grass cultivation = 15 kg/ha (Olsson ef al.,
2001). HHV of the seeds was assumed as equal to the HHV of reed canary grass, i.e.
18.2 MJ/kg, . The moisture content of the seeds was assumed as 0%. Eg_, . =15 x
18.2 /11 MJ/(ha x year) = 24.82 MJ/(ha x year).

The energy use in production of reed canary grass seeds was estimated by Borjesson
(1996) to be 79 MJ/kg. E =79 x 15/ 11 MJ/(ha x year) = 107.73 MJ/(ha x

Seed production

year).

Eoets o = (24.82 +107.73) MJ/(ha x year) = 132.55 MJ/(ha x year). The solar transfor-
mity of seeds = 16,100 sej/J (Andresen, Bjorklund & Rydberg, 2000).

Eqoets o = 132.55/(67.5/11) M/t =21.60 MJ/t, .

540 kg/ha of nitrogen was added during the rotation period (see Chapter 3). Thus, the
annual, average amount of nitrogen added = 540 / 11 kg/(ha x year) = 49.09 kg/(ha x
year). Solar transformity for nitrogen in nitrogen fertilizer = 4.60 x 10" sej/kg (Odum,
1996). Solar emergy for N fertilizer = 49.09 x 4.60 x 10'2 sej/(ha x year) = 225.8 x 102
sej/(ha x year).

70 kg/ha of phosphorus was added during the rotation period (see Chapter 3). Thus, the
annual, average amount of phosphorus added = 70 / 11 kg/(ha x year) = 6.36 kg/(ha x
year). Solar transformity for phosphorus in phosphorus fertilizer = 1.78 x 10" sej/kg
(Odum, 1996). Solar emergy for P fertilizer = 6.36 x 1.78 x 10'* sej/(ha x year) = 113.3 x
10'% sej/(ha x year).

290 kg/ha of potassium was added during the rotation period (see Chapter 3). Thus, the
annual, average amount of potassium added = 290 / 11 kg/(ha x year) = 26.36 kg/(ha x
year). Solar transformity for potassium in potassium fertilizer = 1.74 x 10'? sej/kg (Odum,
1996). Solar emergy for K fertilizer = 26.36 x 1.74 x 10 sej/(ha x year) = 45.9 x 102
sej/(ha x year).

Total amount of fertilizer = (49.09 + 6.36 + 26.36) kg/(ha x year) = 81.82 kg/(ha x year).
Total solar emergy = (225.8 + 113.3 +45.9) x 10" sej/(ha x year) = 385.0 x 10'? sej/(ha x
year). Total solar transformity for all fertilizers = 385.0 x 102/ 81.82 sej/kg =4.71 x 102
sej/kg.

Energy embodied in the fertilizers is estimated by Borjesson (1996) to be 48 MJ/kg for
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nitrogen, 7.9 MJ(kg for phosphorus and 4.8 MJ/kg for potassium. The energy amount
embodied in fertilizers used per hectare and year = (49.1 x 48 + 6.4 x 7.9 + 26.4 x 4.8)
MJ/(ha x year) = 2595.18 MJ/(ha x year). The energy amount embodied in fertilizers used
per ton of dry matter = 2595.18 / (67.5/ 11) MI/t, =422.92 M/t .

The sum of direct energy required at harrowing, rolling, sowing, fertilization, disk harrow
ploughing and ploughing = 517.64 MJ/(ha x year) (see Table A.J-16a).The sum of direct
energy required per metric ton of dry matter = 517.64 / (67.5 / 11) MJ/t, = 84.36 MJ/
t .

lé‘ﬁe mass depreciation of machinery per hectare and year = the wear per hectare x number
of operations per rotation period. The sum of mass depreciation of machinery at cultiva-
tion of reed canary grass = 1.126 kg/(ha x year). Solar transformity for machine equip-
ment =2.37 x10'? sej/kg (see Table A.J-16a).

The sum of embodied energy in machinery at harrowing, rolling, sowing, fertilization,
disk harrow ploughing and ploughing = 11.44 MJ/t, (see Table A.J-16a).

Total expendables (seeds and fertilizers) = 693.94 SEK/(ha x year) (see Table A.J-16a).
Costs for human services = variable costs minus expendables = 459.56 SEK/(ha x year)
(see Table A.J-16a).

Capital costs = 119.19 SEK/(ha x year) (see Table A.J-16a).

The production of biomass was assumed as 5% greater than the yield (Y,), according to
Doherty, Nilsson & Odum (2002). Thus, the biomass production = 1.117 x 10" / 0.95
J/(ha x year) = 1.176 x 10" J/(ha x year). Solar emergy = solar emergy of transpired rain
+ solar emergy of agricultural inputs = (352.44 x 10"+ 615.52 x 10'?) sej/(ha x year) =
967.96 x 10" sej/(ha x year). The yield of biomass = 67.5 t /ha during a 11-year rotation
period (see Table 3-3). The annual yield = 67.5/11t, /ha=6.136 t, /ha. Solar emergy =
967.96 x 10> x 0.95/ 6.136 sej/t, = 149.85 x 10" sej/t, .

Solar transformity = 967.96 x 10"/ 1.176 x 10" sej/J = 8234 sej/J.

Harvesting:

The amount of direct energy required = 169.46 MJ/(ha x year) (see Table A.J-29). The
sum of direct energy required per metric ton of dry matter = 169.46 / (67.5 / 11) MI/t, =
27.62 Ml .

Wear = 0.269 kg/ha (see Table A.J-29). Mass depreciation of machinery = 0.269 x 9/ 11
kg/(ha x year) = 0.220 kg/(ha x year). Solar transformity for machine equipment = 2.63
x10" sej/kg, and the sum of embodied energy in machinery = 2.26 MJ/t,_ (see Table A.J-
29).

Costs for human services = O & M costs = 161.14 SEK/(ha x year) (see Table A.J-29).
Capital costs = 43.45 SEK/(ha x year) (see Table A.J-29).

HHV_ canary grass = 18.2 MJ/kg, (see Table A.B-1c). Thus, the annual yield of bio-
mass = 67.5 x 18.2 x 10°/ 11 J/(ha x year) = 1.117 x 10" J/(ha x year). Solar emergy =
solar emergy of (Y, + F,) = (967.96 + 8.12 + 0.58 + 25.44 + 6.86) x 10'* sej/(ha x year) =
1008.96 x 10'? sej/(ha x year). Solar emergy per metric ton of dry matter = (967.96 x 0.95
+8.12+0.58 +25.44 + 6.86) x 10'*/ 6.136 sej/t, =156.54 x 10" sej/t, .

Solar transformity = 1008.96 x 102/ 1.117 x 10" sej/J = 9034 sej/J.

Baling, field transport and storage:

The amount of direct energy required at baling and field transport of reed canary grass =
667.01 MJ/(ha x year) (see Table A.J-16b). The sum of direct energy required per metric
ton of dry matter = 667.01 /(67.5 / 11) MI/t, = 108.70 M/t .

Mass depreciation of machinery at baling and field transport = 1.893 kg/(ha x year), the
solar transformity for machine equipment = 2.16 x 10° sej/g and the sum of embodied
energy in machinery at baling and field transport = 14.60 MJ/t, (see Table A.J-16b).
Costs for human services = O & M costs = 998.45 SEK/(ha x year) (see Table A.J-16b).
Capital costs = 867.20 SEK/(ha x year) (see Table A.J-16b).

The annual yield of biomass = 1.117 x 10" J/(ha x year) (see Y,). Solar emergy = solar
emergy of (Y, + F,) = (1008.96 + 31.95 + 4.09 + 157.66 + 136.93) x 10'* sej/(ha x year)



=1339.60 x 10'? sej/(ha x year). Solar emergy per metric ton of dry matter = (156.54 +
(31.95+4.09 + 157.66 + 136.93) / 6.136) x 10" sej/t, =210.42x 10" sej/t, .

Solar transformity = 1339.60 x 102/ 1.117 x 10" sej/J = 11,995 sej/J.

Road transport:

Direct energy required = 208.87 MJ/t, (see Table A.J-38b).

Mass depreciation of machinery = 0.088 kg/t,  (see Table A.J-38b). Solar transformity for
machine equipment = 2.60 x 10" sej/kg (See Table A.H-7).

The amount of embodied energy in trucks used = 5.47 MJ/t, (see Table A.J-38b).

Costs for human services = O & M costs = 121.55 SEK/t,(see Table A.J-38b).

Capital costs = 23.04 SEK/t, (see Table A.J-38b).

HHV_ canary grass = 18-2 MJ/kg , (see Table A B-1c). Solar emergy = solar emergy of (Y, +
F,)=(210.42+10.01 +0.23 + 19.19 + 3.64) x 10" sej/t, =243.48 x 10" sej/t, .

Solar transformity = 243.48 x 10"/ 1.82 x 10'° sej/J = 13, ,378 sej/l.

Comminution:

Direct energy required = 105.88 MJ/t, (see Table A.J-40).

Mass depreciation of machinery = 0.072 kg/t, , and the solar transformity for machine
equipment = 2.26 x 10'? sej/kg (See Table A.J-40).

Costs for human services = O & M costs = 59.63 SEK/t,_ (see Table A.J-40).

Capital costs = 14.15 SEK/t, (see Table A.J-40).

HHV_ canary grass = 18-2 MJ/kg, (see Table A.B-1c). Solar emergy = solar emergy of (Y, +
F))=(243.48+8.49+0.16 +9.42 +2.23) x 10" sej/t, =263.79 x 10" sej/t, .

Solar transformity = 263.79 x 10"/ 1.82 x 10'° sej/J = 14,494 sej/J.
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Table A.I-13 continued: Summary of inputs, yields, solar transformities and investment indi-

ces
District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 62.0 62.0 62.0 62.0 62.0
Inputs fed back from society (i.e. purchased)
FI [x 107 sej/t, ] 347.0 347.0 347.0 347.0 347.0
F2 [x 10" sej/t, ] 20.1 20.1 20.1 20.1 20.1
F3 [x 107 sej/t, ] 80.8 80.8 80.8 80.8 80.8
F4 [x 107 sej/t, ] 36.4 36.4 36.4 36.4 36.4
F5 [x 10" sej/t, ] 20.3 20.3 20.3 20.3 20.3
F6 (Conversion) [x 10" sej/t, ] 136.2 99.9 138.6 188.9 177.5
Solar emergy yields of products
Y1 [x 10" sej/t, ] 409.1 409.1 409.1 409.1 409.1
Y2 [x 10" sej/t, ] 429.2 429.2 429.2 429.2 429.2
Y3 [x 10" sej/t, ] 510.0 510.0 510.0 510.0 510.0
Y4 [x 10" sej/t, ] 546.4 546.4 546.4 546.4 546.4
YS [x 10" sej/t, ] 566.7 566.7 566.7 566.7 566.7
Y6 (Final product) [x 10" sej/t, ] 702.8 666.5 705.3 755.5 744.2
Solar transformities
(a) Cultivation of wheat [sej/J] 22,112 22,112 22,112 22,112 22,112
(b) After harvesting of wheat [sej/J] 24,362 24,362 24,362 24,362 24,362
(c) After baling, field transport and storage of straw
[sej/l] 27,857 27,857 27,857 27,857 27,857
(d) After road transport of straw [sej/J] 29,217 29,217 29,217 29,217 29,217
(e) After comminution of straw [sej/J] 30,303 30,303 30,303 30,303 30,303
(f) After conversion of straw [sej/J] 45,513 120,175 80,778 57,125 67,536
(f) Heat generated at CHP [sej/J] 53,399
Net solar emergy yield ratio
1. Cultivation of wheat 1.18 1.18 1.18 1.18 1.18
II. After harvesting of wheat 1.17 1.17 1.17 1.17 1.17
III. After baling, field transport and storage of straw
1.14 1.14 1.14 1.14 1.14
IV. After road transport of straw 1.13 1.13 1.13 1.13 1.13
V. After comminution of straw 1.12 1.12 1.12 1.12 1.12
VI. After conversion of straw 1.10 1.10 1.10 1.09 1.09
Solar emergy investment ratio
1. Cultivation of wheat 5.60 5.60 5.60 5.60 5.60
II. After harvesting of wheat 5.92 5.92 5.92 5.92 5.92
TI1. After baling, field transport and storage of straw
7.22 7.22 7.22 7.22 7.22
IV. After road transport of straw 7.81 7.81 7.81 7.81 7.81
V. After comminution of straw 8.14 8.14 8.14 8.14 8.14
VI. After conversion of straw 10.33 9.75 10.37 11.18 11.00
Primary energy required at conversion
MK, ] 251.05 818.88 1041.60 1602.72 1237.82
Amount of final product produced
(electric power at CHP) [GJ/t, ] 15.44 5.55 8.73 13.23 11.02
Amount of heat produced at CHP
[GIn,, ] 12.48
Amount of final product produced
(electric power at CHP) [GJ/(ha x year)] 28.08 10.08 15.87 24.05 20.04
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Table A.I-13 continued
Amount of heat produced at CHP

[GJ/(ha x year)] 22.70

E(output)/E(primary energy input 68.3% 77.8% 37.3% 552%  46.7%
including biomass)

E(output)/E(primary energy input 4.0 4.0 1.9 2.5 2.3
excluding biomass)

Cost of energy carrier

SEK/GJ 131.65 107.83 205.89 146.44 179.83
SEK/MWh 473.96 388.18 741.22 527.19 647.39
€/GJ 14.44 11.82 22.58 16.06 19.72
Cost of heat at CHP

SEK/GJ 82.17

SEK/MWh 295.80

€/GJ 9.01

Footnotes to Table A.I-13

Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

Solar emergy = solar emergy of transpired rain = 352.44 x 10'* sej/(ha x year). The pro-
duction of biomass was assumed as 5% greater than the yield (Y,), according to Doherty,
Nilsson & Odum (2002). The standard yield per hectare for autumn wheat in Sweden in
2002 was 6.351 t/ha (The Swedish Board of Agriculture, 2003). The moisture content was
assumed as 15%. Thus, the wheat production = 6.351 x 0.85/0.95 t, /ha = 5.682 t, /ha.
The solar emergy = 352.44 x 10"/ 5.682 sej/t, = 62.02 x 10" sej/t, .
Agricultural inputs:
The energy content of wheat seeds = 3.1 GJ/(ha x year) and the energy amount required
in the production of wheat seeds = 1.6 GJ/(ha x year) (Borjesson, 1996). Total amount of
energy input = (3.1 + 1.6) GJ/(ha x year) = 4.7 GJ/(ha x year).
Solar transformity of seeds = 16,100 sej/J (Andresen, Bjoérklund & Rydberg, 2000).

weeds. o = 47/ (6351 x 0.85) G/t = 870.64 M/t .
The amount of nitrogen added was 140 kg/(ha x year) (Borjesson, 1996). Solar transfor-
mity for nitrogen in nitrogen fertilizer = 4.60 x 10'? sej/kg (Odum, 1996). Solar emergy
for N fertilizer = 140 x 4.60 x 10'? sej/(ha x year) = 644.00 x 10'? sej/(ha x year).
The amount of phosphorus added was 23.0 kg/(ha x year) (Borjesson, 1996). Solar trans-
formity for phosphorus in phosphorus fertilizer = 1.78 x 10" sej/kg (Odum, 1996). Solar
emergy for P fertilizer = 23.0 x 1.78 x 10" sej/(ha x year) = 409.40 x 10'? sej/(ha x
year).
The amount of potassium added was 10.0 kg/(ha x year) (Borjesson, 1996). Solar trans-
formity for potassium in potassium fertilizer = 1.74 x 10'? sej/kg (Odum, 1996). Solar
emergy for K fertilizer = 10.0 x 1.74 x 10'? sej/(ha x year) = 17.40 x 10'* sej/(ha x year).
The amount of lime added was 150.0 kg/(ha x year) (Borjesson, 1996). Solar transformity
for lime = 1.00 x 10" sej/kg (Odum, 1996). Solar emergy for lime = 150.0 x 1.00 x 10"
sej/(ha x year) = 150.00 x 10" sej/(ha x year).
Total amount of fertilizer = (140.0 +23.0 + 10.0 + 150.0) kg/(ha x year) = 323.0 kg/(ha x
year).
Total solar emergy = (644.00 +409.40 + 17.40 + 150.00) x 10'* sej/(ha x year) = 1220.80
x 10" sej/(ha x year). Total solar transformity for all fertilizers = 1220.80 x10'* / 323.0
sej/kg = 3.78 x 10'* sej/kg.
Energy embodied in the fertilizers is estimated by Borjesson (1996) to be 48 MJ/kg for
nitrogen, 7.9 MJ/kg for phosphorus, 4.8 MJ/kg for potassium and 1.2 MJ/kg for lime. The
energy amount embodied in fertilizers used per hectare and year = (140 x 48 + 23.0x 7.9
+10.0 x 4.8 +150.0 x 1.2) MJ/(ha x year) = 7129.70 MJ/(ha x year). The energy amount
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embodied in fertilizers used per ton of dry matter = 7129.70 / (6.351 x 0.85) MJ/t, =
1320.72 Ml .

f The application dose of herbicides was estimated by Borjesson (1996) to be 1.0 kg/(ha
x year), corresponding to 120 MJ/(ha x year). Solar transformity for herbicides = 66,000
sej/J (Doherty, Nilsson & Odum, 2002).

The amount of herbicides per ton of dry matter = 120 / (6.351 x 0.85) MJ/t, = 22.23
M, .

g Number of machine hours required = 8 h/(ha x year) and average diesel oil consumption

=9.6 I/h (Bérjesson, 1996). LHV - =35.9 MJ/l (Swedish Energy Agency, 2004a). The
amount of diesel 0il = 8 x 9.6 x 35.9 x 10° GJ/(ha x year) = 2.757 GJ/(ha x year).

The amount of diesel oil per ton of dry matter = 2.757 / (6.351 x 0.85) GJ/t, = 510.73
M, .

h  The sum of mass depreciation of machinery and the solar transformity for machine equip-

ment at cultivation of wheat was assumed as equal to the sum of mass depreciation and
the solar transformity for machine equipment at cultivation of reed canary grass, i.e.
1.126 kg/(ha x year) and 2.37 x10'? sej/kg respectively (see Table A.J-16a).
The amount of embodied energy in machinery at cultivation of wheat was assumed as
equal to the amount of embodied energy in machinery at cultivation of reed canary grass.
The specific amount of embodied energy in machinery at cultivation of reed canary grass
= 11.44 MJ/t, (see Table A.I-12, footnote g). The yield of reed canary grass = 6.136
t,./(ha x year) (see Table A.I-12, footnote Y ). The yield of wheat = 6.351 x 0.85 t,_/(ha x
year) = 5.398 t, /(ha x year). Thus, the specific amount of embodied energy in machinery
at cultivation of wheat = 11.44 x 6.136 / 5.398 MJ/t, =13.00 MJ/t .

i The amount of seeds required = 200 kg/ha, and the cost of seeds is 3 SEK/kg (Lind-
strom, 2005). Thus, the annual cost of seeds per hectare =200 x 3 SEK/(ha x year) = 600
SEK/(ha x year).

The cost of herbicides used for spring-sown grain (1.0 litre/ha of Event Super and 0.1
litre/ha of wetting agent) is 428 SEK/ha (Swedish database of weeds, 2005 (URL)). These
herbicides were assumed to be used once per year.

The dosages of fertilizers at cultivation of wheat are 140 kg/(ha x year) of nitrogen, 23
kg/(ha x year) of phosphorus, 10 kg/(ha x year) of potassium and 150 kg/(ha x year) of
lime (Borjesson, 1996). The cost of the nitrogen in urea (N 46) = 7.61 SEK/kg, the cost
of the phosphorus in superphosphate (P 20) = 12.00 SEK/kg, and the cost of the potas-
sium in potassium chloride (K 50) = 3.71 SEK/kg (see Table A.J-26). The cost of lime is
2.60 SEK/kg (Lundh, 2005). Thus, the cost of NPK and lime fertilization at cultivation of
wheat = (7.61 x 140 + 12.00 x 23 + 3.71 x 10 + 2.60 x 150) SEK/(ha x year) = 1768.50
SEK/year.

The total cost for expendables (seeds, herbicides and fertilizers) = (600 + 428 + 1768.50)
SEK/(ha x year) = 2796.50 SEK/(ha x year).

j  Costs for human services (i.e. variable costs minus expendables) in agricultural inputs
were assumed as equal to the costs for human services in agricultural inputs for reed
canary grass, i.e. 459.56 SEK/(ha x year) (see Table A.J-16a).

k  The capital cost was assumed to be equal to the capital cost in agricultural inputs for reed
canary grass, i.e. 119.19 SEK/(ha x year) (see Table A.J-16a).

Y, The production of biomass was assumed to be 5% larger than the yield (Y,), according
to Doherty, Nilsson & Odum (2002). Wheat production = 5.682 t, /ha (see footnote I).
HHV ,  =18.5Gl/t, (Borjesson, 1996). Thus, the biomass production = 18.5 x 5.682 x
10° J/(ha x year) = 1.051 x 10" J/(ha x year). Solar emergy = solar emergy of transpired
rain + solar emergy of agricultural inputs = (352.44 x 10" + 1972.09 x 10'?) sej/(ha x
year) = 2324.53 x 10'* sej/(ha x year). Solar emergy = 2324.53 x 10'* / 5.682 sej/t, =
409.07 x 10" sej/t .

Solar transformity = 2324.53 x 10"/ 1.051 x 10" sej/J = 22,112 sej/J.
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Harvesting:

The amount of direct energy required = 584.66 MJ/(ha x year) (see Table A.J-30). The
sum of direct energy required per metric ton of dry matter = 584.66 / (6.351 x 0.85) M/t _
=108.30 MJt, .

Mass depreciation (i.e. wear) of machinery = 0.738 kg/(ha x year) (see Table A.J-30).
Solar transformity for machine equipment = 1.81 x 10" sej/kg (see Table A.H-7).

The amount of embodied energy in machinery = 5.89 MJ/t, (see Table A.J-30).

Costs for human services = O & M costs = 297.60 SEK/(ha x year) (see Table A.J-30).
Capital costs = 203.94 SEK/(ha x year) (see Table A.J-30).

The annual yield of wheat = 6.351 x 0.85t, /ha=15.398t, /ha. HHV , = 18.5 Ml/kg,
(Borjesson, 1996). Thus, the annual yield of biomass = 5.398 x 18.5 x 10° J/(ha x year) =
9.987 x 10" J/(ha x year). Solar emergy = solar emergy of (Y, + F,) =(2324.53 + 28.01 +
1.34 +46.99 +32.20) x 10" sej/(ha x year) = 2433.07 x 10'? sej/(ha x year). Solar emergy
per metric ton of dry matter = (409.07 + (28.01 + 1.34 + 46.99 + 32.20) / 5.398) x 102
sej/t, =429.18 x 10" sej/t, .

Solar transformity = 2433.07 x 10'2/9.987 x 10'° sej/J = 24,362 sej/J.

Baling, field transport and storage:

The amount of direct energy required at baling and field transport of straw = 815.23
MJ/(ha x year) (see Table A.J-17). The yield of straw = 1.818 t, /(ha x year) (see Chapter
3). The sum of direct energy required per metric ton of dry matter = 815.23 / 1.818 M/t _
=448.38 MK, .

Mass depreciation of machinery at baling and field transport = the total wear at baling
and field transport = 2.313 kg/(ha x year), the solar transformity for machine equipment
= 2.16 x10'" sej/kg, and the sum of embodied energy in machinery at baling and field
transport = 60.21 MJ/t, (see Table A.J-17).

Total costs for human services = O & M costs = (1024.69 + 192.86 + 1.04) SEK/(ha x
year) = 1218.59 SEK/(ha x year) (see Table A.J-17). The O & M costs per metric ton of
dry matter at baling of straw was assumed as equal to the O & M costs per metric ton of
dry matter at baling of reed canary grass. The O & M costs at baling of reed canary grass
= 838.38 SEK/(ha x year) (see Table A.J-31). The yield of reed canary grass during a
rotation period of 11 years was 67.5 t, (see Chapter 3), leading to that the O & M costs
per metric ton of dry matter at baling of reed canary grass = 838.38 / (67.5/ 11) SEK/t, |
= 136.63 SEK/t, . The yield of straw = 4.318 t _/ha (see footnote Y,). Thus, costs for
human services per metric ton of dry matter at baling, field transport and storage of straw
=(136.63 +(192.86 + 1.04) / 4.318) SEK/t, = 181.52 SEK/t_ .

Total capital costs = (432.50 + 72.04 + 208.26) SEK/(ha x year) = 712.81 SEK/(ha x year)
(see Table A.J-17). The capital costs per metric ton of dry matter at baling of straw was
assumed as equal to the capital costs per metric ton of dry matter at baling of reed canary
grass. The capital costs at baling of reed canary grass = 353.87 SEK/(ha x year) (see Table
A.J-31). The yield of reed canary grass during a rotation period of 11 years was 67.5t,
(see Chapter 3), leading to that the capital costs per metric ton of dry matter at baling of
reed canary grass = 353.87 / (67.5 / 11) SEK/t, = 57.67 SEK/t, . The yield of straw =
4.318 t, /ha (see footnote Y,). Thus, capital costs per metric ton of dry matter at baling,
field transport and storage of straw = (57.67 + (72.04 + 208.26) / 4.318) SEK/t, = 122.57
SEK/t, .

The annual yield of biomass = 9.987 x 10" J/(ha x year) (see Y,). Solar emergy = solar
emergy of (Y, + F,) = (2433.07 + 39.05 + 5.00 + 192.42 + 112.56) x 10'* sej/(ha x year)
=2782.09 x 10'? sej/(ha x year). The yield of straw for spring wheat and autumn wheat
is estimated by Nilsson & Ekstrom (1982) as 80% and 85% respectively of the yield of
wheat received. However, the yield of straw for autumn wheat was assumed as 80% of
the yield of wheat received, as the yield of grain is maximized by plant breeding. Thus,
the yield of straw = 0.80 x 5.398 t, /ha=4.318t,_/ha. Solar emergy per metric ton of dry
matter = (429.18 + (39.05 + 5.00 + 192.42 + 112.56) / 4.318) x 10" sej/t, = 509.99 x
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10" sej/t, .
Solar transformity = 2782.09 x 10'/9.987 x 10'° sej/J = 27,857 sej/J.

F, Road transport:

t  Direct energy required = 229.76 M/t (see Table A.J-38b).

u  Mass depreciation of machinery = 0.097 kg/t, (see Table A.J-38b). Solar transformity
for machine equipment = 2.60 x 10'? sej/kg (See Table A.H-7). The amount of embodied
energy in trucks used = 6.02 MJ/t, (see Table A.J-38b).

v Costs for human services = O & M costs = 133.71 SEK/t, (see Table A.J-38b).

w  Capital costs = 25.35 SEK/t, (see Table A.J-38b).

Y, HHV__ =18.7Ml/kg, (see Table A.B-Ic). Solar emergy = solar emergy of (Y, +F,) =
(509.99 + 11.01 + 0.25 + 21.11 + 4.00) x 10" sej/t, = 546.37 x 10" sej/t, .

Solar transformity = 546.37 x 10"/ 1.87 x 10'° sej/J = 29,217 sej/J.

F. Comminution:

x  Direct energy required = 105.88 M/t (see Table A.J-40).

y Mass depreciation of machinery = 0.072 kg/t, . Solar transformity for machine equip-
ment =2.26 x 10" sej/kg (See Table A.J-40).

z  Costs for human services = O & M costs = 59.63 SEK/t, (see Table A.J-40).

aa Capital costs = 14.15 SEK/t,  (see Table A.J-40).

Y, HHV__ =18.7Ml/kg, (see Table A.B-Ic). Solar emergy = solar emergy of (Y, + F,) =
(546.37 +8.49 +0.16 +9.42 +2.23) x 10" sej/t, = 566.67 x 10" sej/t, .

Solar transformity = 566.67 x 10"/ 1.87 x 10'° sej/J = 30,303 sej/J.
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Table A.I-14 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

District CHP Electric  Hydrogen Methanol
heating power
Environmental inputs
I from FinalFell [x 10" sej/t, ] 124.5 124.5 124.5 124.5 124.5
Inputs fed back from society (i.e. purchased)
FI [x 10" sej/t, ] 0.9 0.9 0.9 0.9 0.9
F2 [x 10" sej/t, ] 7.0 7.0 7.0 7.0 7.0
F3 [x 10" sej/t, 1 14.1 14.1 14.1 14.1 14.1
F4 (Conversion) [x 10" sej/t, ] 144.1 103.2 147.5 195.8 184.9
Solar emergy yields of products
Y1 [x 10" sej/t, ] 140.4 140.4 140.4 140.4 140.4
Y2 [x 10™ sej/t, ] 147.4 147.4 147.4 147.4 147.4
Y3 [x 10" sej/t, ] 161.5 161.5 161.5 161.5 161.5
Y4 (Final product) [x 10" sej/t, ] 305.6 264.7 309.0 357.3 346.4
Solar transformities
(a) After collecting [sej/J] 7053 7053 7053 7053 7053
(b) After sorting and comminution [sej/J] 7406 7406 7406 7406 7406
(c) After road transport [sej/J] 8115 8115 8115 8115 8115
(d) After conversion [sej/J] 18,595 44,842 33,254 25,385 29,540
(d) Heat generated at CHP [sej/J] 19,925
Net solar emergy yield ratio
1. After collecting 159.17 159.17 159.17 159.17 159.17
II. After sorting and comminution 18.64 18.64 18.64 18.64 18.64
II1. After road transport 7.34 7.34 7.34 7.34 7.34
IV. After conversion 1.84 2.11 1.82 1.64 1.67
Solar emergy investment ratio
1. After collecting 0.01 0.01 0.01 0.01 0.01
II. After sorting and comminution 0.06 0.06 0.06 0.06 0.06
III. After road transport 0.18 0.18 0.18 0.18 0.18
IV. After conversion 1.33 1.01 1.36 1.75 1.66
Prim. energy required at conversion
M, ] 251.05 818.88 1108.44 1602.72 1237.82

Amount of final product produced

(electric power at CHP) [GJ/t, | 16.43 5.90 9.29 14.07 11.73
Amount of heat produced at CHP

[GI,] 13.28

Amount of final product produced

(electric power at CHP) [GJ/(ha x year)] 0.60 0.22 0.34 0.52 0.43
Amount of heat produced at CHP

[GJ/(ha x year)] 0.49

E(output)/E(primary energy input 80.9% 91.9% 43.9% 65.0% 55.1%
including biomass)

E(output)/E(primary energy input 39.7 19.5 7.3 8.0 8.4
excluding biomass)

Cost of energy carrier

SEK/GJ 56.21 43.07 72.46 58.36 74.11
SEK/MWh 202.37 155.04 260.86 210.09 266.79
€/GJ 6.16 4.72 7.95 6.40 8.13
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Table A.I-4 continued

Cost of heat at CHP

SEK/GJ 17.40
SEK/MWh 62.65
€/GJ 1.91

Footnotes to Table A.I-14

Biomass input:

®

HHV =199 MlJ/kg, (seeTable A.B-lc). The solar transformity was assumed as equal
to the solar transformity of the tree biomass production in forestry (Y, in Table A.I-1).
Solar emergy = (annual flow) x (solar transformity)

Collecting:

The amount of motor fuel required = 2.96 x 10°J/t, (see Table A.J-37).

Mass depreciation (i.e. wear) of machinery = 0.004 kg/t, , the solar transformity for
machine equipment (loader) = 2.60 x 10'? sej/kg, and the amount of embodied energy in
machinery equipment = 0.27 MJ/t, (see Table A.J-37).

Costs for human services = O & M costs = 4.19 SEK/t, (see Table A.J-37).

Capital costs = 0.43 SEK/t, (see Table A.J-37).

HHV, o eredwood = 19:9 MI/kg,  (see Table A.B-1c). Solar emergy = solar emergy of (Y, +
F)=(139.47+0.14 +0.01 + 0.66 + 0.07) x 10" sej/t, =140.35x 10" sej/t, .

Solar transformity = 140.35 x 10'2/ 1.99 x 10'° sej/J = 7053 sej/J.

Sorting and comminution:

Direct energy required per t, at sorting and comminution of recovered wood = 54.78
MJ/t,  (see Table A.J-39).

Mass depreciation of machinery = 0.015 kg/t, . Solar transformity for machine equip-
ment = 2.30 x 10'? sej/kg (See Table A.J-39).

Costs for human services = O & M costs = 23.79 SEK/t, (see Table A.J-39).

Capital costs = 3.85 SEK/t,  (see Table A.J-39).

HHV,_  eredwood — 19-9 MI/kg,  (see Table A.B-1c). Solar emergy = solar emergy of (Y, +
F,)=(140.35+2.62 +0.03 +3.76 + 0.61) x 10" sej/t, =147.38 x 10" sej/t, .

Solar transformity = 147.38 x 10'2/ 1.99 x 10'° sej/J = 7406 sej/J.

Road transport:

Direct energy required for road transport of comminuted recovered wood = 82.72 MJ/t, |
(see Table A.J-38c).

Mass depreciation of machinery = 0.040 kg/t, , the solar transformity for machine equip-
ment = 2.60 x 10° sej/g, and the amount of embodied energy in machinery equipment =
2.46 MJ/t,  (see Table A.J-38¢).

Costs for human services = O & M costs = 52.68 SEK/t, (see Table A.J-38c).

Capital costs = 10.92 SEK/t,  (see Table A.J-38c).

HHV, o eredwood — 19-9 MI/kg,  (see Table A.B-1c). Solar emergy = solar emergy of (Y, +
F)=(147.38+3.96+0.10 + 8.32 + 1.72) x 10" sej/t, =161.48 x 10" sej/t, .

Solar transformity = 161.48 x 10'2/1.99 x 10" sej/J = 8115 sej/J.
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Table A.I-15 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

Small-scale wood firing

Environmental inputs

I Item ¢ 124.5 x 10" sej/t,
Inputs fed back from society (i.e. purchased)
F1 Itemd -k 7.5 x 10" sej/t,
F2 Item1 - o 38.9 x 10 seji/t,
F3 Itemp-t 36.0 x 10" sej/t,
F4 Ttemu -y 419.8 x 10" sej/t,
Solar emergy yields of products
Y1 Standing biomass 132.0 x 10" sej/t,
Y2 Harvested biomass in field 171.0 x 10" sej/t, |
Y3 Forwarded biomass 206.9 x 10 sej/t,
Y4 Heat generated at conversion 626.7 x 10 sej/t,
Solar transformities
(a) Standing biomass 6317 sej/J
(b) Harvested biomass in field 8180 sej/J
(¢) Forwarded biomass 9902 sej/J
(d) Heat generated at conversion 40,294 sej/J
Net solar emergy yield ratio
I. Standing biomass =Y1/F1 17.54
II. Harvested biomass in field = Y2 / (F1+F2) 3.68
III. Forwarded biomass =Y3 / (F1+F2+F3) 2.51
IV. Final product after conversion = Y4 / (F1+F2+F3+F4) 1.25
Solar emergy investment ratio
1. Standing biomass =F1/1 0.06
II. Harvested biomass = (F1+F2) /I 0.37
III. Forwarded biomass = (F1+F2+F3) /I 0.66
IV. Final product after conversion = (F1+F2+F3+F4) /1 4.03
E(output)/E(primary energy input including biomass) 73.93%
E(output)/E(primary energy input excluding biomass) 113.1
Cost of energy carrier 182.90 SEK/GJ
658.44 SEK/MWh
20.06 €/GJ

Footnotes to Table A.I-15

I Environmental inputs:

a—c Data from Doherty, Nilsson & Odum (2002).

Y, See footnote to Table A.I-1.

F, Silvicultural inputs:

d-k See footnotes to Table A.I-1.

Y, See footnote to Table A.I-1.

F, Felling, delimbing and cutting:

1  The required amount of petrol at felling, delimbing and cutting with power saw = 23.46
MI/t, , and corresponding amount at merely felling with power saw = 4.79 MJ/t, (see
Table A.J-9). Corresponding amount of diesel oil required for tractor with delimbing-cut-
ting processor = 21.92 M/t (see Table A.J-10). The amount of diesel oil required for
harvester used for final felling = 53.73 MJ/t, and corresponding amount for harvester
used for thinning = 63.18 MJ/t, (see Table A.J-8). Weighted value for the amount of
petrol required = (0.70 x 23.46 + 0.10 x 4.79) MJ/t, =16.90 MJ/t, , and weighted value
for the amount of diesel oil required = (0.10 x 21.92 +0.10 x 53.73 + 0.10 x 63.18) M/t |
= 13.88 MJ/t, . Total amount of motor fuel required = (16.90 + 13.88) MJ/t, = 30.78
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Mk, .

The i;nrimary energy conversion factor was weighted by the amounts of diesel oil and
petrol required. The weighted primary energy conversion factor = (13.88 x 1.14 + 16.90
x 1.21)/30.78 = 1.18.

Mass depreciation of machinery at felling, delimbing and cutting with power saw = 0.006
kg/t, , and corresponding amount at merely felling with power saw = 0.0003 kg/t, (see
Table A.J-9). Mass depreciation of machinery for tractor with delimbing-cutting proces-
sor=0.061 kg/t, (see Table A.J-10). Mass depreciation of machinery for harvesters used
for both final felling and thinning = 0.042 kg/t,  (see Table A.J-8). Weighted value for the
mass depreciation of machinery = (0.70 x 0.006 + 0.10 x 0.0003 + 0.10 x 0.061 + 0.10 x
0.042 x 2) kg/t, =0.019 kg/t, .

Solar transformity for machine equipment at felling, delimbing and cutting with power
saw and at merely felling with power saw = 1.64 x 10'? sej/kg (see Table A.J-8). Solar
transformity for tractor with delimbing-cutting processor = 2.38 x 102 sej/kg (see Table
A.J-9). Solar transformity for harvesters used for final felling and thinning = 2.97 x 10'2
sej/kg (see Table A.H-7). Weighted value for the solar transformity = ((0.70 + 0.10) x 1.64
x 102 +0.10 x 2.38 x 10"+ 0.10 x 2.97 x 10"* x 2) sej/kg = 2.15 x 10" sej/kg.

The embodied, primary energy at felling, delimbing and cutting with power saw = 0.240
MJ/t, , and corresponding value at merely felling with power saw = 0.010 MJ/t,  (see
Table A.J-9). Corresponding amount of embodied, primary energy for tractor with delimb-
ing-cutting processor = 2.07 MJ/t,_ (see Table A.J-10). The embodied, primary energy for
harvester used for final felling = 2.95 MJ/t,_ and corresponding value for harvester used
for thinning = 3.00 MJ/t,_(see Table A.J-8).

Weighted value for the embodied, primary energy = (0.70 x 0.240 + 0.10 x 0.010 + 0.10
x2.07+0.10x2.95+0.10 x 3.00) MJ/t, =0.97 MJ/t, .

The specific O & M cost at felling with power saw was 58.07 SEK/t, and 40.06 SEK/t,
for tractor with delimbing-cutting processor (see Tables A.J-9 through A.J-10). The spe-
cific O & M cost for harvester used for final felling and for harvester used for thinning
was 45.00 SEK/t, and 58.92 SEK/t, respectively (see Table A.J-8). The specific O &
M cost at felling - delimbing and cutting with power saw = 289.16 SEK/t, (see Table
A.J-9). The costs for human services = the weighted value for the specific O & M costs =
(0.10 x (58.07 + 40.06) + 0.10 x 45.00 + 0.10 x 58.92 + 0.70 x 289.16) SEK/t, =222.62
SEK/t, .

The specific capital cost at felling with power saw = 0.61 SEK/t,  (see Table A.J-9) and
the specific capital cost for tractor with delimbing-cutting processor = 11.15 SEK/t, (see
Table A.J-10). The specific capital cost for harvester used for final felling = 14.60 SEK/t,
and corresponding specific cost for harvester used for thinning = 17.26 SEK/t,  (see Table
A.J-8). The corresponding specific cost at felling - delimbing and cutting with power saw
=14.22 SEK/t, (see Table A.J-9). Weighted value for the specific capital costs = (0.10 x
(0.61+11.15) +0.10 x 14.60 + 0.10 x 17.26 + 0.70 x 14.22) SEK/t, = 14.32 SEK/t_ .
Tree biomass yield: HHV = 20.9 MJ/kg, (see Table A.B-1c). Solar emergy = solar
emergy of (Y, +F)) =(132.03 +1.47 +0.04 + 35.15 + 2.26) x 10" sej/t, =170.96 x 10"
sej/t, . Solar transformity = 170.96 x 10" /2.09 x 10" sej/J = 8180 sej/J.

Forwarding:

The required amount of diesel oil for forwarder used for final felling = 52.76 MJ/t, and
corresponding amount for forwarder used for thinning = 96.26 MJ/t, (see Table A.J-11).
Corresponding amount for tractor and trailer with grapple loader = 49.31 MJ/t,  (see
Table A.J-12) and corresponding amount for tractor and hanger with grapple loader =
50.26 MJ/t,  (see Table A.J-13). Weighted value for the amount of diesel oil required =
(0.20 x 52.76 + 0.20 x 96.26 + 0.50 x 49.31 + 0.10 x 50.26) MJ/t, =59.49 M/t .

Mass depreciation of machinery for forwarder used for final felling = 0.037 kg/t, and
corresponding amount for forwarder used for thinning = 0.089 kg/t, (see Table A.J-11).
Mass depreciation of machinery for tractor and trailer with grapple loader = 0.997 kg/t,
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(see Table A.J-12) and corresponding amount for tractor and hanger with grapple loader =
17.059 kg/t,  (see Table A.J-13). Weighted value for the mass depreciation of machinery
=(0.20x0.037 +0.20 x 0.089 + 0.50 x 0.997 + 0.10 x 17.059) kg/t, =2.229 kg/t .
Solar transformity for forwarders used for both final felling and thinning = 2.97 x 10'?
sej/kg (see Table A.H-7). Corresponding value for tractor and trailer with grapple loader
=2.16 x 10'? sej/kg (see Table A.J-12) and corresponding value for tractor and hanger
with grapple loader = 2.25 x 10'? sej/kg (see Table A.J-13). Weighted value for the solar
transformity = (0.20 x 2 x 2.97 x 10"+ 0.50 x 2.16 x 10" + 0.10 x 2.25 x 10") kg/t, =
2.50 x 10'% sej/kg.

The embodied, primary energy in forwarders used for final felling was 2.98 MJ/t, and
4.31 Ml/t,  in forwarders used for thinning (see Table A.J-11). The embodied, primary
energy in tractor and trailer with grapple loader = 6.11 MJ/t,_(see Table A.J-12), and the
corresponding amount of energy in tractor and hanger with grapple loader = 26.60 MJ/t,
(see Table A.J-13). Weighted value for the embodied, primary energy = (0.20 x 2.98 +
0.20x4.31+0.50x 6.11 +0.10 x 26.60) MJ/t, =7.17 MI/, .

The specific O & M cost for forwarding at final felling was 38.15 SEK/t, and 82.64 SEK/
t,,, for forwarding at thinning (see Table A.J-11), the specific O & M cost for forwarding
with tractor and trailer with grapple loader was 99.83 SEK/t, (see Table A.J-12) and the
specific O & M cost for tractor and hanger with grapple loader was 495.36 SEK/t, (see
Table A.J-13). The costs for human services = the weighted value for the specific O & M
costs = (0.20 x 38.15 + 0.20 x 82.64 + 0.50 x 99.83 + 0.10 x 495.36) SEK/t, = 123.61
SEK/t, .

The specific capital cost for forwarding at final felling = 9.48 SEK/t, and the specific
capital cost for forwarding at thinning = 17.35 SEK/t, (see Table A.J-11). The specific
capital cost for forwarding with tractor and trailer with grapple loader = 16.21 SEK/t,
(see Table A.J-12) and the specific capital cost for tractor and hanger with grapple loader
=93.98 SEK/t, (see Table A.J-13). Thus, the weighted value for the specific capital costs
=(0.20x9.48+0.20x 17.35+0.50 x 16.21 + 0.10 x 93.98) SEK/t, =22.87 SEK/t_ .
Dry matter losses at storage = 2.6% of forwarded biomass (see Table A.G-1, footnote c).
0.026x2.09x 10" J/t, =543 x 108J/, .

Tree biomass yield: HHV = 20.9 Ml/kg, = (see Table A.B-Ic). Solar emergy = solar
emergy of (Y, +F,)=(170.96 +2.85+5.56 + 19.52 + 3.61 + 4.44) x 102 sej/t, =206.95
x 10" sej/t, . Solar transformity = 206.95 x 10> /2.09 x 10' sej/J = 9902 sej/J.
Small-scale wood firing:

The mass depreciation of the equipment = 14.40 kg/t, (see Table A.J-42). The solar
transformity for boilers was assumed as equal to the solar transformity for tractors, i.e.
2.60 x 10'? sej/kg (see Table A.H-7).

Costs for human services = O & M costs = 864.08 SEK/t, (see Table A.J-42).

Capital costs = 1556.93 SEK/t,_(see Table A.J-42).

The amount of heat produced = 15.553 Gl/t, (see Table A.J-42). Solar emergy = solar
emergy of (Y, + F,) = (206.95 + 37.47 + 136.44 + 245.85) x 10" sej/t, = 626.70 x 10"
sej/t, . Solar transformity = 626.70 x 10'*/ 1.555 x 10'° sej/J = 40,294 sej/J.
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Table A.I-16 continued: Summary of inputs, yields, solar transformities and investment indi-
ces

Small-scale pellets firing

Environmental inputs

I from FinalFell 124.5 x 10" sej/t,
Inputs fed back from society (i.e. purchased)
F1+F2+F3+F4 from FinalFell 47.0 x 10" sej/t,
F5+F6 from Sawdust 201.7 x 10" sej/t,
F7 Item 1 to 6 180.6 x 10" sej/t, |
F8 Item 7 to 12 157.2 x 10" sej/t,,
Solar emergy yields of products
Y7 Biomass after pelletizing 553.9 x 10" sej/t,
Y8 Heat generated at conversion 711.0 x 10" sej/t,
Solar transformities
(a) Biomass after pelletizing 27,832 sej/J
(b) Heat generated at conversion 47,075 sej/l
Net solar emergy yield ratio
1. Biomass after pelletizing = Y7 / (F1+F2+F3+F4+F5+F6+F7) 1.29
II. Final product after conversion = Y8 / (F1+F2+F3+F4+F5+F6+F7+Fg) 1.21
Solar emergy investment ratio
1. Biomass after pelletizing =(F1+F2+F3+F4+F5+F6+F7) / 1 3.45
II. Final product after conversion = (F1+F2+F3+F4+F5+F6+F7+Fg) / I 4.71
E(output)/E(primary energy input including biomass) 58.8%
E(output)/E(primary energy input excluding biomass) 2.6
Cost of energy carrier 255.33 SEK/GJ
919.20 SEK/MWh
28.00 €/GJ
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Footnotes to Table A.I-16

Biomass input:

< 0o o o o o o

i =ae |

>-<W"_"

HHV_ .= 19.9 MJ/kg, (see Table A.B-1c). The solar transformity was assumed as
equal to the solar transformity of sawdust after road transport (Y, in Table A.I-9). Solar
emergy = (annual flow) x (solar transformity)

Pelletizing:

The amount of biomass required at flue gas drying = 4.004 GJ/t, (See Table A.J-41b).
The amount of electricity required = 433.55 MJ/t, (See Table A.J-41b).

The mass depreciation (i.e. wear) of machinery equipment = 0.039 kg/t, (see Table A.J-
41b). The solar transformity for the pellets plant was assumed as equal to the solar trans-
formity for tractors, i.e. 2.60 x 10" sej/kg (see Table A.H-7).

Total expendables = 18.77 SEK/t, (see Table A.J-41b).

Costs for human services = O & M costs = 347.60 SEK/t, (see Table A.J-41b).

Capital costs = 78.89 SEK/t, (see Table A.J-41b).

Dry matter losses at milling were assumed as 0.1% of the biomass input. 0.01 x 1.99 x
103/, =1.99x 107 I/t .

HHV e made o sawaust — 19-9 MJ/kg, (see Table A.B-1c). Solar emergy = solar emergy of
(Y,+F,)=(373.22+75.09 + 3477+ 0.10 + 2.96 + 54.89 + 12.46 + 0.37) x 10" sej/t, =
553.86 x 10'* sej/t, . Solar transformity = 553.86 x 10>/ 1.99 x 10'° sej/J = 27,832 sej/J.
Small-scale pellet firing:

The amount of electricity required = 96.92 M/t (See Table A.J-42).

Mass depreciation of equipment = 13.99 kg/t, (see Table A.J-42). The solar transformity
for boilers was assumed as equal to the solar transformity for tractors, i.e. 2.60 x 10"
sej/kg (see Table A.H-7).

Costs for human services = O & M costs = 847.18 SEK/t, (see Table A.J-42).

Capital costs = 1511.94 SEK/t, (see Table A.J-42).

The amount of heat produced = 15.104 GJ/t, (see Table A.J-42). Solar emergy = solar
emergy of (Y, +F ) =(553.86 + 7.77 + 36.39 + 133.77 + 238.74) x 10" sej/t, =711.01
x 10'* sej/t, . Solar transformity = 711.01 x 102/ 1.510 x 10" sej/J = 47,075 sej/J.
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Table A.I-17 continued: Summary of inputs, yields, solar transformities and investment indi-

ces

Large-scale pellets firing

Environmental inputs
I from FinalFell
Inputs fed back from society (i.e. purchased)
F1+F2+F3+F4 from FinalFell
F5+F6 from Sawdust
F7 Item 1 to 6
F8 Item 7 to 12
Solar emergy yields of products
Y7 Biomass after pelletizing
Y8 Heat generated at conversion
Solar transformities
(a) Biomass after pelletizing
(b) Heat generated at conversion
Net solar emergy yield ratio
1. Biomass after pelletizing = Y7 / (F1+F2+F3+F4+F5+F6+F7)
1. Final product after conversion = Y8 / (F1+F2+F3+F4+F5+F6+F7+Fg)
Solar emergy investment ratio
1. Biomass after pelletizing =(F1+F2+F3+F4+F5+F6+F7) / 1
11. Final product after conversion = (F1+F2+F3+F4+F5+F6+F7+F8) / 1
E(output)/E(primary energy input including biomass)
E(output)/E(primary energy input excluding biomass)

Cost of energy carrier

Footnotes to Table A.I-17

Biomass input: See Table A.I-16.
F, Pelletizing:

a—g See footnotes to Table A.I-16.
See Table A.I-16.

7
. Large-scale pellet firing:

Capital costs = 316.19 SEK/t, (see Table A.J-43).

=i s IS

124.5 x 10" sej/t,,.

47.0 x 10" sej/t,
201.7 x 10" sej/t,
180.6 x 10'2 sej/t,

77.6 x 10 sej/t

dm

553.9 x 10" sej/t,
631.4 x 10" sej/t,

27,832 sej/l
35,307 sej/J

1.29
1.25

3.45
4.07

69.0%
3.0

104.03 SEK/GJ
374.50 SEK/MWh
11.41 €/GJ

The amount of electricity required = 248.19 MJ/t, (See Table A.J-43).
Mass depreciation of equipment = 0.128 kg/t, (see Table A.J-43).
Costs for human services = O & M costs = 46.79 SEK/t,  (see Table A.J-43).

The amount of heat produced = 17.884 GJ/t, (see Table A.J-43). Solar emergy = solar

emergy of (Y, + F,) = (553.86+ 19.91 + 033 + 7.39 +49.93) x 107 sej/t, =631.41x 10"
sej/t, . Solar transformity = 631.41 x 10"/ 1.788 x 10" sej/J = 35,307 sej/J.
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Appendix J: Data for silviculture, agriculture,
machinery and process equipment

Calculations of common items

Item

Calculation

Effective time
[hgis/year]

Annual production [ty,/year]

operating

Cost/metric ton of dry matter
[SEK/tdm]

Specific capital costs
[SEK/(ha x year)]

Specific O & M costs
[SEK/(ha x year)]

Specific costs for expendables
[SEK/(ha x year)]

Technical life time [hours]

Wear per hour [kg/h,]

Wear per produced
biomass [kg/tym]

Wear per ha [kg/ha]

Direct energy required / (ha x
year) [MJ/(ha x year)]

Direct energy required / metric
ton of dry matter [MJ/tyn,]

Embodied energy [MJ/tyy]

ton

Embodied energy [MIJ/(ha x
year)]

(The operating time [h,/year]) x (utilization factor)

(The operating time) x (utilization factor) x (production
per effective hour)

The quotient of the total annual cost and the annual
production.

(Total capital costs) / (treated area) x (number of
occasions per rotation period) / (length of rotation
period)

(Total O & M costs) / (treated area) x (number of
occasions per rotation period) / (length of rotation
period)

(Total costs for expendables) / (treated area) x (number
of occasions per rotation period) / (length of rotation
period)

(The technical life time in years) x (the operating time
per year)

The quotient of the weight and the technical lifetime.

(Wear per hour) x (actual operating time per year) /
(annual production of biomass)

(Wear per hour) / (treated area per hour)

The quotient of the annual amount of direct energy

required and the annual treated area.

The quotient of the annual amount of direct energy

required and the annual production of biomass.

Eembodied [GJ] x 10® / (Technical life time [years] x
production per effective hour [ty,/hgis] x effective
operating time [hg,s/year])

Eembodicd [GJ] x 10° / (Technical life time [years] x
production per effective hour [ha/hgs] x effective
operating time [hg;s/year])
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Table A.J-1 continued

a)
b)

¢)

d)
e)

h)

)
i)
k)

)

Data from Aldentun (2002).

The heating value for horticultural peat was assumed as equal to the heating value of
milled peat and variant of sod peat, according to Burvall (2003). The LHV for milled
peat and variant of sod peat = 0.8 MWh/m®> = 0.8 x 10° x 3600 J/m®> = 2.88 GJ/m’.
Density of peat = 300 kg/m® (Statistics Sweden, 2002). Thus, the LHV = 2880 / 300
MJ/kg = 9.6 MJ/kg. The solar transformity for peat = 1.9 x 10* sej/J (Odum, 1996).
Thus, the solar transformity [sej/kg] = 1.9 x 10* x 9.6 x 10° sej/kg = 1.824 x 10" sej/kg.
The HHV was used as primary energy conversion factor for peat. The moisture content
of milled peat and variant of sod peat with the LHV being 9.6 MJ/kg (see footnote b)
was assumed as 50%. Thus, the HHV = (9.6 / 0.50 + 1.32) MJ/kgy, = 20.52 MJ/kggp,.
Solar transformity for nitrogen in nitrogen fertilizer = 4.60 x 10'” sej/kg (Odum, 1996).
The nitrogen content in the forest fertilizer Skog-CAN = 27.2% (Skogens Godslings
AB, 2004). Thus, the amount of emergy in the fertilizers used = 2.03 x 0.272 x 4.60 x
10" sej = 2.54 x 10" sej.

The amount of embodied energy in nitrogen fertilizer = 48 MJ/kg (Borjesson, 1996).
The solar transformity for polymer materials was assumed equal to the solar
transformity for refined fuels from crude oil, being 47,900 sej/J (Doherty, Nilsson &
Odum, 2002).

The total amount of polymer materials = 4.97 kg/1000 seedlings. The LHV of polymer
materials was assumed as equal to the LHV of propane and butane, being 46.1 MJ/kg
(Swedish Energy Agency, 2004b). Thus, the amount of emergy in the polymer
materials used = 4.97 x 4.61 x 107 x 4.79 x 10" s¢j/1000 seedlings = 1.10 x 10"
sej/1000 seedlings.

The amount of embodied energy in polymer materials, including transport to
component manufacturing = 44.9 MJ/kg (see Table A.I-1 and A.I-4).

The total amount of polymer materials = 4.97 kg/1000 seedlings. Thus, the amount of
embodied energy in the polymer materials used = 4.97 x 44.9 MJ/1000 seedlings =
223.21 MJ/1000 seedlings.

The solar transformity for refined fuels from crude oil = 47,900 sej/J (Doherty, Nilsson
& Odum, 2002).

See Table 2-1.

Solar transformity for hydroelectric power generated in Sweden = 80,200 sej/J (Odum,
1996).

310



Table A.J-2. Physical data for silviculture

Item Treated  Fuel use Mass depreciation Embodied energy
area®  [MJ/ha] [kg/ha] [kg] [MJ/ha] [MJ/ha of
[ha/year] total
forest
land]
Cleaning 55,000 53.46°
Scarification 195,624  886.94° 0.436° 26.72
Planting and 177,840  283.13¢
sawing
Precommercial 222,300 53.46°
thinning
Forest fertilization 20,000  363.49"  0.193" 29.26
Ash recirculation 217,600  583.38¢% 0.193¢ 58.52
Forest draina_lgeh 3.55E-04 7758 2.20E-03
Forest roads' 2.45E-02 536,098 0.152

a)
b)

<)
d)

e)

See Table 3-3.

The direct energy use at cleaning was assumed equal to the direct energy use at
precommercial thinning, i.e. 53.46 MJ/ha (see footnote ¢).

See Table A.J-3.

The sum of diesel oil and engine oil required at manual planting is 5.00 l/ha in Northern
Sweden and 10.78 l/ha in Southern Sweden (Berg & Lindholm, 2005). Thus, the
average amount of diesel oil and engine oil required = (5.00 + 10.78) / 2 /ha = 7.89
1/ha. LHV giesel oit = 35.9 MJ/1 (Swedish Energy Agency, 2004b). The LHV of engine oil
was assumed equal to the LHV of diesel oil. Thus, the corresponding energy amount =
7.89 x 35.9 MJ/ha = 283.13 MJ/ha.

The consumption of petrol is 1.23 kg/ha at precommercial thinning in Sweden (Berg &
Karjalainen, 2003). pyegor = 750 kg/m3 (The Swedish Petroleum Institute, 9-Oct-2005
(URL)) and LHV ¢ = 32.6 MJ/1 (Swedish Energy Agency, 2004b). Thus, the direct
energy required at precommercial thinning = 1.23 x 32.6 / 0.75 MJ/ha = 53.46 MJ/ha.
See Table A.J-4.

See Table A.J-5.

See Table A.J-6.

See Table A.J-7.
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Table A.J-3. Data for soil scarification

Item Forwarder Mounder Total Total
costs in €
Investment [SEK] 1600,000" 1100,000° 2700,000 296,085
Remaining value® [%] 10% 10%
Operating time® [h,/year] 4368 4368
Economic life time [year] 8 6
Interest rate [%] 6% 6%
Capital costs [SEK/year] 231,892 201,329
Capital costs [SEK/h,] 53.09 46.09
Service & maintenance costs 100,000° 183,333"
[SEK/year]
Other costs [SEK/year] 64,800°
Total service & maintenance 164,800 183,333
costs [SEK/year]
Total service & maintenance 37.73 41.97
costs [SEK/h,]
Personnel costs [SEK/h,] 170.00h_
Personnel costs [SEK/year] 1485,120'
Actual operating time [h,/year] 4368 4368
Utilization factor’ [%] 85% 85%
Effective operating time 3713 3713
[hgys/year]
Capital costs [SEK/year] 231,892 201,329 433,221 47,507
Total service & maintenance 164,800 183,333 348,133 38,177
costs [SEK/year]
Personnel costs [SEK/year] 1485,120 1485,120 162,860
Fuel [Vhgys ] 21.0
Fuel [l/year] 77,969 77,969
LHV e [MI/]] 35.9!
Fuel required [MJ/year] 2799,080 2799,080
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 545,782 545,782 59,851
Total costs” [SEK/year] 2427,593 384,662 2812,256 308,395
Treated area [ha/hg;s] 0.85°
Treated area [ha/year] 3156 3156
Total costs per hectare [SEK/ha] 891.12
Capital costs per hectare 137.27
[SEK/ha]
Weight [t] 16.0° 4.59 20.5
Technical life time' [years] 16 12
Technical life time [hours] 69,888 52,416
Wear per hour [kg/h,] 0.229 0.086
Wear per hectare [kg/ha] 0.317 0.119 0.436
Solar transformity [sej/kg] 2.97E+12° 1.52E+12° 2.65E+12'
Direct energy required per 886.94 886.94
hectare [MJ/ha]
Embodied energy® [GJ] 1133 162.7
Embodied energy" [MJ/(ha x 22.42 4.30 26.72

year)]

a) Data from Gullberg (2003).
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Table A.J-3 continued

b)
¢)
d)

e)
f)
g)

Q)

1)
s)
t)

The investment cost of the three-row mounder Bracke M36.a is 1100,000 SEK
(Andersson, 2004).

According to cost calculations of forestry equipment performed by Andersson &
Nordén (2000).

The equipment is operated by almost three shifts and the number of working hours is 12
h, per shift (Andersson, 2004). The equipment was assumed being used 26 weeks per
year. Thus, the annual operating time = 24 x 7 x 26 h,/year = 4368 h,/year.

Assumed as equal to the quotient of half the investment cost and the economic life time.
Assumed as equal to the quotient of the investment cost and the economic life time.
Other costs were assumed equal to other costs received for bundling (see Table A.J-14).
Travelling costs = 50,400 SEK/year, insurances = 8400 SEK/year and tyre costs = 6000
SEK/year (Andersson & Nordén, 2000). Thus, the sum of other costs = (50,400 + 8400
+6000) SEK/year = 64,800 SEK/year.

Data from Bredberg (2004).

The number of personnel is 2 per shift (Andersson, 2004). Thus, the personnel costs =
170.00 x 2 x 4368 SEK/year = 1485,120 SEK/year.

Assumed value.

Data from Berg & Karjalainen (2003).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The sum of capital costs, service & maintenance costs, personnel costs and fuel costs.
Data from Andersson (2004).

The minimum weight of a John Deere forwarder 1110D 8W is 15,370 kg (John Deere
International, 16-Aug-2005 (URL)). The weight of the forwarder including accessories
was assumed to be 16.0 t.

The weight of the three-row mounder Bracke M36.a is 4,500 kg (Bracke Forest AB,
2005 (URL)).

The technical life time was assumed as twice as long as the economic life time.

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (16.0 x 2.97 x 10" + 4.5 x 1.52 x 10'%) / 20.5 sej/kg = 2.65 x 10'? sej/kg.
The total embodied energy = (22.42 + 4.30) MJ/(ha x year) = 26.72 MJ/(ha x year).
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Table A.J-4 continued

a)
b)
¢)
d)
e)

1)

s)
t)

w)

x)
2)

Medium-large forwarders were used as tractors for the spreader equipments.

Data from Staland (2004).

The investment cost for a medium-large forwarder is 1600,000 SEK (Gullberg, 2003).
Data from Gunnarsson (2004).

According to cost calculations of forestry equipment performed by Andersson &
Nordén (2000).

The remaining value for the spreaders was assumed to correspond to the scrap value.
Data from Huss (2004).

Assumed as equal to the quotient of the investment cost and the economic life time.
Taxes = 40,000 SEK/year, insurances = 42,000 SEK/year and tyre costs = 75,000
SEK/year (Staland, 2004). Thus, the sum of other costs = (40,000 + 42,000 + 75,000)
SEK/year = 157,000 SEK/year.

Travelling costs = 50,400 SEK/year, insurances = 8400 SEK/year and tyre costs = 6000
SEK/year (Andersson & Nordén, 2000). Thus, the sum of other costs = (50,400 + 8400
+ 6000) SEK/year = 64,800 SEK/year.

Data from Bredberg (2004).

The number of personnel is 2 per shift (Gunnarsson, 2004).

Calculated as the ratio of the effective operating time and the actual operating time.

The average speed was assumed as 70 km/h. Thus, the fuel consumption = 70 x 0.6
l/hGIS =42.0 1/hG15~

The fuel consumption at fertilization = 12.0 1/hg;s (Gunnarsson, 2004).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
Data from Lundh (2005). Delivered in sacks with the weights being 1000 kg. A carriage
corresponding to 80 SEK/t is included.

The sum of capital costs, service & maintenance costs, personnel costs and fuel costs.
The nitrogen content in the forest fertilizer Skog-CAN = 27.2% (Skogens Godslings
AB, 2004 (URL)). Thus, the spread amount of fertilizer = 150 / 0.272 kg/ha = 551
kg/ha.

The weight of a John Deere forwarder 1410D 6W is 15,200 kg as a minimum (Deere &
Company, 27-Jun-2005 (URL)). The total weight of the forwarder was assumed as
16,000 kg.

The weight of a spreader with 1200 kg of loading weight is 625 kg (Sonesson, 1993).
The loading weight of the spreaders used for ash recirculation is 6000 kg as a maximum
(Gunnarsson, 2004). The weight of the spreaders was assumed as 2000 kg.

The technical life time was assumed as twice the economic life time.

The spreaders are scrapped after 5 years (Gunnarsson, 2004).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (20 x 2.60 x 10> + 16 x 2.97 x 10 +2.0 x 1.31 x 10"* + 16 x 2.97 x 10"
+2.0x 1.31 x 10'%) /56 sej/kg = 2.72 x 10" sej/kg.
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Table A.J-5 continued

a)
b)
<)
d)
e)

1)
s)

t)
u)

v)
X)

Medium-large forwarders were used as tractors for the spreader equipments.

Data from Staland (2004).

The investment cost for a medium-large forwarder is 1600,000 SEK (Gullberg, 2003).
Data from Gunnarsson (2004).

According to cost calculations of forestry equipment performed by Andersson &
Nordén (2000).

The remaining value for the spreaders was assumed to correspond to the scrap value.
Data from Huss (2004).

Assumed as equal to the quotient of the investment cost and the economic life time.
Taxes = 40,000 SEK/year, insurances = 42,000 SEK/year and tyre costs = 75,000
SEK/year (Staland, 2004). Thus, the sum of other costs = (40,000 + 42,000 + 75,000)
SEK/year = 157,000 SEK/year.

Travelling costs = 50,400 SEK/year, insurances = 8400 SEK/year and tyre costs = 6000
SEK/year (Andersson & Nordén, 2000). Thus, the sum of other costs = (50,400 + 8400
+ 6000) SEK/year = 64,800 SEK/year.

Data from Bredberg (2004).

The number of personnel is 2 per shift (Gunnarsson, 2004).

Calculated as the ratio of the effective operating time and the actual operating time.

The average speed was assumed as 70 km/h. Thus, the fuel consumption = 70 x 0.6
1/h015 =42.0 l/hGIS-

The fuel consumption was assumed as half of the fuel consumption at fertilization. The
fuel consumption at fertilization = 12.0 l/hg;s (Gunnarsson, 2004). Thus, the fuel
consumption at ash recirculation = 12.0 / 2 /hg;s = 6.0 1/hg;s.

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The sum of capital costs, service & maintenance costs, personnel costs and fuel costs.
The weight of a John Deere forwarder 1410D 6W is 15,200 kg as a minimum (Deere &
Company, 28-Jun-2005 (URL)). The total weight of the forwarder was assumed as
16,000 kg.

The weight of a spreader with 1200 kg of loading weight is 625 kg (Sonesson, 1993).
The loading weight of the spreaders used for ash recirculation is 6000 kg as a maximum
(Gunnarsson, 2004). The weight of the spreaders was assumed as 2000 kg.

The technical life time was assumed as twice the economic life time.

The spreaders are scrapped after 5 years (Gunnarsson, 2004).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (20 x 2.60 x 10"? + 16 x 2.97 x 10 +2.0 x 1.31 x 10> + 16 x 2.97 x 10"
+2.0x 1.31x 10"%) /56 sej/kg =2.72 x 10" sej/kg.
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Table A.J-6. Data for construction and maintenance of forest drainage
Item Costs in €
Investments [SEK/year] 525,000*
Maintenance costs [SEK/year] 10000,000°
Total costs [SEK/year] 10525,000 1154,000
Capital costs [SEK/year] 2363,000° 259,200
Capital costs [SEK/ha] 0.108¢
Wear [kg/year] 7758°
Wear [kg/ha] 3.55E-04"
Weight of a compact wheel loader [t] 8.08
Technical life time [years] 10]1_
Embodied energy of a compact wheel loader [GJ] 495.4'
Embodied energy [MJ/(kg x year)] 6.19
Embodied energy [kJ/(ha x year)] 2.20%

a) During 1995, 1998, 1999 and 2000, the average cost for construction of new ditches

b)

d)

e)

g)
h)
i)
i)
k)

320

was 7.01 SEK/m, and in 2002, the length of new ditches was 75 km (National Board of
Forestry, 2004). The annual cost for construction of new ditches was assumed as 75,000
x 7 SEK = 525,000 SEK.

During the years 1995, 1998, 1999 and 2000, the maintenance cost for forest drainage
varied from 6.3 MSEK through to 17.2 MSEK (National Board of Forestry, 2004). In
this work, the maintenance cost for forest drainage was assumed as 10.0 MSEK/year.
The capital cost at construction and maintenance of forest drainage was assumed as
proportional to the capital cost and total costs of harvesting and forwarding of
roundwood at final felling. The total costs of harvesting and forwarding at final felling
= (14.60 + 45.00 + 9.48 + 38.15) SEK/ty,, = 107.24 SEK/ty,,, and the capital cost of
harvesting and forwarding at final felling = (14.60 + 9.48) SEK/ty,, = 24.08 SEK/ty,
(see Tables A.J-8 and A.J-11). Thus, the capital cost at construction and maintenance of
forest drainage = 10525,000 x 10° x 24.08 / 107.24 SEK/year = 2363,000 MSEK /year.
The capital cost at construction and maintenance of forest drainage per hectare of forest
land =2.363 x 10°/ (21.84 x 10°) SEK/ha = 0.108 SEK/ha.

The mass depreciation at construction and maintenance of forest drainage was assumed
as proportional to the mass depreciation and total costs of harvesting and forwarding of
roundwood at final felling. The total costs of harvesting and forwarding at final felling
=(14.60 + 45.00 + 9.48 + 38.15) SEK/ty, = 107.24 SEK/t4y,, and the mass depreciation
of harvesting and forwarding at final felling = (0.042 + 0.037) kg/tyn, = 0.079 kg/tyn
(see Tables A.J-8 and A.J-11). Thus, the mass depreciation at construction and
maintenance of forest drainage = 10.525 x 10° x 0.079 / 107.24 kg/year = 7758 kg/year.
The mass depreciation at construction and maintenance of forest drainage per hectare of
forest land = 7758 / (21.84 x 10°) kg/ha = 3.55 x 10" kg/ha.

The operating weight of a Volvo compact wheel loader L40B is 7,900 — 8,400 kg
(Volvo Construction Equipment Corporation, 2005 (URL)).

The average technical life time for equipment used for construction and maintenance of
forest drainage was assumed as 10 years.

See Table A.H-7.

Embodied energy [MJ/(kg x year)] =495.4 / (8.0 x 10) MJ/(kg x year) = 6.19 MJ/(kg x
year).

Embodied energy [MJ/(ha x year)] = (embodied energy (MJ/(kg x year))) x (wear
(kg/ha)). Thus, the amount of embodied energy [MJ/(ha x year)] = 6.19 x 3.55 x 10™
MJ/(ha x year) = 2.20 kJ/(ha x year).



Table A.J-7. Data for construction and maintenance of forest roads

Item Costs in €
Investments [SEK/year] 122075,000*
Maintenance costs [SEK/year] 605233,000%
Total costs [SEK/year] 727308,000 79757,400
Capital costs [SEK/year] 163316,000°  17909,400
Capital costs [SEK/ha] 7.48°
Wear [kg/year] 536,098¢
Wear [kg/ha] 2.45E-02°
Weight of a compact wheel loader [t] 8.0
Technical life time [years] 108
Embodied energy of a compact wheel loader [GJ] 495 .4'?
Embodied energy [MJ/(kg x year)] 6.19'
Embodied energy [MJ/(ha x year)] 0.152

a) Data from National Board of Forestry (2004).

b) The capital cost at construction and maintenance of forest roads was assumed as
proportional to the capital cost and total costs of harvesting and forwarding of
roundwood at final felling. The total costs of harvesting and forwarding at final felling
= (14.60 + 45.00 + 9.48 + 38.15) SEK/ty,, = 107.24 SEK/ty,, and the capital cost of
harvesting and forwarding at final felling = (14.60 + 9.48) SEK/ty,, = 24.08 SEK/ty,
(see Tables A.J-8 and A.J-11). Thus, the capital cost at construction and maintenance of
forest roads = 727.308 x 10° x 24.08 / 107.24 SEK/year = 163.316 MSEK/year.

c) The capital cost at construction and maintenance of forest roads per hectare of forest
land = 1.63316 x 10%/ (21.84 x 10%) SEK/ha = 7.48 SEK/ha.

d) The mass depreciation at construction and maintenance of forest roads was assumed as
proportional to the mass depreciation and total costs of harvesting and forwarding of
roundwood at final felling. The total costs of harvesting and forwarding at final felling
=(14.60 + 45.00 + 9.48 + 38.15) SEK/tyq, = 107.24 SEK/t4,, and the mass depreciation
of harvesting and forwarding at final felling = (0.042 + 0.037) kg/tgm = 0.079 kg/ty,
(see Tables A.J-8 and A.J-11). Thus, the mass depreciation at construction and
maintenance of forest roads = 727.308 x 10° x 0.079 / 107.24 kg/year = 536,098
kg/year.

e) The mass depreciation at construction and maintenance of forest roads per hectare of
forest land = 536,098 / (21.84 x 10°%) kg/ha = 2.45 x 107 kg/ha.

f) The operating weight of a Volvo compact wheel loader L40B is 7,900 — 8,400 kg
(Volvo Construction Equipment Corporation, 2005 (URL)).

g) The average technical life time for equipment used for construction and maintenance of
forest drainage was assumed as 10 years.

h) See Table A.H-7.

i) Embodied energy [MJ/(kg x year)] =495.4 / (8.0 x 10) MJ/(kg x year) = 6.19 MJ/(kg x
year).

j) Embodied energy [MJ/(ha x year)] = (embodied energy (MJ/(kg x year))) x (wear

(kg/ha)). Thus, the amount of embodied energy [MJ/(ha x year)] = 6.19 x 2.45 x 102
MJ/(ha x year) = 0.152 MJ/(ha x year).
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Table A.J-8 continued

a)
b)

<)
d)

e)

n)

0)
p)

)
r)

s)
t)
w)
v)

w)

Data from Gullberg (2003).

Additional investment cost of a CRL machine for trees from early thinning was
assumed as 200,000 SEK.

Assumed value.

The work was assumed as being performed in two shifts of 210 days per year, 8 h, per
shift. Annual operating time =2 x 210 x 8 h,/year = 3360 h,/year.

According to cost calculations of forestry equipment performed by Andersson &
Nordén (2000).

Assumed as equal to the quotient of the investment cost and the economic life time.
Travelling costs = 50,400 SEK/year, insurances = 8400 SEK/year and tyre costs = 6000
SEK/year (Andersson & Nordén, 2000). Thus, the sum of other costs = (50,400 + 8400
+ 6000) SEK/year = 64,800 SEK/year.

Data from Bredberg (2004).

Data from Berg & Karjalainen (2003).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The sum of capital costs, service & maintenance costs, personnel costs and fuel costs.
In the beginning of the 1990s, the performance at final felling was about 60 trees/hg;s at
a tree volume of 0.35 m3fpb /tree (Brunberg, 1992). Today, the performance at final
felling is assumed as 75 trees/hg,s at a tree volume of 0.35 m’ fpy/tree.

The performance at thinning was assumed as 82 trees/hg;s at a tree volume of 0.22 m3fpb
/tree, according to Brunberg (1997).

Data from Lonner et al. (1998).

The basic density was assumed as 420 kgg,/m®. The production per effective hour
[tdm/hGIS] = Nirees / hGlS X Vtree X p.

The production per effective hour [m’#hg15] = Neees / hg1s X Viee-

The weight of a John Deere 1470D harvester is 19.7 t (Deere & Company, 26-Jun-2005
(URL)).

The weight of a John Deere 1070D harvester is 14.1 t (Deere & Company, 27-Jun-2005
(URL)).

The weight of a harvester for early thinning is 12.0 t and the weight of a CRL machine
for trees from early thinning is 3.0 t (see Table A.I-7). Thus, the total weight of the
equipment = 15.0 t.

The technical life time was assumed as twice the economic life time.

See Table A.I-7.

The total solar transformity was weighted with regard to the weights of the equipment.
The solar transformities for a harvester for early thinning was 2.97E+12 sej/kg and
1.64E+12 sej/kg for a CRL machine for trees from early thinning (see Table A.H-7).
Thus, the total solar transformity = (12.0 x 2.97 x10'* + 3.0 x 1.64 x10'%) / 15.0 sej/kg =
2.71 x10" sej/kg.

The amount of embodied energy for a harvester for early thinning was 849.2 GJ and
117.2 GJ for a CRL machine for trees from early thinning (see Table A.I-7). Thus, the
total amount of embodied energy = (849.2 + 117.2) GJ = 966.4 GlJ.
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Table A.J-9. Data for felling, delimbing and cutting with power saw

Item Felling- Costs Felling Costs
delimbing- in€ withpower in€
cutting saw
with power
saw
Investment” [SEK] 6000 658 6000 658
Remaining value® 10% 10%
Operating time [h,/year] 100° 4809
Utilization factor® [%] 80% 80%
Life cycle® [year] 8 8
Interest rate [%] 6% 6%
Capital costs [SEK/year] 870 95 870 95
Service & maintenance costs® [SEK/year] 375 375
Other costs [SEK/year]
Total service & maintenance costs [SEK/year] 375 41 375 41
Personnel costs’ [SEK/h,] 170.00 170.00
Personnel costs [SEK/year] 17,000 1864 81,600 8948
Fuel [Vhgs] 0.55¢ 0.55"
Fuel [l/year] 44 211
LHVg,' [MI/1] 32.6 32.6
LHVy, [MJ/year]] 1434 6885
Fuel cost’' [SEK/1] 7.00 7.00
Fuel cost per year [SEK/year] 308 34 1478 162
Operating costs* [SEK/year] 17,683 1939 83,453 9152
Total annual costs' [SEK/year] 18,553 2034 84,323 9247
Production per effective operating hour 0.8" 3.7
[tam’'hG1s]
Annual production [ty,/year] 61.2 1437.0
Cost/unit [SEK/tgn] 303.38 58.68
Capital costs [SEK/tyy] 14.22 0.61
O & M costs [SEK/t4n] 289.16 58.07
Weight® [t] 0.006 0.006
Technical life time® [years] 16 16
Technical life time [hours] 1600 7680
Wear per hour [kg/h,] 0.004 0.001
Wear per produced ton biomass [kg/tgm] 0.006 0.0003
Solar transformity? [sej/kg] 1.64E+12 1.64E+12
Direct energy required per metric ton dry 23.46 4.79
matter [MJ/tqn]
Embodied energy? [G]] 0.23 0.23
Embodied energy [MJ/tyy] 0.240 0.010

a) The investment costs of Husqvarna power saws for professional use range from 4800 to
8800 SEK (Husqvarna AB, 2005 (URL)). Thus, the investment cost of a power saw was
assumed as 6000 SEK.

b) Assumed value.

¢) Manual felling-delimbing-cutting was assumed being performed a short time per year
by leisure fellers or owners of small forest properties or workers at ornamental parks
etc.

d) The work was assumed being performed 3 months per year, 8 h, per shift. Annual
operating time = 3 x 20 x 8 hy/year = 480 h,/year.
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Table A.J-9 continued

e)
f)
g)

h)

0)

p)
Q

Assumed as equal to the quotient of half the investment cost and the economic life time.
Data from Bredberg (2004).

Assumed as equal to the fuel consumption at thinning and final felling by power saw,
according to Berg & Karjalainen (2003).

Data from Berg & Karjalainen (2003).

Data from Swedish Energy Agency (2004b).

The cost of petrol was assumed as 7.00 SEK/litre.

The sum of service & maintenance total costs, personnel costs and fuel costs.

The sum of capital costs and operating costs.

The performance when the average diameter in breast height ranges from 10 to 30 cm is
1.20 through to 0.45 hy/m’ at normal conditions (Sennblad & Gustafson, 1975). Thus,
the variation in production at the same variation in average diameter in breast height =
095 / (1.20 x 0.80) through 0.95 / (0.45 x 0.80) m fb/hGIS = 0.99 through to 2.64
m fpb/hms The average production = ((2.64 — 0.99) / 2 + 099 m fpb/hGls = 1.82
m fpb/h(]15 The basic density was assumed as 420 kgdm/m pb- Thus, the production =
1.82x0.42 tdm/hGIS =0.76 tdm/hGIS

The performance when the average diameter in breast height ranges from 15 cm to 30
cm is 0.20 through to 0.10 hy/m’y, (Sennblad & Gustafson, 1975). Thus, the variation in
production at the same variation in average diameter in breast height = O 95 /(0.20 x
0.80) through 0.95 / (0.10 x 0.80) m fpb/h015 = 5 94 through 11. 88 m fpb/h015 The
average production = ((11.88 — 5. 94) /2+594)m fpb/hGl5 =891 m fpb/hGl5 The basic
density was assumed as 420 kgdm/m fob- Thus, the production = 8.91 x 0.42 t4y/hgis =
3.74 tygw/hgs.

The weights of Husqvarna power saws for professional use range from 3.8 to 10.4 kg
(Husqvarna AB, 2005 (URL)). Thus, the weight of a power saw was assumed as 6.0 kg.
The technical life time was assumed as twice the economic life time.

See Table A.I-7.
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Table A.J-10. Data for tractor and delimbing-cutting processor

Item Tractor Processor Total  Costs
in €
Investment [SEK] 300,000°  180,000° 480,000 52,637
Remaining value [%] 15%* ¢ 25%"¢
Operating time [h,/year] 1000° 430¢
Economic life time [year] 1" 8!
Interest rate [%] 6% 6%
Capital costs [SEK/year] 32,332 21,740
Capital costs [SEK/h,] ) 32.33 45.29
Service & maintenance costs' [SEK/year] 27,273 22,500
Other costs [SEK/year] 5000
Total service & maintenance costs 32,273 22,500
[SEK/year]
Total service & maintenance costs [SEK/h,] 32.27 46.88
Personnel costs [SEK/h,] 170.00¢
Personnel costs [SEK/year] 170,000
Actual operating timel [hy/year] 480 480
Utilization factor' [%)] 85% 85%
Effective operating time [hg;s/year] 408 408
Capital costs [SEK/year] 15,519 21,740 37,259 4086
Total service & maintenance costs 15,491 22,500 37,991 4166
[SEK/year]
Personnel costs [SEK/year] 81,600 81,600 8948
Fuel [1/h015] 5.00™
Fuel [I/year] 2040 2040
LHV gt [MJ/]] 35.9"
Energy required [MJ/year] 73,236 73,236
Specific fuel cost 7.00°
Fuel costs [SEK/year] 14,280 14,280 1566
Total costs [SEK/year] 126,890 44,240 171,130 18,766
Performance
Trees per effective hour [trees/hg;s] 78P
Volume per tree [m’f /tree] 0.25
Production per effective hour, weight? 8.2
[tam'hG1s]
Production per effective hour, volume' [m’*f 19.5
hgis]
Production, dry matter weight [ty,/year] 3342
Weight [t] 5.0° 1.5 6.5
Technical life time' [years] 22 16
Technical life time [hours] 22,000 7680
Wear per hour [kg/h,] 0.227 0.195
Wear per produced ton biomass [kg/tgy] 0.033 0.028 0.061
Solar transformity [sej/kg] 2.60E12" 1.64E12" 2.38E12"
Direct energy required per metric ton dry 21.92 21.92
matter [MJ/ty,]
Embodied energy" [GJ] 309.6 58.6
Embodied energy [MJ/tgy] 2.02 1.10 2.07%

a) Data from Gullberg (2003).
b) Data from Eklund (2004).
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Table A.J-10 continued

©)

d)
e)
f)

g)
h)

1)
s)

t)

w
V)

w)

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

The remaining value for tractors used in forestry was assumed as 15% after 11 years.
The remaining value was assumed as 25% after 8§ years.

The annual operating time for tractors was assumed as 1000 h,/year, according to
Hadders, Jonsson, & Sundberg (1997).

The work was assumed being performed 3 months per year, 8 h, per shift. Annual
operating time = 3 x 20 x 8 hy/year = 480 h,/year.

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)). It was assumed that the
economic life time for tractors used in forestry was equal to the economic life time for
tractors used in agriculture, i.e. 11 years.

Assumed value.

Assumed as equal to the quotient of the investment cost and the economic life time.
Data from Bredberg (2004).

See footnote g.

The fuel cost is 30 SEK/hg;s (Gullberg, 2003). The fuel cost = 7.00 SEK/litre (see
footnote o). Thus, the amount of fuel required = 30 / 7.00 litre/hg;s = 5.00 litre/hg,s.
Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The performance was assumed as 78 trees/hgs at a tree volume of 0.25 m3fpb /tree,
according to Gullberg (2004).

The basic density was assumed as 420 kgg,/m’. The production per effective hour
[tdm/h015] = Dyrees / hGlS X Vtrcc X p.

The production per effective hour [m3f/hG15] = Nyees / NG5 X Vigee-

The average shipping weight of a John Deere 6620SE is 5,020 kg (John Deere
International, 27-Jun-2005 (URL)).

The technical life time was assumed as twice the economic life time.

See Table A.I-7.

The total solar transformity = the weighted value with regard to the weights of the
equipment. Thus, the total solar transformity = (5.0 x 2.60 x 10" + 1.5 x 1.64 x 10'%) /
6.5 sej/kg = 2.38 x 10" sej/kg.

The total embodied energy = the sum of embodied energy with regard to the annual
actual operating time. Thus, the total embodied energy = (480 / 1000 x 2.02 + 480 / 480
x 1.10) MJ/tgn, = 2.07 MI/t4m.
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Tab

a)
b)

c)

d)
e)

g)
h)
i)
i)}
k)
1

m)

n)

0)

p)

)

1)
s)

t)

u)
V)
w)
X)
y)
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le A.J-11 continued

Data from Gullberg (2003).

According to cost calculations of forestry equipment performed by Andersson &
Nordén (2000).

The work was assumed being performed in two shifts 210 days per year, 8 h, per shift.
Annual operating time = 2 x 210 x 8 hy/year = 3360 h,/year.

Assumed as equal to the quotient of half the investment cost and the economic life time.
Travelling costs = 50,400 SEK/year, insurances = 8400 SEK/year and tyre costs = 6000
SEK/year (Andersson & Nordén, 2000). Thus, the sum of other costs = (50,400 + 8400
+ 6000) SEK/year = 64,800 SEK/year.

Data from Bredberg (2004).

Gullberg (2003) estimates the fuel cost to be 78 SEK/hgs5, when the fuel cost is 6.00
SEK/litre. Thus, the amount of fuel required = 78 / 6.00 litre/hg;s = 13.0 litre/hgs.
Gullberg (2003) estimates the fuel cost to be 60 SEK/hg;s, when the fuel cost is 6.00
SEK/litre. Thus, the amount of fuel required = 60 / 6.00 litre/hg;s = 10.0 litre/hgs.

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The sum of capital costs, service & maintanenance costs, personnel costs and fuel costs.
The cross sectional area was assumed as 5.4 m’ according to the minimum cross
sectional area of a John Deere forwarder 1710D VLS (Deere & Company, 27-Jun-2005
(URL))3. The load height was assumed as 5.0 m. Thus, the load space = 5.4 x 5.0 m® =
27.0m’.

The cross sectional area was assumed as 2.5 x 2.5 m* = 6.25 m?, according to a medium
cross sectional area of a John Deere forwarder 1710D VLS (Deere & Company, 27-Jun-
2005 (URL)). The load height was assumed as 5.0 m. Thus, the load space = 6.25 x 5.0
m’=31.25m’.

The cross sectional area of a John Deere forwarder 810D = 3.3 — 3.9 m? (John Deere
International, 16-Aug-2005 (URL)). Thus, the cross sectional area was assumed as 3.7
m’ and3 the load height was assumed as 4.0 m. Thus, the load space = 4.0 x 3.7 m’® =
148 m’.

The percentage of solid volume for pulp wood of pine = 65 — 72%. The corresponding
percentage of solid volume for pulp wood of spruce and birch = 65 — 73% and 50 —
68% respectively (Nylinder, 1979). The average percentage of solid volume of
roundwood was assumed as 65%.

The percentage of solid volume for undensified logging residues is 10 —20% (Nylinder,
1979). The average percentage of solid volume for baled logging residues was assumed
as 40%.

The percentage of solid volume for broad-leaf trees and coniferous trees with the
average diameter being 10 cm is 56 — 59% and 64 — 67% (Nylinder, 1972). The average
percentage of solid volume for trees received at thinning was assumed as 60%.

The basic density of wood = 420 kgdm/m3f (see Table A.B-2).

The basic density of logging residues from pine and spruce is 395 kggn/m’ and 425
kgam/m’; respectively (Hakkila, 1978). Thus, the average value of the basic density of
logging residues from pine and spruce = (395 + 425) / 2 kggn/m’s = 410 kggn/m’r.

Voiig per load = (load space) x (percentage of solid volume)

Dry matter per load = pyeod X Vioia/ load

The average speed was assumed as 3.6 kg/h, according to Andersson & Nordén (2000).
The transport distance was assumed as 450 m.

Travel distance = 2 x (transport distance)

Edin & Forsman (2002) estimate the average time for loading and unloading to be
72.5% of the total time used for forwarding.

The time for loading and unloading of roundwood at final felling was assumed as
70.0% of the total time used for forwarding.



Table A.J-11 continued

aa) The time for loading and unloading at forwarding of bales received at final felling was
assumed as somewhat shorter than the time required for loading and unloading of
roundwood at final felling.

bb) The time for loading and unloading of roundwood at thinning was assumed as 75.0% of
the total time used for forwarding.

cc) The time for loading and unloading at forwarding of bales received at thinning was
assumed as equal to the time required for loading and unloading of bales received at
final felling.

dd) Time per turn = (time for loading and unloading) + (travel distance) / (speed)

ee) Production per effective hour [ty,/hgis] = (dry matter per load) / ((time for loading and
unloading) + (travel distance) / (speed))

ff) Production per effective hour [m’; /hg;s] = (production per effective hour) / pyood

gg) The weight of a John Deere forwarder 1710D 6W = 18,100 kg (Deere & Company, 28-
Jun-2005 (URL)).

hh) The minimum weight of a John Deere forwarder 810D = 10,970 kg (John Deere
International, 16-Aug-2005 (URL)).

ii) The technical life time was assumed as twice the economic life time.

ji) See Table A.I-7.
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Table A.J-12. Data for tractor and trailer with grapple loader for forwarding

Item Tractor Trailer Total Total
costs in
€
Investment [SEK] 300,000* 90,000 390,000 42,768
Remaining value [%] 15%"¢ 2599
Operating time [h,/year] 1000¢ 480°
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 32,332 8559
Capital costs [SEK/h,] 32.33 17.83
Service & maintenance costs” 27,273 8182
[SEK/year] ,
Other costs [SEK/year] 64,300
Total service & maintenance costs 92,073 8182
[SEK/year]
Total service & maintenance costs 92.07 17.05
[SEK/h,] |
Personnel costs [SEK/h,] 170.00
Personnel costs [SEK/year] 170,000
Actual operating time® [h,/year] 480 480
Utilization factor' [%] 85% 85%
Effective operating time [hgs/year] 408 408
Capital costs [SEK/year] 15,519 8559 24,078 2640
Total service & maintenance costs 44,195 8182 52,377 5744
[SEK/year]
Personnel costs [SEK/year] 81,600 81,600 8948
Fuel [I/hgis] 5.00™
Fuel [l/year] 2040 2040
LHV e [MIN] 35.9"
Energy required [MJ/year] 73,236 73,236
Specific fuel cost [SEK/1] 7.00°
Fuel costs [SEK/year] 14,280 14,280 1566
Total costs [SEK/year] 155,594 16,740 172,335 18,898
Load space [m’] 10.0°
Solid volume [%] 654
Density [kggm/m’f ] 4207
Solid volume per load® [m®;/load] 6.50
Dry matter per load' [ty /load] 2.73
Speed [km/h] 3.6"
Transport distance [m] 450"
Travel distance” [m] 900
Loading and unloading [ming;s/load] 45*
Time per turn’ [min] 30
Performance
Production per effective hour, weight” 3.64
[tam'h1s]
Production per effective hour, volume™ 8.7
[m3f/ hgis]
Production, dry matter weight [ty,,/year] 1485
Capital costs [SEK/tyy] 16.21
O & M costs [SEK/tgm] 99.83
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Table A.J-12 continued

Item Tractor Trailer Total
Weight [t] 5.0 3.5% 8.5
Technical life time™ [years] 22 22
Technical life time [hours] 22,000 10,560
Wear per hour [kg/h,] 1.000 2.083
Wear per produced ton biomass [kg/tyy] 0.323 0.673 0.997
Solar transformity [sej/kg] 2.60E12°  1.54E12* 2.16E12"
Direct energy required per metric ton dry 49.31 49.31
matter [MJ/tyn]
Embodied energy®™ [GJ] 309.6 128.2
Embodied energy [MJ/tg,] 4.55 3.92 6.11%

a) Data from Gullberg (2003).

b) The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

¢) The remaining value for tractors used in forestry was assumed as 15% after 11 years.

d) The remaining value was assumed as 25% after 8 years.

e) The annual operating time for tractors was assumed as 1000 h,/year, according to
Hadders, Jonsson, & Sundberg (1997).

f) The work was assumed being performed in 3 months per year, 8 h, per shift. Annual
operating time = 3 x 20 x 8 hy/year = 480 h,/year.

g) The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)). The economic life time for
tractors used in forestry was assumed equal to the economic life time for tractors used
in agriculture, i.e. 11 years.

h) Assumed as equal to the quotient of the investment cost and the economic life time.

i) Other costs were assumed as equal to other costs for forwarder for final felling and
forwarder for thinning, i.e. 64,800 SEK/year (see Table A.D-4, footnote e).

j) Data from Bredberg (2004).

k) See footnote f.

1) Assumed value.

m) The fuel cost is 30 SEK/hg;s (Gullberg, 2003). The fuel cost = 7.00 SEK/litre (see
footnote o). Thus, the amount of fuel required = 30 / 7.00 litre/hg;s = 5.00 litre/hg;s.

n) Data from Swedish Energy Agency (2004b).

0) The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).

p) The cross sectional areas for trailers produced by Moheda System AB range from 1.9 to
3.0 m* (Moheda System AB, 2005 (URL)). Thus, the average cross sectional area for
these trailers is about 2.5 m’. The load height was assumed as 4.0 m. Thus, the load
space =2.5x 4.0 m*=10.0 m’.

q) The percentage of solid volume for pulp wood of pine = 65 — 72%. The corresponding
percentage of solid volume for pulp wood of spruce and birch = 65 — 73% and 50 —
68% respectively (Nylinder, 1979). The average percentage of solid volume of
roundwood was assumed as 65%.

r) The basic density of wood = 420 kgg,/m’; (see Table A.B-2).

s) Vg per load = (load space) x (percentage of solid volume)

t) Dry matter per load = pyeoq X Voiiq/ load

u) The average speed was assumed as 3.6 kg/h, according to Andersson & Nordén (2000).

v) The transport distance was assumed as 450 m.

w) Travel distance = 2 x (transport distance)

335



Table A.J-12 continued

x) The effective operating time for loading and unloading was assumed as equal to the
effective operating time for loading and unloading at forwarding of roundwood at
thinning, i.e. 45 ming,s/load.

y) Time per turn = (time for loading and unloading) + (travel distance) / (speed)

z) Production per effective hour [ty,/hgs] = (dry matter per load) / ((time for loading and
unloading) + (travel distance) / (speed))

aa) Production per effective hour [m’ /hgs] = (production per effective hour) / pyood

bb) The average shipping weight of a John Deere 6620SE is 5020 kg (John Deere
International, 27-Jun-2005 (URL)).

cc) The weight of a Kronos trailer 120 4WD = 1950 kg (Wikar Oy Ab, 7-Sep-2005 (URL)).
The weight of a Kronos loader 5000 XXL with grapple and rotator = 1250 kg (Wikar
Oy Ab, 8-Sep-2005 (URL)). The total weight of the trailer, grapple and loader was
assumed as 3500 kg.

dd) The technical life time was assumed as twice the economic life time.

ee) See Table A.I-7.

ff) The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (5.0 x 2.60 x 10"+ 3.5 x 1.54 x 10'%) / 8.5 sej/kg = 2.16 x 10'? sej/kg.

gg) The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time] = (480 / 1000 x 4.55 + 480 / 480 x 3.92) MJ/tgy, = 6.11 MI/typ,.
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Table A.J-13. Data for tractor and hanger with grapple loader for forwarding

Item Tractor Hanger Total Total
costs in
€
Investment [SEK] 150,000°  40,000° 190,000 20,836
Remaining value [%)] 15%54  25%%¢
Operating time [hu/alear] 1000° 1608
Economic life time" [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 16,166 3804
Capital costs [SEK/h,] ) 16.17 23.77
Service & maintenance costs' [SEK/year] 13,636 3636
Total service & maintenance costs [SEK/h,] 13.64 22.73
Personnel costs [SEK/h,] 170.00/
Personnel costs [SEK/year] 170,000
Actual operating time" [hy/year] 160 160
Utilization factor' [%] 85% 85%
Effective operating time [hg;s/year] 136 136
Capital costs [SEK/year] 2587 3804 6390 701
Total service & maintenance costs 2182 3636 5818 638
[SEK/year]
Personnel costs [SEK/year] 27,200 27,200 2983
Fuel [I/hg;s] 0.70'
Fuel [l/year] 95.2 95.2
LHV e [MIN] 35.9™
Energy required [MJ/year] 3418 3418
Specific fuel cost [SEK/1] 7.00"
Fuel costs [SEK/year] 666 666 73
Total costs [SEK/year] 32,635 7440 40,075 4395
Density [kggn/m’f] 420°
Performance
Production per effective hour, weight 0.5°
[tam’hG15]
Production per effective hour, volume? [m*f 1.2
Ihgs]
Production, dry matter weight [ty,/year] 68.0
Weight [t] 2.0° 1.0° 3.0
Technical life time' [years] 22 22
Technical life time [hours] 22,000 3520
Wear per hour [kg/h,] 1.000 6.250
Wear per produced ton biomass [kg/t4m] 2.353 14.706 17.059
Solar transformity [sej/kg] 2.60E12" 1.54E12" 2.25E12"
Direct energy required per metric ton dry 50.26 50.26
matter [MJ/tqn]
Embodied energy" [GJ] 123.8 36.6
Embodied energy [MJ/tyy] 13.2 24.5 26.6"

a) The investment cost for a small tractor was assumed as 150,000 SEK.
b) The investment cost for a hanger was assumed as 40,000 SEK.
¢) The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years

(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

d) The remaining value for tractors used in forestry was assumed as 15% after 11 years.

e) The remaining value was assumed as 25% after 8 years.
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Table A.J-13 continued

f)

g)
h)

The annual operating time for tractors was assumed as 1000 h,/year, according to
Hadders, Jonsson, & Sundberg (1997).

The work was assumed being performed 1 month per year, 8 h, per shift. Annual
operating time = 20 x 8 h,/year = 160 h,/year.

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)). The economic life time for
tractors used in forestry was assumed as equal to the economic life time for tractors
used in agriculture, i.e. 11 years.

Assumed as equal to the quotient of the investment cost and the economic life time.
Data from Bredberg (2004).

See footnote g.

Assumed value.

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The basic density of wood = 420 kgg/m’; (see Table A.B-2).

The production per effective hour was assumed as 0.5 ty,/hgis.

Production per effective hour [m3f /hg1s] = (production per effective hour) / pyeod

The weight of a small tractor was assumed as 2000 kg.

The weight of a hanger was assumed as 1000 kg.

The technical life time was assumed as twice the economic life time.

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (2.0 x 2.60 x 10> + 1.0 x 1.54 x 10'%) /3.0 sej/kg = 2.25 x 10" sej/kg.
The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time] = (160 / 1000 x 13.2 + 160 / 160 x 24.5) MJ/tgy = 26.6 MJ/tyy.
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Table A.J-14. Data for bundling

Item Forwarder Bundler Total Total
costs in €
Investment [SEK] 1350,000" 1458,000° 2808,000 307,929
Remaining value® [%)] 10% 10%
Operating time [h,/year] 3360¢ 1680°
Economic life time® [year] 8 6
Interest rate [%] 6% 6%
Capital costs [SEK/year] 195,659 266,852
Capital costs [SEK/h,] 58.23 158.84
Service & maintenance costs 84.375" 243,0008
[SEK/year]
Other costs [SEK /year] 64,800"
Total service & maintenance 84,375 307,800
costs [SEK/year]
Total service & maintenance 25.11 183.21
costs [SEK/h,] )
Personnel costs [SEK/h,] 170.00
Personnel costs [SEK/year] 285,600
Actual operating time [h,/year] 1680 1680
Utilization factor' [%] 85% 85%
Effective operating time 1428 1428
[hg1s/year]
Capital costs [SEK/year] 97,829 266,852 364,682 39,991
Total service & maintenance 42,188 307,800 349,988 38,380
costs [SEK/year]
Personnel costs [SEK/year] 285,600 285,600 31,319
Fuel [Vhgs ] 12.5¢
Fuel [l/year] 17,850 17,850
LHV e [MI/] 35.9'
Fuel required [MJ/year] 640,815 640,815
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 124,950 124,950 13,702
Total costs" [SEK/year] 140,017 985,202 1125,219 123,393
Density [kggn/m’f ] 410°
Bales per hour [bales/hg,s] 23.4°/15.01
Dry matter per bale [ty,/bale] 0.269"
Production per effective hour, 6.28/4.03
weight’ [tym/hgs]
Production, dry matter weight' 8972/5751
[tan/year]
Capital costs [SEK/t4m] 40.65
O & M costs [SEK/tyn] 84.77
Weight [t]
Technical life time" [years] 11.0" 6.5" 17.5
Technical life time [hours] 16 12
Wear per hour [kg/h,] 53,760 20,160
Wear per produced ton biomass 0.205 0.322
[kg/tam) 0.060 0.094 0.154
Solar transformity [sej/kg] 2.97E+12% 1.64E+12% 2.48E+127

Direct energy required per tg,”

[MJ/tam]

71.42/111.42

71.42/111.42
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Table A.J-14 continued

Item Forwarder Bundler Total Total
costs in €

Embodied energy” [GJ] 778.4 253.9

Embodied energy” [MJ/t,] 2.71/4.23 2.36/3.68  3.71°95.79"

a) Data from Gullberg (2003).

b) The investment cost of bundler Fiberpac 370 was 1375,000 SEK in year 2000
(Andersson & Nordén, 2000). The change in consumer price index for January 2000-
June 2002 = 6.0% (Statistics Sweden, 19-Jul-2004 (URL)). Thus, the investment cost in
June 2002 = 1375,000 x 1.06 SEK = 1458,000 SEK.

¢) According to cost calculations of forestry equipment performed by Andersson &
Nordén (2000).

d) The forwarder was assumed being used in two shifts 210 days per year, 8 h, per shift.
Annual operating time = 2 x 210 x 8 hy/year = 3360 h,/year.

e) The bundler was assumed being used in two shifts 105 days per year, 8 h, per shift.
Annual operating time = 2 x 105 x 8 hy/year = 1680 h,/year.

f) Assumed as equal to the quotient of half the investment cost and the economic life time.

g) Assumed as equal to the quotient of the investment cost and the economic life time.

h) Travelling costs = 50,400 SEK/year, insurances = 8400 SEK/year and tyre costs = 6000
SEK/year (Andersson & Nordén, 2000). Thus, the sum of other costs = (50,400 + 8400
+ 6000) SEK/year = 64,800 SEK/year.

i) Data from Bredberg (2004).

j) Assumed value.

k) Data from Andersson & Nordén (2000).

1) Data from Swedish Energy Agency (2004b).

m) The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).

n) The sum of capital costs, service & maintenance costs, personnel costs and fuel costs.

0) The average value of the basic density of logging residues from pine and spruce = 410
Kkggm/m’s (see Table A.J-11, footnote s).

p) The number of bundled bales per hour at final felling = 23.4 bales/hg;s (Andersson &
Nordén, 2000).

q) The number of bundled bales per hour at thinning was assumed as 15.0 bales/hg;s.

r) Data from Andersson & Nordén (2000). The dry matter weight per bale was assumed
equal at final felling and thinning.

s) The production (dry matter weight) per effective hour = (the number of bales per hour)
x (dry matter weight per bale). The value to the left of the slash is for final felling,
whereas the value to the right of the slash is for thinning.

t) The annual production (dry matter weight) = (the production (dry matter weight) per
effective hour) x (annual effective operating time). The value to the left of the slash is
for final felling, whereas the value to the right of the slash is for thinning.

u) The minimum weight of a John Deere forwarder 810D = 10,970 kg (John Deere
International, 16-Aug-2005 (URL)).

v) Data from Andersson & Nordén (2000).

w) The technical life time was assumed as twice the economic life time.

x) See Table A.I-7.

y) The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (11.0 x 2.97 x 10" + 6.5 x 1.64 x 10'%) / 17.5 sej/kg = 2.48 x 10'? sej/kg.

z) The value to the left of the slash is for final felling, whereas the value to the right of the

slash is for thinning.
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Table A.J-14 continued

aa) The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time] = (1680 / 3360 x 2.71 + 1680 / 1680 x 2.36) MJ/ty, = 3.71
Mty

bb) The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time] = (1680 / 3360 x 4.23 + 1680 / 1680 x 3.68) MJ/ty, = 5.79
Mty
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Table A.J-18. Data for harrowing

Item Tractor ~ Harrow Total Costs
in€
Investment [SEK] 620,000°  140,000° 760,000 83,342
Remaining value® [%)] 25% 25%
Operating time® [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 13,313
Capital costs [SEK/h,] 58.96 26.63
Service & maintenance costs 62,0000 49,0008
[SEK/year]
Other costs [SEK/year]
Total service & maintenance costs 62,000 49,000
[SEK/year]
Total service & maintenance costs 62.00 98.00
[SEK/h,]
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor' [%] 67.5% 67.5%
Effective operating time [hg;s/year] 338 338
Capital costs [SEK/year] 29,479 13,313 42,793 4693
Total service & maintenance costs 20,925 33,075 54,000 5922
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [I/hg)s] 21.00*
Fuel [l/year] 7088 7088
Lower heating value [MJ/1] 35.9'
Energy required [MJ/year] 254,441 254,441
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 49,613 49,613 5441
Total costs [SEK/year] 173,952 46,388 220,340 24,163
Treated area [ha/hg;s] 4.76"
Treated area [ha/year] 1607 1607
Cost per ha [SEK/ha] 137
Specific capital costs® 1.21/4.84
[SEK/(ha x year)]
Specific O & M costs’ 5.02/20.09
[SEK/(ha x year)]
Weight [t] 7.0° 2.44 9.4
Technical life time' [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.218
Wear per ha [kg/ha] 0.099 0.068 0.167
Mass depreciation [kg/(ha x year)] 0.008%/0.030"
Solar transformity [sej/kg] 2.60E12" 1.54E12" 2.33E12Y
Direct energy required per ha 158.32 158.32
[MJ/ha]
Direct energy required per ha and 7.20%/28.79* 7.20/28.79
year [MJ/(ha x year)]
Embodied energy' [GJ] 433.4 87.7
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Table A.J-18 continued

Item Tractor Harrow Total
Embodied energy [MJ/(ha x year)] 6.13 2.48 0.25%/1.01*
Embodied energy [MJ/tgn] 0.03%/0.16™

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of

b)
¢)

d)
e)
f)

g)

h)

)
)

0)

p)
Q

r)
s)
t)

w
v)

Agricultural Sciences, 8-Sep-2004 (URL)).

Towed harrow. Width =7 m.

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for cultivation equipment = 0.70 x
(investment cost) / 1000 x (operating time) (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). Thus, the service & maintenance costs = 0.70 x 140,000
/1000 x 500 SEK/year = 49,000 SEK/year.

Data from Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the harrow.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Assumed value for a tractor with 110 kW power output, based on data from the
Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed equal to the cost during 2002 in Sweden, being
approximately 7 SEK/I (The Swedish Petroleum Institute, 12-May-2004 (URL)).

The effective operating time per ha with a harrow with the width being 7.8 m = 0.21
hgis/ha (Landbrugets rddgivningscenter, 2002). The treated area = 1 / 0.21 ha/hgs =
4.76 ha/h(]l 5.

The value to the left of the slash is for willow farming, whereas the value to the right of
the slash is for reed canary grass farming.

Data from Sonesson (1993).

The weight of a harrow with a width being 9 m = 3.1 t (Sonesson, 1993). Thus, the
weight of a harrow with a width being 7 m was assumed as 7/9x 3.1t=241t.

The technical life time was assumed as twice the economic life time.

The mass depreciation at willow farming = (wear per ha) x (number of occasions per
rotation period) / (length of rotation period)] = 0.167 x 1 / 22 kg/(ha x year) = 0.008
kg/(ha x year).

The mass depreciation at reed canary grass farming = (wear per ha) x (number of
occasions per rotation period) / (length of rotation period)] = 0.167 x 2 / 11 kg/(ha x
year) = 0.030 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10" + 2.4 x 1.54 x 10'%) / 9.4 sej/kg = 2.33 x 10'? sej/kg.
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Table A.J-18 continued

w) Direct energy required per hectare and year for willow farming = (direct energy

y)

z)

required per ha) x (number of occasions per rotation period) / (length of rotation
period). Thus, direct energy required per hectare and year = 158.32 x 1 / 22 MJ/(ha x
year) = 7.20 MJ/(ha x year).

Direct energy required per hectare and year for reed canary grass farming = [(direct
energy required per ha) x (number of occasions per rotation period) / (length of rotation
period)] = 158.32 x 2/ 11 MJ/tyy, = 28.79 MJ/(ha x year).

The total embodied energy for willow farming = [the sum of embodied energy with
regard to the annual actual operating time and number of occasions per rotation period]
=(500/1000x 6.13 + 500 /500 x 2.48) / 22 MJ/(ha x year) = 0.25 MJ/(ha x year).

The total embodied energy for reed canary grass farming = [the sum of embodied
energy with regard to the annual actual operating time and number of occasions per
rotation period] = (500 / 1000 x 6.13 + 500 / 500 x 2.48) x 2 / 11 MJ/(ha x year) = 1.01
MJ/(ha x year).

aa) Embodied energy for willow farming [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x

(years per rotation period) / (dry matter yield per rotation period) = 0.25 x 22 / 183
MI/tgm = 0.03 MI/tyy,.

bb) Embodied energy for reed canary grass farming [MJ/ty,] = Embodied energy [MJ/(ha x

year)] x (years per rotation period) / (dry matter yield per rotation period) = 1.01 x 11/
67.5 MI/tgy = 0.16 MJ/tyy,.
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Table A.J-19. Data for mechanical weed control at willow farming

Item Tractor  Harrow Total  Costs
in€
Investment [SEK] 620,000°  100,000° 720,000 78,956
Remaining value® [%] 25% 25%
Operating time® [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 9509
Capital costs [SEK/h,] 58.96 19.02
Service & maintenance costs [SEK/year] 62,0007 35,000¢
Other costs [SEK/year]
Total service & maintenance costs 62,000 35,000
[SEK/year]
Total service & maintenance costs [SEK/h,] 62.00 70.00
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor’ [%] 67.5% 67.5%
Effective operating time [hg;s/year] 338 338 38,989 4276
Capital costs [SEK/year] 29,479 9509 44,550 4885
Total service & maintenance costs 20,925 23,625 73,935 8108
[SEK/year]
Personnel costs [SEK/year] 73,935
Fuel [1/hg;s] 7.98%
Fuel [l/year] 2693 2693
Lower heating value [MJ/1] 35.9"
Energy required [MJ/year] 96,688 96,688
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 18,853 18,853 2067
Total costs [SEK/year] 143,192 33,134 176,327 19,336
Treated area [ha/hgs] 4.0
Treated area [ha/year] 1,350 1,350
Cost per ha [SEK/ha] 131
Specific capital costs [SEK/(ha x year)] 3.94
Specific O & M costs [SEK/(ha x year)] 13.87
Weight [t] 7.0° 0.9° 7.9
Technical life time® [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.082
Wear per ha [kg/ha] 0.118 0.030 0.148
Mass depreciation [kg/(ha x year)] 0.0201
Solar transformity [sej/kg] 2.60E12" 1.54E12" 2.48E12°
Direct energy required per ha [MJ/ha] 71.62 71.62
Direct energy required per ha and year' 9.77 9.77
[MJ/(ha x year)]
Embodied energy’ [G]] 4334 32.9
Embodied energy [MJ/(ha x year)] 7.30 1.11 0.65"
Embodied energy [MJ/t4n] 0.08"

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).
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Table A.J-19 continued

b)
¢)
d)
e)
f)

g)

h)
)
)

k)

)

n)
0)
Q)

1)
s)

t)

Assumed value, based on data from the Swedish University of Agricultural Sciences (8-
Sep-2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for cultivation equipment = 0.70 x
(investment cost) / 1000 x (operating time) (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). Thus, the service & maintenance costs = 0.70 x 100,000
/1000 x 500 SEK/year = 35,000 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004). Basic salary,
overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances are
included.

Equal to the operating time for the harrow.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

The fuel consumption at mechanical weed control is 38% of the fuel consumption at
ordinary harrowing (Sonesson, 1993). The fuel consumption at ordinary harrowing =
21.00 litre/hg;s (see Table A.D-15). Thus, the fuel consumption at mechanical weed
control = 0.38 x 21.00 litre/hg s = 7.98 litre/hgs.

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
Data from Sonesson (1993). The working width = 6.2 m and the working speed = 9
km/h.

Data from Sonesson (1993).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 0.148 x 3 / 22 kg/(ha x year) = 0.020 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10 + 0.9 x 1.54 x 10'%) / 7.9 sej/kg = 2.48 x 10'? sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 71.62 x 3 / 22
MJ/(ha x year) = 9.77 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 7.30
+500/500x 1.11) x 3 /22 MJ/tgy = 0.65 MJ/tyy,.

Embodied energy [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 0.65 x 22 / 183 MJ/ty, = 0.08 MJ/t4n.

349



Table A.J-20. Data for clearing of stones at willow farming

Item Loader Costsin €
Investment [SEK] 450,0007 49,348
Remaining value [%] 25%?

Operating time [h,/year] 500°

Economic life time [year] 11¢

Interest rate [%] 6%

Capital costs [SEK/year] 42,793

Capital costs [SEK/h,] 85.59

Service & maintenance costs [SEK/year] 16,313¢

Other costs [SEK/year]

Total service & maintenance costs [SEK/year] 16,313

Total service & maintenance costs [SEK/h,] 32.63

Personnel costs [SEK/h,] 147.87°

Personnel costs [SEK/year] 73,935

Actual operating time [h,/year] 1508

Utilization factor [%)] 67.5%"

Effective operating time [hg;s/year] 101

Capital costs [SEK/year] 12,838 1408
Total service & maintenance costs [SEK/year] 3303 362
Personnel costs [SEK/year] 22,181 2432
Fuel [/hgs] 8.00'

Fuel [V/year] 810

Lower heating value [MJ/1] 35.9

Energy required [MJ/year] 29,079

Specific fuel cost [SEK/1] 7.00

Fuel costs [SEK/year] 5670 622
Total costs [SEK/year] 43,992 4824
Treated area [ha/hg;s] 1.00'

Treated area [ha/year] 101

Cost per ha [SEK/ha] 434

Specific capital costs [SEK/(ha x year)] 5.76

Specific O & M costs [SEK/(ha x year)] 13.99

Weight [t] 8.0™

Technical life time [years] 22"

Technical life time [hours] 11,000

Wear per hour [kg/h,] 0.727

Wear per ha [kg/ha] 1.077

Mass depreciation [kg/(ha x year)] 0.049°

Solar transformity [sej/kg] 2.60E+12°

Direct energy required per ha [MJ/ha] 287.20

Direct energy required per ha and year 13.051

[MJ/(ha x year)]

Embodied energy [GJ] 495.4°

Embodied energy [MJ/(ha x year)] 091"

Embodied energy [MJ/tyy] 0.11°

a) A two wheel-drive loader with accessories (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)).

b) The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

¢) Data from Hadders, Jonsson, & Sundberg (1997).
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Table A.J-20 continued

d)

e)

s)

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The service & maintenance cost = 0.0725 x (investment cost) / 1000 x (operating time)
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the service &
maintenance cost = 0.0725 x 450,000 / 1000 x 500 SEK/year = 16,313 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Assumed value.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Assumed value based on data from the Swedish University of Agricultural Sciences (8-
Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
Data from Rosenqvist (1997).

The operating weight of a Volvo compact wheel loader L40B is 7,900 — 8,400 kg
(Volvo Construction Equipment Corporation, 2005 (URL)).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 1.077 x 1 /22 kg/(ha x year) = 0.049 kg/(ha x year).

See Table A.I-7.

Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 287.20 x 1 /22
MJ/(ha x year) = 13.05 MJ/(ha x year).

The total embodied energy = 495.4 / (22 x 1.00 x 500 x 0.675) MJ/(ha x year) = 66.72
MJ/(ha x year). The embodied energy at willow farming = [the total embodied energy
with regard to the annual actual operating time and number of occasions per rotation
period] = (150 / 500 x 66.72) / 22 MJ/tgy = 0.91 MI/t4p,.

Embodied energy [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 0.91 x 22 / 183 MJ/t4,, = 0.11 MJ/t4y,.
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Table A.J-21. Data for rolling

Item Tractor Roller Total Costs
in €
Investment [SEK] 620,000°  100,000° 720,000 78,956
Remaining value® [%)] 25% 25%
Operating time? [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 9509
Capital costs [SEK/h,] 58.96 19.02
Service & maintenance costs 62,0000 25,0008
[SEK/year]
Other costs [SEK/year]
Total service & maintenance costs 62,000 25,000
[SEK/year]
Total service & maintenance costs 62.00 50.00
[SEK/h,]
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor’ [%] 67.5% 67.5%
Effective operating time [hgs/year] 338 338
Capital costs [SEK/year] 29,479 9509 38,989 4276
Total service & maintenance costs 20,925 16,875 37,800 4145
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [Vhgs] 10.00
Fuel [l/year] 3375 3375
Lower heating value [MJ/1] 35.9!
Energy required [MJ/year] 121,163 121,163
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 23,625 23,625 2591
Total costs [SEK/year] 147,964 26,384 174,349 19,119
Treated area [ha/hgs] 3.45"
Treated area [ha/year] 1164 1164
Cost per ha [SEK/ha] 150
Specific capital costs® 1.52/6.09
[SEK/(ha x year)]
Specific O & M costs’ 5.29/21.15
[SEK/(ha x year)]
Weight [t] 7.0° 3.54
Technical life time' [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.318
Wear per ha [kg/ha] 0.137 0.137 0.273
Mass depreciation [kg/(ha x year)] 0.012%/0.050"
Solar transformity [sej/kg] 2.60E12" 1.54E12" 2.25E12"
Direct energy required per ha 104.11 104.11
[MJ/ha]
Direct energy required per ha and 4.73%/18.93* 4.73/18.93
year [MJ/(ha x year)]
Embodied energy" [GJ] 4334 127.9
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Table A.J-21 continued

Item Tractor Roller Total  Costs
in€
Embodied energy [MJ/(ha x year)] 8.46 5.00 0.42%/1.68*
Embodied energy [MJ/ty] 0.05%/0.27%
a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of

b)
<)

d)
e)
f)

2

r)
s)

t)

w

v)

Agricultural Sciences, 8-Sep-2004 (URL)).

Carried by wheels. Width =9 m.

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance costs for cultivation equipment range from 50% to 90% of
[(investment cost) / 1000 x (operating time)] (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). The service & maintenance costs for rollers were
assumed as equal to 50% of [(investment cost) / 1000 x (operating time)]. Thus, the
service & maintenance costs = 0.50 x 100,000 / 1000 x 500 SEK/year = 25,000
SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the roller.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The effective operating time per ha with a roller with the operation width being 8.7 m =
0.29 hg;s/ha (Elinder & Falk, 1983). The treated area = 1 / 0.29 ha/hg;s = 3.45 ha/hgs.
The value to the left of the slash is for willow farming, whereas the value to the right of
the slash is for reed canary grass farming.

Data from Sonesson (1993).

Assumed as equal to the weight of a Vaderstad Rollex roller RX 940, operation width =
9,4 m (Sonesson, 1993).

The technical life time was assumed as twice the economic life time.

The mass depreciation at willow farming = (wear per ha) x (number of occasions per
rotation period) / (length of rotation period)] = 0.273 x 1 / 22 kg/(ha x year) = 0.012
kg/(ha x year).

The mass depreciation at reed canary grass farming = (wear per ha) x (number of
occasions per rotation period) / (length of rotation period)] = 0.273 x 2 / 11 kg/(ha x
year) = 0.050 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the wei%hts of the
equipment] = (7.0 x 2.60 x 10" + 3.5 x 1.54 x 10'%) / 10.5 sej/kg = 2.25 x 10" sej/kg.
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Table A.J-21 continued

w) Direct energy required per hectare and year at willow farming = [(direct energy

X)

y)

required per ha) x (number of occasions per rotation period) / (length of rotation
period)] = 104.11 x 1 /22 MJ/(ha x year) = 4.73 MJ/(ha x year).

Direct energy required per hectare and year at reed canary grass farming = [(direct
energy required per ha) x (number of occasions per rotation period) / (length of rotation
period)] = 104.11 x 2/ 11 MJ/(ha x year) = 18.93 MJ/(ha x year).

The total embodied energy at willow farming = [the sum of embodied energy with
regard to the annual actual operating time and number of occasions per rotation period]
=(500/1000 x 8.46 + 500 / 500 x 5.00) / 22 MJ/(ha x year) = 0.42 MJ/(ha x year).

The total embodied energy at reed canary grass farming = [the sum of embodied energy
with regard to the annual actual operating time and number of occasions per rotation
period] = (500 / 1000 x 8.46 + 500/ 500 x 5.00) x 2/ 11 MJ/(ha x year) = 1.68 MJ/(ha x

year).

aa) Embodied energy at willow farming [MJ/ty,] = Embodied energy [MJ/(ha x year)] x

(years per rotation period) / (dry matter yield per rotation period) = 0.42 x 22 / 183
MI/t4m = 0.05 MI/typ,.

bb) Embodied energy at reed canary grass farming [MJ/ty,] = Embodied energy [MJ/(ha x

year)] x (years per rotation period) / (dry matter yield per rotation period) = 1.68 x 11 /
67.5 MJ/tgm = 0.27 MI/typ,.
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Table A.J-22. Data for planting of willow

Item Tractor Planter Total  Costs in
€
Investment [SEK] 620,000% 550,000 1170,000 128,304
Remaining value [%)] 25%°¢ 0%
Operating time [h,/year] 1000° 667¢
Economic life time [year] 1f 84
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 88,570
Capital costs [SEK/h,] 58.96 132.79
Service & maintenance costs [SEK/year] 62,0008 183,425"
Other costs [SEK/year]
Total service & maintenance costs 62,000 183,425
[SEK/year]
Total service & maintenance costs 62.00 275.00
[SEK/h,] |
Personnel costs [SEK/h,] 147.87
Personnel costs [SEK/year] 147,870
Actual operating time’ [h,/year] 667 667
Utilization factor® [%] 67.5% 67.5%
Effective operating time [hg,s/year] 450 450
Capital costs [SEK/year] 39,325 88,570 127,895 14,025
Total service & maintenance costs 27,914 123,812 151,726 16,638
[SEK/year]
Personnel costs' [SEK/year] 197,259 197,259 21,632
Fuel [I/hg,s] 10.0°
Fuel [I/year] 4502 4502
Lower heating value [MJ/1] 35.9™
Energy required [MJ/year] 161,631 161,631
Specific fuel cost [SEK/1] 7.00"
Fuel costs [SEK/year] 31,516 31,516 3456
Expendables [SEK/year] 2533,866° 2533,866 277,867
Total costs [SEK/year] 296,014  2746,248 3042,262 333,618
Treated area [ha/hgs] 1.00¢
Treated area [ha/year] 450 450
Cost per ha [SEK/ha] 6757
Specific capital costs [SEK/(ha x year)] 12.91
Specific O & M costs [SEK/(ha x year)] 38.42
Specific costs for expendables 255.82
[SEK/(ha x year)]
Weight? [t] 7.0 1.1 8.1
Technical life time? [years] 22 16
Technical life time [hours] 22,000 10,672
Wear per hour [kg/h,] 0.318 0.103
Wear per ha [kg/ha] 0.471 0.153 0.624
Mass depreciation [kg/(ha x year)] 0.028"
Solar transformity [sej/kg] 2.60E12° 1.69E12° 2.48E12'
Direct energy required per ha [MJ/ha] 359.00 359.00
Direct energy required per ha and year" 16.32 16.32
[MJ/(ha x year)]
Embodied energy® [GJ] 4334 44.2
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Table A.J-22 continued

Item Tractor Planter Total  Costs in
€
Embodied energy [MJ/(ha x year)] 29.19 6.13 1.16"
Embodied energy [MJ/t4n] 0.14"
a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of

b)
©)
d)
e)
f)

g)

h)

)

i)

)

n)
0)

p)
r)

s)
t)

w

Agricultural Sciences, 8-Sep-2004 (URL)).

The investment cost of the planter model “Step” (Sjostrom, 2004).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data from Sjostrom (2004).

Data from Hadders, Jonsson, & Sundberg (1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance costs for the planter were assumed equal to the service &
maintenance costs for a sowing machine, being 50% of [(investment cost) / 1000 x
(operating time)] (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).
Thus, the service & maintenance costs for the planter = 0.50 x 550,000 / 1000 x 667
SEK/year = 183,425 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the planter.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

2 to 3 persons are required for planting, including the driver of the tractor (Rosenqvist,
1997). Here, 2 persons including the driver of the tractor were assumed being required
for planting. Thus, the personnel costs = 2 x 147.87 x 667 SEK/year = 197,259
SEK/year.

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The number of cuttings planted = 14,000 ha™ (Sjéstrém, 2004). The cost per cutting is
estimated by the Swedish Energy Agency (2003c) as 0.402 SEK at planting of large
areas. Treated area = 450 ha/year. Thus, the cost of cuttings per year of planting =
0.402 x 14,000 x 450 SEK/year = 2533,866 SEK/ha.

Data from Sonesson (1993).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 0.624 x 1 /22 kg/(ha x year) = 0.028 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10" + 1.1 x 1.69 x 10'%) / 8.1 sej/kg = 2.48 x 10'? sej/kg.
Direct energy required per tq, = [(direct energy required per ha) x (number of occasions
per rotation period) / (length of rotation period)] = 359.00 x 1 / 22 MJ/(ha x year) =
16.32 MJ/(ha x year).
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Table A.J-22 continued

v) The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (667 / 1000 x
29.19 + 667 / 667 x 6.13) / 22 MI/t4n, = 1.16 MI/tyy,.

w) Embodied energy [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 1.16 x 22 / 183 MJ/ty,, = 0.14 MJ/t4y,.
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Table A.J-23. Data for sowing at reed canary grass farming

Item Tractor  Sowing Total  Costs in
machine €
Investment [SEK] 620,000°  75,000° 695,000 76,214
Remaining value® [%)] 25% 25%
Operating time? [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 7,132
Capital costs [SEK/h,] 58.96 14.26
Service & maintenance costs [SEK/year] 62,0007 18,750¢
Other costs [SEK/year]
Total service & maintenance costs 62,000 18,750
[SEK/year]
Total service & maintenance costs 62.00 37.50
[SEK/h,]
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor' [%] 67.5% 67.5%
Effective operating time [hgs/year] 338 338
Capital costs [SEK/year] 29,479 7132 36,611 4015
Total service & maintenance costs 20,925 12,656 33,581 3683
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [/hg;s] 11.70"
Fuel [I/year] 3949 3949
Lower heating value [MJ/1] 35.9!
Energy required [MJ/year] 141,760 141,760
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 27,641 27,641 3031
Expendables [SEK/year] 847,969" 847,969 14,822
Total costs [SEK/year] 151,981 867,757 1019,738 111,826
Treated area [ha/hg,s] 1.56°
Treated area [ha/year] 527
Cost per ha [SEK/ha] 1934
Specific capital costs [SEK/(ha x year)] 6.31
Specific O & M costs [SEK/(ha x year)] 23.30
Specific costs for expendables 146.18
[SEK/(ha x year)]
Weight” [t] 7.0 1.5 8.5
Technical life time? [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.136
Wear per ha [kg/ha] 0.302 0.129 0.431
Mass depreciation [kg/(ha x year)] 0.039"
Solar transformity [sej/kg] 2.60E12° 1.69E12° 2.44E12
Direct energy required per ha [MJ/ha] 268.82 268.82
Direct energy required per ha and year 24.44" 24.44
[MJ/(ha x year)]
Embodied energy' [GJ] 4334 60.2
Embodied energy [MJ/(ha x year)] 37.4 5.19 2.17"
Embodied energy [MJ/t4,] 0.35%
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Table A.J-23 continued

a)
b)

©)
d)

e)
f)

2)

h)

0)

p)
r)

)
)

v)

w)

A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

Carried sowing machine with an operational width being 4 m (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance costs for sowing machines = 0.50 x (investment cost) / 1000
x (operating time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).
Thus, the service & maintenance costs = 0.50 x 75,000 / 1000 x 500 SEK/year = 18,750
SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the sowing machine.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The amount of seeds required = 15 kg/ha, and the cost of seeds was 100 SEK/kg in
1997 (Olsson et al., 2001). Change in consumer price index for July 1997 — June 2002
=7.2% (Statistics Sweden, 14-Dec-2004 (URL)). Thus, the cost of seeds in June 2002 =
100 x 1.072 SEK/kg = 107.20 SEK/kg, and the cost of seeds per hectare = 107.20 x 15
SEK/ha = 1608 SEK/ha. The total cost of seeds per year of sowing = [(the cost of seeds
per hectare) x (treated area per year)] = 1608 x 527 SEK/year = 847,969 SEK/year.

The effective operating time per ha with a sowing machine with the operational width
being 4.0 m and the speed being 7 km/h = 0.64 hg;s/ha (Elinder & Falk, 1983). The
treated area = 1 / 0.64 ha/hg;s = 1.56 ha/hg;s.

Data from Sonesson (1993).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 0.431 x 1/ 11 kg/(ha x year) = 0.039 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10"+ 1.5 x 1.69 x 10'%) / 8.5 sej/kg = 2.44 x 10'* sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] =268.82 x 1/ 11
MJ/(ha x year) = 24.44 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 37.4
+500/500 x 5.19) / 11 MJ/(ha x year) = 2.17 MJ/(ha x year).

Embodied energy [MJ/tq,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 2.17 x 11/ 67.5 MJ/tg, = 0.35 MJ/typ.
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Table A.J-24. Data for trimming at willow farming

Item Tractor Field Total Costs
chopper in€
Investment [SEK] 620,000°  250,000° 870,000 95,405
Remaining value® [%] 25% 25%
Operating time® [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 23,774
Capital costs [SEK/h,] 58.96 47.55
Service & maintenance costs [SEK/year] 62,0007  81,250¢
Other costs [SEK/year]
Total service & maintenance costs 62,000 81,250
[SEK/year]
Total service & maintenance costs [SEK/h,] 62.00 162.50
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor’ [%] 67.5% 67.5%
Effective operating time [hg;s/year] 338 338
Capital costs [SEK/year] 29,479 23,774 53,253 5840
Total service & maintenance costs 20,925 54,844 75,769 8309
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [1/hg;s] 21.30¢
Fuel [l/year] 7189 7189
Lower heating value [MJ/1] 35.9"
Energy required [MJ/year] 258,076 258,076
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 50,321 50,321 5518
Total costs [SEK/year] 174,661 78,617 253,278 27,775
Treated area [ha/hg;s] 0.44%
Treated area [ha/year] 149 149
Cost per ha [SEK/ha] 1706
Specific capital costs [SEK/(ha x year)] 16.30
Specific O & M costs [SEK/(ha x year)] 61.23
Weight [t] 7.0 1.8° 8.8
Technical life time® [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.164
Wear per ha [kg/ha] 1.071 0.551 1.622
Mass depreciation [kg/(ha x year)] 0.0744
Solar transformity [sej/kg] 2.60E12" 1.54E12" 2.38E12°
Direct energy required per ha [MJ/ha] 1737.89 1737.89
Direct energy required per ha and year' 78.99 78.99
[MJ/(ha x year)]
Embodied energy’ [G]] 4334 65.9
Embodied energy [MJ/(ha x year)] 66.3 20.2 2.42"
Embodied energy [MJ/t4n] 0.29"

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).
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Table A.J-24 continued

b)
©)
d)
e)
f)

2)

h)

r)
s)
t)
w

V)

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).
Medium size, acid pump is included.

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for field choppers with an acid pump = 0.65 x
(investment cost) / 1000 x (operating time) (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). Thus, the service & maintenance costs = 0.65 x 250,000
/1000 x 500 SEK/year = 81,250 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the field chopper.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
Data from Sonesson (1993).

The weights for different precision choppers range from 1300 to 2300 kg (Statens
Maskinprovningar, 1986). Thus, the weight of a chopper of medium size is about 1800
kg.
The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 1.622 x 1 / 22 kg/(ha x year) = 0.074 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10"+ 1.8 x 1.4 x 10'%) / 8.8 sej/kg = 2.38 x 10" sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 1737.89 x 1 /
22 MJ//ha x year) = 78.99 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 66.3
+ 500/ 500 x 20.2) / 22 MI/t4m = 2.42 MI/t4m.

Embodied energy [MJ/tq,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 2.42 x 22 / 183 M/t = 0.29 MJ/t4,.
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Table A.J-25. Data for spraying of herbicides at willow farming

Item Tractor Sprayer Total  Costs in
€
Investment [SEK] 620,000* 110,000° 730,000 80,053
Remaining value® [%] 25% 25%
Operating time! [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 10,460
Capital costs [SEK/h,] 58.96 20.92
Service & maintenance costs [SEK/year] 62,000" 57,7508
Other costs [SEK/year]
Total service & maintenance costs 62,000 57,750
[SEK/year]
Total service & maintenance costs 62.00 115.50
[SEK/h,]
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor’ [%] 67.5% 67.5%
Effective operating time [hg;s/year] 338 338
Capital costs [SEK/year] 29,479 10,460 39,940 4380
Total service & maintenance costs 20,925 38,981 59,906 6569
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [I/hg;s] 12.50
Fuel [I/year] 4219 4219
Lower heating value [MJ/I] 35.9!
Energy required [MJ/year] 151,453 151,453
Specific fuel cost [SEK/I] 7.00™
Fuel costs [SEK/year] 29,531 29,531 3238
Cost of Cougar [SEK/year] 594,844" 594,844 65,231
Cost of Roundup Bio [SEK/year] 143,136° 143,136 15,696
Total costs at spraying of Cougar 153,871 644,285 798,156 87,527
[SEK/year]
Total costs at spraying of Roundup Bio 153,871 192,578 346,448 37,992
[SEK/year]
Treated area [ha/hgs] 3.125P
Treated area [ha/year] 1055
Cost per hectare at spraying of Cougar 757
[SEK/ha]
Cost per hectare at spraying of Roundup 328
Bio [SEK/ha]
Specific capital costs [SEK/(ha x year)] 13.77
Specific O & M costs [SEK/(ha x year)] 56.33
Specific costs for expendables 68.82
[SEK/(ha x year)]
Weight [t] 7.04 0.7" 7.7
Technical life time® [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.064
Wear per ha [kg/ha) 0.151 0.030 0.181
Mass depreciation [kg/(ha x year)] 0.066"
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Table A.J-25 continued

Item Tractor Sprayer Total  Costs in
€

Solar transformity [sej/kg] 2.60E12" 1.79E12" 2.53E12"

Direct energy required per ha [MJ/ha] 143.60 143.60

Direct energy required per ha and year 52.22% 52.22

[MJ/(ha x year)]

Embodied energy" [GJ] 4334 29.8

Embodied energy [MJ/(ha x year)] 18.7 1.28 3.86"

Embodied energy [MJ/ty] 0.46"

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of

b)
<)
d)
e)
f)

2

0)

p)

Q

Agricultural Sciences, 8-Sep-2004 (URL)).

Carried sprayer, volume = 1000 litre, operation width = 12 m (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance costs for sprayers range from 60% to 150% of [(investment
cost) / 1000 x (operating time)] (Swedish University of Agricultural Sciences, 8-Sep-
2004 (URL)). The service & maintenance costs for the sprayer were assumed as equal
to 105% of [(investment cost) / 1000 x (operating time)]. Thus, the service &
maintenance costs = 1.05 x 110,000 / 1000 x 500 SEK/year = 57,750 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the sprayer.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The dosage of Cougar at one occasion per rotation is 2.0 litre/ha, and the cost is 282
SEK/litre (Jansson, 2004a). The treated area = 1055 ha/year. Thus, the cost of Cougar
per year = 282 x 2.0 x 1055 SEK/year = 594,844 SEK/year.

The dosage of Roundup Bio per rotation is 19.0 litre/ha and the number of occasions of
spraying per rotation is seven (see Chapter 3). The cost of Roundup Bio is 50 SEK/litre
(Jansson, 2004a). The treated area = 1055 ha/year. Thus, the average cost of Roundup
Bio per year of occasion = 50 x 19.0 x 1055 / 7 SEK/year = 143,136 SEK/year.

The effective operating time per ha with a sprayer with the operation width being 12 m
and the tank volume being 800 litre = 0.32 hg;s/ha (Landbrugets radgivningscenter,
2002). The treated area = 1/ 0.32 ha/hg;s = 3.125 ha/hg;s.

Data from Sonesson (1993).
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Table A.J-25 continued

1)

s)
t)

u)
V)
w)

X)

y)

The weight of a sprayer with the operation width being 12 m and loading capacity being
1500 litre = 800 kg (Sonesson, 1993). The weight of a sprayer with the operation width
being 12 m and loading capacity being 1000 litre was assumed as 700 kg.

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 0.181 x 8 / 22 kg/(ha x year) = 0.066 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10+ 0.7 x 1.79 x 10'%) / 7.7 sej/kg = 2.53 x 10'? sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (dry matter yield per rotation period)] =
143.60 x 8 / 22 MJ/(ha x year) = 52.22 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 18.7
+500 /500 x 1.28) x 7/ 22 MJ/tgy, = 3.86 MI/t4y.

Embodied energy [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 3.86 x 22 / 183 MJ/ty,, = 0.46 MJ/tgy,.
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Table A.J-26 continued

a)
b)
©)
d)
e)
f)

g)

h)

n)
0)
p)

)

r)

s)

A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

A two wheel-drive loader with accessories (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)).

Carried spreader, maximum volume = 2.5 m® and the operation width = 24 m (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance cost = 0.0725 x (investment cost) / 1000 x (operating time)
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the service &
maintenance cost = 0.0725 x 450,000 / 1000 x 500 SEK/year = 16,313 SEK/year.

The service & maintenance costs for fertilizer spreaders range from 60% to 150% of
[(investment cost) / 1000 x (operating time)] (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). The service & maintenance costs for the fertilizer
spreader were assumed as equal to 105% of [(investment cost) / 1000 x (operating
time)]. Thus, the service & maintenance costs = 1.05 x 70,000 / 1000 x 500 SEK/year =
36,750 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the fertilizer spreader.

Assumed value.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The cost of N 27 is 2.24 SEK/kg (Swedish University of Agricultural Sciences, 8-Sep-
2004 (URL)), and the dosage per occasion is 296 kg/ha (see Chapter 3). The treated
area = 675 ha/year. Thus, the cost of N 27 per occasion of fertilization at willow
farming = 2.24 x 296 x 675 SEK/year = 447,552 SEK/year.

The cost of PK 7-25 is 2.14 SEK/kg (Swedish University of Agricultural Sciences, 8-
Sep-2004 (URL)), and the dosage per occasion is 320 kg/ha (see Chapter 3). The treated
area = 675 ha/year. Thus, the cost of PK 7-25 per occasion of fertilization at willow
farming = 2.14 x 320 x 675 SEK/year = 462,240 SEK/year.

The cost of urea (N 46) with the nitrogen content being 46.0% is 3.50 SEK/kg (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the cost of the nitrogen
in urea = 3.50 / 0.46 SEK/kg = 7.61 SEK/kg. The cost of superphosphate (P 20) with
the phosphorus content being 20.0% is 2.40 SEK/kg (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the cost of the phosphorus in
superphosphate = 2.54 / 0.20 SEK/kg = 12.00 SEK/kg. The cost of potassium chloride
(K 50) with the potassium content being 49.8% is 3.50 SEK/kg (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the cost of the potassium in potassium
chloride = 3.50 / 0.498 SEK/kg = 3.71 SEK/kg. The average dosages per occasion at
fertilization of nitrogen, phosphorus and potassium are 54.0 kg/ha, 7.0 kg/ha and 29
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Table A.J-26 continued

kg/ha respectively (see Chapter 3). The treated area = 675 ha/year. Thus, the average
cost of NPK fertilization per occasion of fertilization at reed canary grass farming =
(7.61 x 54.0 + 12.00 x 7.0 + 3.71 x 29.0) x 675 SEK/year = 406,708 SEK/year.

t) The effective operating time per ha at delivery of fertilizers in big bags = 0.50 hg,s/ha
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). The treated area = 1
/0.50 ha/hG15 =2.00 ha/hGl5.

u) The value to the left of the slash is for willow farming, whereas the value to the right of
the slash is for reed canary grass farming.

v) Data from Sonesson (1993).

w) The operating weight of a Volvo compact wheel loader L40B is 7900 — 8400 kg (Volvo
Construction Equipment Corporation, 2005 (URL)).

x) The weight of a Bogballe SST 1200 with the loading weight being 1200 kg is 625 kg
(Sonesson, 1993). The weight of a fertilizer spreader with the loading weight being
2500 litre was assumed as 700 kg.

y) The technical life time was assumed as twice the economic life time.

z) The mass depreciation at willow farming = (wear per ha) x (number of occasions per
rotation period) / (length of rotation period)] = 0.822 x 14 / 22 kg/(ha x year) = 0.523
kg/(ha x year).

aa) The mass depreciation at reed canary grass farming = (wear per ha) x (number of
occasions per rotation period) / (length of rotation period)] = 0.822 x 10 / 11 kg/(ha x
year) = 0.747 kg/(ha x year).

bb) See Table A.I-7.

cc) The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10" + 8.0 x 2.60 x 10 + 0.7 x 1.31 x 10'%) / 15.7 sej/kg =
2.54x 10" sej/kg.

dd) Direct energy required per hectare and year at willow farming = (direct energy required
per ha) x (number of occasions per rotation period) / (length of rotation period). Thus,
direct energy required per hectare and year = 247.71 x 14 / 22 MJ/(ha x year) = 157.63
MJ/(ha x year).

ee) Direct energy required per hectare and year at reed canary grass farming = [(direct
energy required per ha) x (number of occasions per rotation period) / (length of rotation
period)] =247.71 x 10/ 11 MJ/(ha x year) = 225.19 MJ/(ha x year).

ff) The total embodied energy at willow farming = [the sum of embodied energy with
regard to the annual actual operating time and number of occasions per rotation period]
= (500 /1000 x 29.19 + 100 / 500 x 166.8 + 500 / 500 x 1.47) x 14 / 22 MJ/(ha x year)
=31.4 MJ/(ha x year).

gg) The total embodied energy at reed canary grass farming = [the sum of embodied energy
with regard to the annual actual operating time and number of occasions per rotation
period] = (500 / 1000 x 29.19 + 100 / 500 x 166.8) x 10 / 11 MJ/(ha x year) = 44.9
MJ/(ha x year).

hh) Embodied energy at willow farming [MJ/ty,] = Embodied energy [MJ/(ha x year)] x
(years per rotation period) / (dry matter yield per rotation period) = 31.4 x 22 / 183
MJ/tdm =3.78 MJ/tdm.

ii) Embodied energy at reed canary grass farming [MJ/ty,,] = Embodied energy [MJ/(ha x
year)] x (years per rotation period) / (dry matter yield per rotation period) =44.9 x 11/
67.5 MI/tgm = 7.32 M /typ.
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Table A.J-27 continued

a)
b)

<)

d)

e)

g)

h)

n)
0)
p)

Q)

r)
t)

)
v)

x)

372

A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

A two wheel-drive loader with accessories (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)).

The operation width = 38 m. The investment cost of the fertilizer spreader was 90,000
SEK in 1993 (Rosenqvist, 1997). Change in consumer price index for January 1993 —
June 2002 = 17.5% (Statistics Sweden, 14-Dec-2004 (URL)). Thus, the investment cost
in June 2002 = 90,000 x 1.175 SEK = 105,750 SEK.

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance cost = 0.0725 x (investment cost) / 1000 x (operating time)
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the service &
maintenance cost = 0.0725 x 450,000 / 1000 x 500 SEK/year = 16,313 SEK/year.

The service & maintenance costs for fertilizer spreaders range from 60% to 150% of
[(investment cost) / 1,000 x (operating time)] (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). The service & maintenance costs for the fertilizer
spreader were assumed as equal to 105% of [(investment cost) / 1000 x (operating
time)]. Thus, the service & maintenance costs = 1.05 x 105,750 / 1000 x 500 SEK/year
= 55,519 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the fertilizer spreader.

Assumed value.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The cost of N 27 is 2.24 SEK/kg (Swedish University of Agricultural Sciences, 8-Sep-
2004 (URL)), and the dosage per occasion is 444 kg/ha (see Chapter 3). The treated
area = 1688 ha/year. Thus, the cost of N 27 per occasion at fertilization of high stands
at willow farming = 2.24 x 444 x 1688 SEK/year = 1678,320 SEK/year.

Data from Rosenqvist (1997).

Data from Sonesson (1993).

The operating weight of a Volvo compact wheel loader L40B is 7900 — 8400 kg (Volvo
Construction Equipment Corporation, 2005 (URL)).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 0.321 x 7 / 22 kg/(ha x year) = 0.102 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10> + 8.0 x 2.60 x 10'> + 0.4 x 1.31 x 10'%) / 15.4 sej/kg =
2.57 x 10" sej/kg.



Table A.J-27 continued

y) Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 99.08 x 7 / 22
MJ/(ha x year) = 31.53 MJ/(ha x year).

z) The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 11.7
+100/500 x 66.7 + 500/ 500 x 0.34) x 7 /22 MJ/(ha x year) = 6.21 MJ/(ha x year).

aa) Embodied energy [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 6.21 x 22 / 183 MJ/ty,, = 0.75 MJ/t4n.
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Table A.J-28 continued

a)
b)

<)

d)

e)

g)
h)

i)

k)

)

n)

0)
p)

q
r)
s)
t)
u)
V)

w)

A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

Loading capacity = 15 t (Swedish University of Agricultural Sciences, 8-Sep-2004
(URL)).

The investment cost of a willow harvester, model Empire 2000, was 1.200 MSEK in
1995 (Danfors & Nordén, 1995). Change in consumer price index for January 1995 —
June 2002 = 11.0% (Statistics Sweden, 14-Dec-2004 (URL)). Thus, the investment cost
in June 2002 = 1.2 x 1.11 MSEK = 1.332 MSEK.

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data from Danfors & Nordén (1995).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance costs = 0.40 x (investment cost) / 1000 x (operating time)
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the service &
maintenance cost = 0.40 x 175,000 / 1000 x 500 SEK/year = 35,000 SEK/year.

The service & maintenance costs of a willow harvester, model Empire 2000, was
75,000 SEK in 1995 (Danfors & Nordén, 1995). Change in consumer price index for
January 1995 — June 2002 = 11.0% (Statistics Sweden, 14-Dec-2004 (URL)). Thus, the
service & maintenance costs in June 2002 = 75,000 x 1.11 SEK = 83,250 SEK.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the harvester.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Assumed value, based on data from the Swedish University of Agricultural Sciences (8-
Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The treated area per effective operating time = 1.10 ha/hg,s when the biomass yield per
harvest is 50 t/ha (Danfors & Nordén, 1995).

Data from Sonesson (1993).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 2.339 x 7/ 22 kg/(ha x year) = 0.744 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10> + 3.4 x 1.54 x 10" + 12.2 x 1.81 x 10'%) / 22.6 sej/kg =
2.01 x 10" sej/kg.

Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 1305.45 x 7 /
22 MJ/(ha x year) = 415.37 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 53.1
+500 /500 x 15.2 + 500 / 500 x 64.4) x 7/ 22 MJ/(ha x year) = 33.8 MJ/(ha x year).
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Table A.J-28 continued

y) Embodied energy [MJ/ty,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 33.8 x 22 / 183 MI/ty,, = 4.06 MJ/tyy,.
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Table A.J-29. Data for harvesting of reed canary grass

Item Tractor Mower Total Costs
in€
Investment [SEK] 620,000° 180,000° 800,000 87,729
Remaining value® [%] 25% 25%
Operating time* [h/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 17,117
Capital costs [SEK/h,] 58.96 34.23
Service & maintenance costs [SEK/year] 62,0007 63,0008
Other costs [SEK/year]
Total service & maintenance costs 62,000 63,000
[SEK/year]
Total service & maintenance costs [SEK/h,] 62.00 126.00
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor’ [%] 67.5% 67.5%
Effective operating time [hg;s/year] 338 338
Capital costs [SEK/year] 29,479 17,117 46,596 5110
Total service & maintenance costs 20,925 42,525 63,450 6958
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [1/hg;s] 15.0%
Fuel [I/year] 5063 5063
Lower heating value [MJ/1] 35.9"
Energy required [MJ/year] 181,744 181,744
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 35,438 35,438 3886
Total costs [SEK/year] 159,777 59,642 219,419 24,062
Treated area [ha/hgs] 2.60"
Treated area [ha/year] 878
Cost per ha [SEK/ha] 250
Specific capital costs [SEK/(ha x year)] 43.45
Specific O & M costs [SEK/(ha x year)] 161.14
Annual average harvest [ty,/year] 5385
Weight [t] 7.0° 1.7° 8.7
Technical life time [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.155
Wear per ha [kg/ha] 0.181 0.088 0.269
Mass depreciation [kg/(ha x year)] 0.220"
Solar transformity [sej/kg] 2.60E12° 2.75E12° 2.63E12'
Direct energy required per ha [MJ/ha] 207.12 207.12
Direct energy required per ha and year  169.46" 169.46
[MJ/(ha x year)]
Embodied energy® [GJ] 4334 111.2
Embodied energy [MJ/(ha x year)] 22.5 5.76 13.9Y
Embodied energy [MJ/tgm] 2.26"

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).
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Table A.J-29 continued

b)
¢)
d)
e)
f)

2

h)

i)
)

0)
p)

1)

s)

t)

V)

w)

Towed mower with an operational width being 3.2 m (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for mowers = (.75 x (investment cost) / 1000
x (operating time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).
Thus, the service & maintenance costs = 0.75 x 180,000 / 1000 x 500 SEK/year =
63,000 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the mower.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Assumed value, based on data from the Swedish University of Agricultural Sciences (8-
Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The treated area per effective operating time with a mower with the operational width
being 2.0 m and the speed being 9.8 km/h = 1.6 ha/hg;s (Lindgren et al., 2002). The
treated area per effective operating time was assumed as proportional to the operational
width of the mower. Thus, the treated area per effective operating time with a mower
with the operational width being 3.2 m =3.2/2.0 x 1.6 ha/hg;5 = 2.6 ha/hg;s.

Data from Sonesson (1993).

Weight of the mower Taarup 4032C/4032R (Kverneland Group Sverige AB, 8-Oct-
2004 (URL)).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 0.269 x 9 / 11 kg/(ha x year) = 0.220 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10"+ 1.7 x 2.75 x 10'%) / 8.7 sej/kg = 2.63 x 10'? sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] =207.12x 9/ 11
MJ/(ha x year) = 169.46 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 22.5
+500/500x 5.76) x 9/ 11 MJ/(ha x year) = 13.9 MJ/(ha x year).

Embodied energy [MJ/ty,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 13.9 x 11/ 67.5 Ml/tyy, = 2.26 MI/typ,.
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Table A.J-30. Data for harvesting of wheat

Item Combine  Costs in €
Investment [SEK] 1200,000? 131,593
Remaining value [%] 5%

Operating time [h,/year] 500°

Economic life time [year] 11¢

Interest rate [%] 6%

Capital costs [SEK/year] 144,544

Capital costs [SEK/h,] 289.09

Service & maintenance costs [SEK/year] 83,250° 9129
Other costs [SEK/year]

Total service & maintenance costs [SEK/year] 83,250 9129
Total service & maintenance costs [SEK/h,] 166.50

Personnel costs [SEK/h,] 147.87°

Personnel costs [SEK/year] 73,935 8108
Actual operating time [h,/year] 5008

Utilization factor [%)] 67.5%"

Effective operating time [hg;s/year] 338

Capital costs [SEK/year] 144,544 15,851
Total service & maintenance costs [SEK/year] 56,194 6162
Personnel costs [SEK/year] 73,935 8108
Fuel [Vhgs] 34.01

Fuel [V/year] 11,543

Lower heating value [MJ/1] 35.9

Energy required [MJ/year] 414,376

Specific fuel cost [SEK/1] 7.00

Fuel costs [SEK/year] 80,798 8860
Total costs [SEK/year] 355,470 38,981
Treated area [ha/hg;s] 2.10'

Treated area [ha/year] 709

Cost per ha [SEK/ha] 502

Specific capital costs [SEK/(ha x year)] 203.94

Specific O & M costs [SEK/(ha x year)] 297.60

Weight [t] 11.5'

Technical life time [years] 22m

Technical life time [hours] 11,000

Wear per hour [kg/h,] 1.045

Wear per ha [kg/ha] 0.738

Solar transformity [sej/kg] 1.81E+12"

Direct energy required per ha and year 584.66°

[MJ/(ha x year)]

Embodied energy [GJ] 495.4"

Embodied energy [MJ/(ha x year)] 31.8°

Embodied energy [MJ/tg,] 5.891

a) A combine with 140 kW power output and operation width being 5.4 m (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

b) Data from Danfors & Nordén (1995).

¢) Data from Hadders, Jonsson, & Sundberg (1997).

d) The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).
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Table A.J-30 continued

e)

h)

)
i)

)

n)
0)

p)

Q

The service & maintenance cost was assumed as equal to the service & maintenance
cost of the harvester Empire 2000. The service & maintenance cost of Empire 2000 was
75,000 SEK in 1995 (Danfors & Nordén, 1995). Change in consumer price index for
January 1995 — June 2002 = 11.0% (Statistics Sweden, 14-Dec-2004 (URL)). Thus, the
service & maintenance cost in June 2002 = 75,000 x 1.11 SEK = 83,250 SEK.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Assumed value.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The weight of the combine Fendt 5220 E (Pyygpu = 162 kW) without cutting table is 10.1
t (AGCO GmbH, 5-Oct-2005 (URL)). The weight of a standard cutting table is about
1.6 t (AGCO AB, 4-Oct-2005). Thus, the weight of a combine with 140 kW power
output with cutting table was assumed as 11.5 t.

The technical life time was assumed as twice the economic life time.

See Table A.I-7.

Direct energy required per hectare and year = [(direct energy required) / (treated area
per year)] = 414,376 / 708.8 MJ/(ha x year) = 584.66 MJ/(ha x year).

The embodied energy per hectare and year = 495.4 / (22 x 2.10 x 500 x 0.675) MJ/(ha x
year) = 31.8 MJ/(ha x year).

Embodied energy [MJ/ty,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period). The yield per hectare for autumn wheat
in Sweden was 6.351 t/ha in 2002, and the moisture content was assumed as 15% (see
footnote o). Thus, the embodied energy [MJ/ty,] = 31.8 / (0.85 x 6.351) MJ/ty,, = 5.89
MI/ty.
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Table A.J-31. Data for baling of reed canary grass and straw

Item Tractor Baler Total  Costs in
€
Investment [SEK] 620,000°  742,300° 1362,300 149,391
Remaining value [%] 25%° 30%3
Operating time® [h,/year] 1000 500
Economiic life time [year] 11 8
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 83,676
Capital costs [SEK/h,] 58.96 167.35
Service & maintenance costs 62,0006 204,133"
[SEK/year]
Other costs [SEK/year]
Total service & maintenance 62,000 204,133
costs [SEK/year]
Total service & maintenance 62.00 408.27
costs [SEK/h,] ,
Personnel costs [SEK/h,] 147.87
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor® [%] 67.5%  67.5%
Effective operating time 338 338
[hgs/year]
Capital costs [SEK/year] 29,479 83,676 113,155 12,409
Total service & maintenance 20,925 137,789 158,714 17,405
costs [SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [Vhgs] 15.0'
Fuel [l/year] 5063 5063
Lower heating value [MJ/I] 35.9™
Energy required [MJ/year] 181,744 181,744
Specific fuel cost [SEK/1] 7.00"
Fuel costs [SEK/year] 35,438 35,438 3886
Total costs [SEK/year] 159,777 221,465 381,242 41,807
Treated area [ha/hg;s] 0.78°
Treated area [ha/year] 262
Cost per ha [SEK/ha] 1457
Specific capital costs? 353.87/432.50
[SEK/(ha x year)]
Specific O & M costs? 838.38/1024.69
[SEK/(ha x year)]
Weight [t] 7.04 7.0° 14.0
Technical life time® [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.636
Wear per ha [kg/ha] 0.608 1.216 1.824
Mass depreciation 1.493Y1.824"
[kg/(ha x year)]
Solar transformity [sej/kg] 2.60E12" 1.64E12" 2.12E12%
Direct energy required per ha 694.67 694.67

[MJ/ha]
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Table A.J-31 continued

Item Tractor Baler Total
Direct energy required per ha and  568.36/694.67" 568.36/694.67
year [MJ/(ha x year)]
Embodied energy"* [GJ] 433.4 273.5
Embodied energy [MJ/(ha x year)] 75.3 47.5 69.7%/85.2*
Embodied energy [MJ/tgy] 11.4%/46.8%
a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of

b)

<)
d)
e)

2

h)

p)

Q)
r)

s)

Agricultural Sciences, 8-Sep-2004 (URL)).

The investment cost of the baler Hesston 4800/4900 in June 1993 was 650,000 SEK
(Flodén, 1994). Change in consumer price index for June 1993 — June 2002 = 14.2%
(Statistics Sweden, 14-Dec-2004 (URL)). Thus, the investment cost in June 2002 =
650,000 x 1.142 SEK = 742,300 SEK.

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data from Hadders, Jonsson, & Sundberg (1997).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for balers = 0.55 x (investment cost) / 1000 x
(operating time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).
Thus, the service & maintenance costs = 0.55 x 742,300 / 1000 x 500 SEK/year =
204,133 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the baler.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from Bdrjesson (1996).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The effective operating time per ha with 4.3 balers = 18 / 60 hg,s/ha (Hadders, Jonsson
& Sundberg, 1997). The treated area for one baler = 1 / (18 x 4.3 / 60) ha/hg;s = 0.78
ha/hG|5.

The value to the left of the slash is for baling of reed canary grass, whereas the value to
the right of the slash is for baling of straw.

Data from Sonesson (1993).

The weight of the baler Claas Quadrant 1200 is 5500 kg (Sonesson, 1993). As the
weight of the bales made by the baler Hesston 4800/4900 is almost twice the weight of
the bales made by the baler Claas Quadrant 1200 (Hadders, Jonsson & Sundberg,
1997), the weight of the baler Hesston 4800/4900 was assumed as 7000 kg.

The technical life time was assumed as twice the economic life time.
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Table A.J-31 continued

t)

)
v)

W)

x)

y)

z)

The mass depreciation at reed canary grass farming = (wear per ha) x (number of
occasions per rotation period) / (length of rotation period)] = 1.824 x 9 / 11 kg/(ha x
year) = 1.493 kg/(ha x year).

The mass depreciation at baling of straw = the wear per ha = 1.824 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the wei%hts of the
equipment] = (7.0 x 2.60 x 10"+ 7.0 x 1.64 x 10'%) / 14.0 sej/kg = 2.12 x 10" sej/kg.
Direct energy required per hectare and year at baling of reed canary grass = [(direct
energy required per ha) x (number of occasions per rotation period) / (length of rotation
period)] = 694.67 x 9/ 11 MJ/(ha x year) = 568.36 MJ/(ha x year).

Direct energy required per hectare and year at baling of straw = [(direct energy
required) / (treated area per year)] = 181,744 / 261.6 MJ/(ha x year) = 694.67 MJ/(ha x
year).

The total embodied energy at baling of reed canary grass = [the sum of embodied
energy with regard to the annual actual operating time and number of occasions per
rotation period] = (500 / 1000 x 75.3 + 500/ 500 x 47.5) x 9/ 11 MJ/(ha x year) = 69.7
MJ/(ha x year).

aa) The total embodied energy at baling of straw = [the sum of embodied energy with

regard to the annual actual operating time and number of occasions per rotation period]
=(500/1000 x 75.3 + 500/ 500 x 47.5) MJ/(ha x year) = 85.2 MJ/(ha x year).

bb) Embodied energy] at baling of reed canary grass [MJ/ty,, = Embodied energy [MJ/(ha x

year)] x (years per rotation period) / (dry matter yield per rotation period) = 69.7 x 11/
67.5 MI/tgm = 11.4 MI/tyy,.

cc) Embodied energy at baling of straw [Ml/ty,, = Embodied energy [MJ/(ha x year)] x

(years per rotation period) / (dry matter yield per rotation period) = 85.2 / 1.818 MJ/tyy,
=46.8 MI/tyy.
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Table A.J-32 continued

a)
b)

©)
d)

e)
f)

g)
h)

)

k)

)

n)

0)
p)

Q

)
)
w

v)

w)

A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).

The investment cost of the wagon LRMA 12000 designed for big bales (Rasmusson,
2004).

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data from Hadders, Jonsson, & Sundberg (1997).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The service & maintenance cost for wagons = 0.40 x (investment cost) / 1000 x
(operating time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).
Thus, the service & maintenance cost = 0.40 x 105,000 / 1000 x 500 SEK/year = 21,000
SEK/year.

The service & maintenance cost = 0.0725 x (investment cost) / 1000 x (operating time)
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the service &
maintenance cost = 0.0725 x 65,000 / 1000 x 500 SEK/year = 2356 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the wagon and the front-loader.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

The fuel consumption at field transport with the load weight being 11 t is 8 litre/hgs
and the fuel consumption at loading with front-loader = 5 litre/hg;s (Swedish University
of Agricultural Sciences, 8-Sep-2004 (URL)). The average fuel consumption at loading
and field transport of baled reed canary grass and straw was assumed as (8 + 5) / 2
litre/h(ns, i.e. 6.5 litre/hGl5.

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The effective operating time per ha at loading of baled reed canary grass or straw on the
field is 7 / 60 hg;s/ha. The corresponding effective operating times per ha at transport
on the field, transport to storage and loading to storage are 4 / 60 hgs/ha, 14 / 60
hgis/ha and 6 / 60 hgs/ha respectively (Hadders, Jonsson & Sundberg, 1997). Thus the
treated area for loading and field transport =1/ ((7 + 4 + 14 + 6) / 60) ha/hg;s = 1.94
ha/ hGl 5.

The value to the left of the slash is for field transport of reed canary grass, whereas the
value to the right of the slash is for field transport of straw.

Data from Sonesson (1993).

The weight of the wagon LRMA 12000 designed for big bales (Rasmusson, 2004).

The weight of a front-loader designed for tractors with 32 — 57 kW power output range
is 560 kg (Sonesson, 1993). Thus, the weight of a front-loader designed for a tractor
with 110 kW power output was assumed as 700 kg.

The technical life time was assumed as twice the economic life time.

The mass depreciation at reed canary grass farming = (wear per ha) x (number of
occasions per rotation period) / (length of rotation period)] = 0.489 x 9 / 11 kg/(ha x
year) = 0.400 kg/(ha x year).
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Table A.J-32 continued

x) The mass depreciation at baling of straw = the wear per ha = 0.489 kg/(ha x year).

y) See Table A.I-7.

z) The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10'* + 3.5 x 1.54 x 10"+ 0.7 x 1.69 x 10'%) / 11.2 sej/kg =
221 x 10" sej/kg.

aa) Direct energy required per hectare and year at reed canary grass farming = (direct
energy required per ha) x (number of occasions per rotation period) / (length of rotation
period). Thus, direct energy required per hectare and year = 120.56 x 9 / 11 MJ/(ha x
year) = 98.64 MJ/tyy,.

bb) Direct energy required per hectare and year at handling of straw = [(direct energy
required) / (treated area per year)] = 78,756 / 653.2 MJ/(ha x year) = 120.56 MJ/(ha x
year).

cc) The total embodied energy at reed canary grass farming = [the sum of embodied energy
with regard to the annual actual operating time and number of occasions per rotation
period] = (500 / 1000 x 30.2 + 500 / 500 x 6.54 + 500 / 500 x 2.69) x 9 / 11 MJ/(ha x
year) = 19.9 MJ/(ha x year).

dd) The total embodied energy at handling of straw = [the sum of embodied energy with
regard to the annual actual operating time and number of occasions per rotation period]
= (500 / 1000 x 30.2 + 500 / 500 x 6.54 + 500 / 500 x 2.69) MJ/(ha x year) = 24.3
MJ/(ha x year).

ee) Embodied energy at reed canary grass farming [MJ/ty,,] = Embodied energy [MJ/(ha x
year)] x (years per rotation period) / (dry matter yield per rotation period) = 19.9 x 11/
67.5 MI/tgm = 3.24 MI/typ,.

ff) Embodied energy at handling of straw [MJ/ty,] = Embodied energy [MJ/(ha x year)] x
(years per rotation period) / (dry matter yield per rotation period) = 24.3 / 1.818 MJ/ty,
=13.4 MI/tyy.
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Table A.J-34. Data for rotary cultivation at willow farming

Item Tractor Rotary Total  Costs
cultivator in€
Investment [SEK] 620,000°  85,125° 705,125 77,325
Remaining value® [%] 25% 25%
Operating time [h,/year] 1000¢ 200°
Economic life time' [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 7132
Capital costs [SEK/h,] 58.96 35.66
Service & maintenance costs [SEK/year] 62,0008 11,918"
Other costs [SEK/year]
Total service & maintenance costs 62,000 11,918
[SEK/year]
Total service & maintenance costs [SEK/h,] 62.00 59.59
Personnel costs [SEK/h,] 147.87
Personnel costs [SEK/year] 147,870
Actual operating time’ [h,/year] 200 200
Utilization factor® [%] 67.5% 67.5%
Effective operating time [hg;s/year] 135 135
Capital costs [SEK/year] 11,792 8095 19,887 2181
Total service & maintenance costs 8370 8044 16,414 1800
[SEK/year]
Personnel costs [SEK/year] 29,574 29,574 3243
Fuel [I/hg;s] 19.5!
Fuel [l/year] 2633 2633
Lower heating value [MJ/1] 35.9™
Energy required [MJ/year] 94,507 94,507
Specific fuel cost [SEK/1] 7.00"
Fuel costs [SEK/year] 18,428 18,428 2021
Total costs [SEK/year] 68,163 16,139 84,302 9245
Treated area [ha/hgs] 0.17°
Treated area [ha/year] 23
Cost per ha [SEK/ha] 3747
Specific capital costs [SEK/(ha x year)] 40.18
Specific O & M costs [SEK/(ha x year)] 130.13
Weight [t] 7.0P 1.44 8.4
Technical life time' [years] 22 22
Technical life time [hours] 22,000 4400
Wear per hour [kg/h,] 0.318 0.318
Wear per ha [kg/ha] 2.828 2.828 5.657
Mass depreciation [kg/(ha x year)] 0.257°
Solar transformity [sej/kg] 2.60E12' 1.52E12' 2.42E12"
Direct energy required per ha [MJ/ha] 4200.30 4200.30
Direct energy required per ha and year  190.92" 190.92
[MJ/(ha x year)]
Embodied energy' [G]] 4334 50.6
Embodied energy [MJ/(ha x year)] 875.7 102.3 12.6%
Embodied energy [MJ/t4n] 1.52%

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).
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Table A.J-34 continued

b)

©)
d)

e)

g

h)

1)
s)

)
w

W)

X)

The investment cost of a rotary cultivator with the operation width being 2.4 m was
75,000 SEK in 1994 (Rosenqvist, 1997). Change in consumer price index for January
1994 — June 2002 = 13.5% (Statistics Sweden, 14-Dec-2004 (URL)). Thus, the
investment cost in June 2002 = 75,000 x 1.135 MSEK = 85,125 SEK.

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

Assumed value.

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for cultivation equipment = 0.70 x
(investment cost) / 1000 x (operating time) (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). Thus, the service & maintenance costs = 0.70 x 85,125 /
1000 x 200 SEK/year = 11,918 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the rotary cultivator.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The effective operating time per ha with a rotary cultivator with the operation width
being 2.4 m = 6.0 hgys/ha (Rosenqvist, 1997). The treated area = 1 / 6.0 ha/hg;s = 0.17
ha/ hGlS~

Data from Sonesson (1993).

The weight of a Meri rotary cultivator with the operational width being 2.5 m = 1.36 t
(Rovaniemi, 2004).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 5.657 x 1 /22 kg/(ha x year) = 0.257 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10" + 1.4 x 1.52 x 10'%) / 8.4 sej/kg = 2.42 x 10'? sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 4200.30 x 1 /
22 MJ/(ha x year) = 190.92 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (200 / 1000 x
875.7+200/200 x 102.3) / 22 MJ/(ha x year) = 12.6 MJ/(ha x year).

Embodied energy [MJ/ty,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 12.6 x 22 / 183 MI/tyy, = 1.52 MI/tgy.
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Table A.J-35. Data for disc harrow ploughing at reed canary grass farming

Item Tractor Disc Total Costs
harrow in€
Investment [SEK] 620,000° 115,000° 735,000 80,601
Remaining value® [%] 25% 25%
Operating time® [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 10,936
Capital costs [SEK/h,] 58.96 21.87
Service & maintenance costs [SEK/year] 62,0007 40,250¢
Other costs [SEK/year]
Total service & maintenance costs 62,000 40,250
[SEK/year]
Total service & maintenance costs [SEK/h,] 62.00 80.50
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor’ [%] 67.5% 67.5%
Effective operating time [hg;s/year] 338 338
Capital costs [SEK/year] 29,479 10,936 40,415 4432
Total service & maintenance costs 20,925 27,169 48,094 5274
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [1/hg;s] 18.00¢
Fuel [l/year] 6075 6075
Lower heating value [MJ/1] 35.9"
Energy required [MJ/year] 218,093 218,093
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 42,525 42,525 4663
Total costs [SEK/year] 166,364 38,105 204,969 22,477
Treated area [ha/hgs] 1.00"
Treated area [ha/year] 338
Cost per ha [SEK/ha] 607
Specific capital costs [SEK/(ha x year)] 21.77
Specific O & M costs [SEK/(ha x year)] 88.65
Weight [t] 7.0° 2.0° 9.0
Technical life time [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.182
Wear per ha [kg/ha] 0.471 0.269 0.741
Mass depreciation [kg/(ha x year)] 0.135
Solar transformity [sej/kg] 2.60E12° 1.44E12° 2.34E12'
Direct energy required per ha [MJ/ha] 646.20 646.20
Direct energy required per ha and year  117.49" 117.49
[MJ/(ha x year)]
Embodied energy® [GJ] 4334 68.5
Embodied energy [MJ/(ha x year)] 58.4 9.23 6.98"
Embodied energy [MJ/t4n] 1.14%

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).
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Table A.J-35 continued

b)
¢)
d)
e)
f)

2

h)

i)
)

v)

w)

The operational width = 3.6 m (Swedish University of Agricultural Sciences, 8-Sep-
2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for cultivation equipment = 0.70 x
(investment cost) / 1000 x (operating time) (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). Thus, the service & maintenance costs = 0.70 x 115,000
/1000 x 500 SEK/year = 40,250 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the disc harrow.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Assumed value for a tractor with 110 kW power output, based on data from the
Swedish University of Agricultural Sciences (8-Sep-2004).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The effective operating time per ha at ploughing with the operational width being 2.13
m and the speed being 6 km/h = 1.5 hg;s/ha (Elinder & Falk, 1983). The efficiency was
assumed as 50% greater at disc harrow ploughing. Thus, the treated area=1/1.5x 1.5
ha/hGl5 =1.00 ha/hGlS.

Data from Sonesson (1993).

Assumed value.

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 0.741 x 2 / 11 kg/(ha x year) = 0.135 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10" +2.0 x 1.44 x 10'%) / 9.0 sej/kg = 2.34 x 10'? sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 646.20 x 2/ 11
MJ/(ha x year) = 117.49 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 58.4
+ 500/ 500 x 9.23) / 11 MJ/(ha x year) = 6.98 MJ/(ha x year).

Embodied energy [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 6.98 x 11/ 67.5 MJ/tgy, = 1.14 MJ/t4n,.
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Table A.J-36. Data for ploughing at reed canary grass farming

Item Tractor Plough Total  Costs
in€
Investment [SEK] 620,000° 210,000° 830,000 91,019
Remaining value® [%] 25% 25%
Operating time® [h,/year] 1000 500
Economic life time® [year] 11 11
Interest rate [%] 6% 6%
Capital costs [SEK/year] 58,959 19,970
Capital costs [SEK/h,] 58.96 39.94
Service & maintenance costs [SEK/year] 62,0007 73,500¢
Other costs [SEK/year]
Total service & maintenance costs 62,000 73,500
[SEK/year]
Total service & maintenance costs [SEK/h,] 62.00 147.00
Personnel costs [SEK/h,] 147.87"
Personnel costs [SEK/year] 147,870
Actual operating time' [h,/year] 500 500
Utilization factor’ [%] 67.5% 67.5%
Effective operating time [hg;s/year] 338 338
Capital costs [SEK/year] 29,479 19,970 49,449 5423
Total service & maintenance costs 20,925 49,613 70,538 7735
[SEK/year]
Personnel costs [SEK/year] 73,935 73,935 8108
Fuel [I/hg;s] 21.00¢
Fuel [l/year] 7088 7088
Lower heating value [MJ/1] 35.9'
Energy required [MJ/year] 254,441 254,441
Specific fuel cost [SEK/1] 7.00™
Fuel costs [SEK/year] 49,613 49,613 5441
Total costs [SEK/year] 173,952 69,582 243,534 26,706
Treated area [ha/hgs] 0.67"
Treated area [ha/year] 225
Cost per ha [SEK/ha] 1082
Specific capital costs [SEK/(ha x year)] 19.98
Specific O & M costs [SEK/(ha x year)] 78.42
Weight [t] 7.0° 3.3° 10.3
Technical life time? [years] 22 22
Technical life time [hours] 22,000 11,000
Wear per hour [kg/h,] 0.318 0.300
Wear per ha [kg/ha] 0.707 0.667 1.374
Mass depreciation [kg/(ha x year)] 0.125
Solar transformity [sej/kg] 2.60E12° 191E12° 2.38E12'
Direct energy required per ha [MJ/ha] 1130.85 1130.85
Direct energy required per ha and year 102.80" 102.80
[MJ/(ha x year)]
Embodied energy® [GJ] 4334 149.6
Embodied energy [MJ/(ha x year)] 87.6 30.2 13.5Y
Embodied energy [MJ/t4n] 2.19%

a) A four wheel-drive tractor with a power output being 110 kW (Swedish University of
Agricultural Sciences, 8-Sep-2004 (URL)).
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Table A.J-36 continued

b)
©)
d)
e)
f)

g)

h)

)
)

0)
p)

r)
s)
t)
)
v)

w)

The investment cost of a partly carried shifter plough with 6 cutters (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

Data for the annual operating time for machinery from Hadders, Jonsson, & Sundberg
(1997).

The economic life time for equipment in agriculture is 10 — 12 years (Swedish
University of Agricultural Sciences, 8-Sep-2004 (URL)).

The average service & maintenance costs = 0.10 x (investment cost) / 1000 x (operating
time) (Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the
service & maintenance costs = 0.10 x 620,000 / 1000 x 1000 SEK/year = 62,000
SEK/year.

The average service & maintenance costs for cultivation equipment = 0.70 x
(investment cost) / 1000 x (operating time) (Swedish University of Agricultural
Sciences, 8-Sep-2004 (URL)). Thus, the service & maintenance costs = 0.70 x 210,000
/1000 x 500 SEK/year = 73,500 SEK/year.

Data from the Swedish University of Agricultural Sciences (8-Sep-2004 (URL)). Basic
salary, overtime pay, holiday pay, costs for sickness benefit, payroll tax and insurances
are included.

Equal to the operating time for the plough.

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Assumed value for a tractor with 110 kW power output, based on data from the
Swedish University of Agricultural Sciences (8-Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The effective operating time per ha at ploughing with the operational width being 2.13
m and the speed being 6 km/h = 1.5 hg;s/ha (Elinder & Falk, 1983). Thus, the treated
area=1/1.5 ha/hGl5 =0.67 ha/h(]15.

Data from Sonesson (1993).

Equal to the weight of the plough Kverneland PB/RB (Kverneland Group Sverige AB,
9-Oct-2004 (URL)).

The technical life time was assumed as twice the economic life time.

The mass depreciation = (wear per ha) x (number of occasions per rotation period) /
(length of rotation period)] = 1.374 x 1/ 11 kg/(ha x year) = 0.125 kg/(ha x year).

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (7.0 x 2.60 x 10>+ 3.3 x 1.91 x 10'%)/ 10.3 sej/kg = 2.38 x 10" sej/kg.
Direct energy required per hectare and year = [(direct energy required per ha) x
(number of occasions per rotation period) / (length of rotation period)] = 1130.85 x 1/
11 MJ/(ha x year) = 102.80 MJ/(ha x year).

The total embodied energy = [the sum of embodied energy with regard to the annual
actual operating time and number of occasions per rotation period] = (500 / 1000 x 87.6
+500 /500 x 30.2) / 11 MJ/(ha x year) = 13.5 MJ/(ha x year).

Embodied energy [MJ/ty,,] = Embodied energy [MJ/(ha x year)] x (years per rotation
period) / (dry matter yield per rotation period) = 13.5 x 11/ 67.5 MJ/tgy, = 2.19 MJ/t4n.
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Table A.J-37. Data for collecting of recovered wood at recycling station

Item Loader Costsin €
Investment [SEK] 450,000° 49,348
Remaining value [%] 25%°

Operating time [h,/year] 3500°

Economic life time [year] 5¢

Interest rate [%] 6%

Capital costs [SEK/year] 80,121

Capital costs [SEK/h,] 22.89

Service & maintenance costs [SEK/year] 114,188¢

Other costs [SEK/year]

Total service & maintenance costs [SEK/year] 114,188

Total service & maintenance costs [SEK/h,] 32.63

Personnel costs [SEK/h,] 170.00°

Personnel costs [SEK/year] 595,000

Actual operating time [h,/year] 3500°

Utilization factor [%)] 67.5%"

Effective operating time [hg;s/year] 2363

Capital costs [SEK/year] 80,121 8786
Total service & maintenance costs [SEK/year] 77,077 8452
Personnel costs [SEK/year] 595,000 65,248
Fuel [l/hGIS] 65g

Fuel [V/year] 15,356

Lower heating value [MJ/1] 35.9"

Direct energy required [MJ/year] 551,289

Specific fuel cost [SEK/1] 7.00'

Fuel costs [SEK/year] 107,494 11,788
Total costs [SEK/year] 859,692 94,275
Capacity [m*/hgs] 240’

Capacity [tgm/hgis] 78.8%

Capacity [tyy/year] 186,260

Specific capital cost [SEK/tyy] 0.43

Specific variable costs [SEK/typ,] 4.19

Weight [t] 8.0'

Technical life time [years] "

Technical life time [hours] 35,000

Wear per hour [kg/h,] 0.229

Wear per ton dry matter [kg/tyn,] 0.004

Solar transformity [sej/kg] 2.60E+12"

Direct energy required per tqy, [MJ/tqy] 2.96°

Embodied energy [GJ] 495.4"

Embodied energy [MJ/t4n] 0.27°

a) A two wheel-drive loader with accessories (Swedish University of Agricultural

Sciences, 8-Sep-2004 (URL)).

b) The remaining value for equipment in agriculture is 25 — 30% after 10 — 12 years

(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)).

¢) Assumed value.

d) The service & maintenance cost = 0.0725 x (investment cost) / 1000 x (operating time)
(Swedish University of Agricultural Sciences, 8-Sep-2004 (URL)). Thus, the service &
maintenance cost = 0.0725 x 450,000 / 1000 x 3500 SEK/year = 114,188 SEK/year.

e) Data from Bredberg (2004).
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Table A.J-37 continued

f)

2

h)
i)

i)

k)

)

m)
n)
0)

p)

Time for interruption = 10 — 20% and adjusting time = 15 — 20% (Elinder & Falk,
1983). Average additive time = (15 + 17.5)% = 32.5%. Thus, the effective operating
time = (100 — 32.5)% = 67.5%.

Assumed value based on data from the Swedish University of Agricultural Sciences (8-
Sep-2004 (URL)).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
The capacity at loading of straw balers with a front loader is estimated by Hadders,
Jonsson & Sundberg (1997) to be 2.5 minutes/t. Thus, the capacity [t’hg;s] =1/2.5x
60 t/hg1s = 24 t/hg1s. Ptraw baters = 150 kg/m® (Flodén, 1994). Thus, the capacity [m*/hg;s]
=24 /0.150 m*/hgs = 160 m*/hg,s. The capacity [m*/hg;s] at collecting of recovered
wood at a recycling station with a compact wheel loader (Volvo L40B) was assumed as
50% greater than the capacity [m*/hg;s] at loading of straw balers with a front loader.
Thus, the capacity [m*/hg,s] at collecting of recovered wood at a recycling station = 160
x 1.50 Hl}/hGls =240 ms/hGls.

Precovered wood, average = 303 kg/m® (Olsson, 2005). The moisture content of recovered wood
was assumed as 10%. Thus, the basic density of recovered wood = 365 x (1 — 0.10)
Kgam/m® = 328.5 kggn/m’. The capacity [tam/hgis] = 240 x 0.3285 tyw/hgis = 78.8
tam/hG1s.

The operating weight of a Volvo compact wheel loader L40B is 7900 — 8400 kg (Volvo
Construction Equipment Corporation, 12-Sep-2005 (URL)).

The technical life time was assumed as twice the economic life time.

See Table A.H-7.

Direct energy required per ty, = [(direct energy required per year) / (capacity per year
(tam/year))] = 551,289 / 186,260 MJ/tyy, = 2.96 MI/tyy.

The amount of embodied energy per ton dry matter = 495.4 / (10 x 78.8 x 2363) MJ/tyy,
=0.27 M/t
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Table A.J-38a. Data for trucks for timber and bundles haulage and wood chips, bark and

sawdust
Item Truck for Costs Truck for wood Costs
roundwood, in € chips, bark, in €
bundles and sawdust and
biomass from recovered
agriculture wood
Investment [SEK] 2250,000* 246,738 2489,614b 273,014
Remaining value [%)] 10%?* 10%°
Operating time [h,/year] 3360° 35209
Economic life time [year] 8 8°
Interest rate [%] 6% 6%
Capital costs [SEK/year] 326,098 360,826
Capital costs [SEK/h,] 97.05 102.51
Service & maintenance costs® 281,250 311,202
[SEK/year]
Other costs [SEK/year] 157,000" 157,0008
Total service & maintenance 438,250 468,202
costs [SEK/year]
Total service & maintenance 130.43 133.01
costs [SEK/h,]
Personnel costs” [SEK/h,] 210.00 210.00
Personnel costs [SEK/year] 705,600 739,200
Actual operating time [h,/year] 3360 3520
Effective operating time [%] 90%* 90%"
Effective  operating  time 3024 3168
[hgs/year]
Capital costs [SEK/year] 326,098 35,760 360,826 35,760
Total service & maintenance 438,250 48,059 468,202 48,059
costs [SEK/year]
Personnel costs [SEK/year] 705,600 77,377 739,200 77,377
LHVg, [MIN] 35.9 35.9
Weight [t] ‘ 20° 21°
Technical life time’ [years] 16 16
Solar transformity* [sej/kg] 2.60E+12 2.60E+12
Embodied energy® [GJ] 1238 1300

a) Data from Staland (2004).
b) Data from Lothstam (2004).

¢) The truck was used for two shifts 210 days per year, 8 h, per shift (Staland, 2004).
Annual operating time =2 x 210 x 8 hy/year = 3360 h,/year.

d) The truck was used for two shifts 220 days per year, 8 h, per shift (L&thstam, 2004).
Annual operating time = 2 x 220 x 8 hy/year = 3520 h,/year.

e) Assumed as equal to the quotient of the investment cost and economic life time.

f) Taxes = 40,000 SEK/year, insurances = 42,000 SEK/year and tyre costs = 75,000
SEK/year (Staland, 2004). Thus, the sum of other costs = (40,000 + 42,000 + 75,000)

SEK/year = 157,000 SEK/year.
g) Assumed as equal to the sum of other costs for a truck for timber and bundles.

h) Assumed as equal to the effective operating time for trucks for timber and bundles.
i) Data from Swedish Energy Agency (2004b).
j) The technical life time was assumed as twice the economic life time.

k) See Table A.H-7.
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Table A.J-39 continued

a)

b)
<)
d)

e)
f)
2

h)

)

i)

The costs were recalculated by the consumer price index from January 2000 through to
June 2002. Change in consumer price index for that period = 6.0% (Statistics Sweden,
14-Dec-2004 (URL)).

The investment cost of a used dumper was 600,000 SEK in 2000 (Andersson & Nordén,
2000). Thus, the investment cost in June 2002 = 600,000 x 1.06 SEK = 636,000 SEK.
The investment cost of a crane was 400,000 SEK in 2000 (Andersson & Nordén, 2000).
Thus, the investment cost in June 2002 = 400,000 x 1.06 SEK = 424,000 SEK.

The investment cost of a drum chipper was 1800,000 SEK in 2000 (Andersson &
Nordén, 2000). Thus, the investment cost in June 2002 = 1800,000 x 1.06 SEK =
1908,000 SEK.

Data from Andersson & Nordén (2000).

Assumed value.

The service & maintenance costs of the dumper were 100,000 SEK in 2000 (Andersson
& Nordén, 2000). Thus, the service & maintenance costs in June 2002 = 100,000 x 1.06
SEK = 106,000 SEK.

The service & maintenance costs of the crane were 33,330 SEK in 2000 (Andersson &
Nordén, 2000). Thus, the service & maintenance costs in June 2002 = 33,330 x 1.06
SEK = 35,330 SEK.

The service & maintenance costs of the drum chipper were 150,000 SEK in 2000
(Andersson & Nordén, 2000). Thus, the service & maintenance costs in June 2002 =
150,000 x 1.06 SEK = 159,000 SEK.

Other costs including tyre costs and travelling costs for the dumper were 123,970 SEK
in 2000 (Andersson & Nordén, 2000). Thus, the service & maintenance costs in June
2002 = 123,970 x 1.06 SEK = 131,408 SEK.

Other costs including taxes and insurances for the drum chipper were 249,120 SEK in
2000 (Andersson & Nordén, 2000). Thus, the service & maintenance costs in June 2002
=249,120 x 1.06 SEK = 264,067 SEK.

Data from Bredberg (2004).

Data from Swedish Energy Agency (2004b).

The cost of diesel oil was assumed as equal to the cost during 2002 in Sweden, being
approximately 7 SEK/litre (The Swedish Petroleum Institute, 12-May-2004 (URL)).
Plogging residues = 410 kggm/m’; (see Table A.J-11, footnote s).

The production (dry matter weight) per effective hour = [(the number of bales per
effective hour) x (dry matter weight per bale)] = 145 x 0.85 x 0.268 tg,/hgs = 33.09
tam/hGis.

The production per effective hour [m®#hg;s] = mgn / hgis / p.

The weight of the dumper was assumed as equal to the weight of a small harvester.

The technical life time was assumed as twice the economic life time.

See Table A.I-7.

The total solar transformity = gthe weighted value with regard to the weights of the
equipment] = (12.0 x 2.60 x 10" +2.0 x 1.52 x 10'* + 4.0 x 1.52 x 10'%) / 18.0 sej/kg =
2.24x 10" sej/kg.
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Table A.J-40 continued

a)

b)

m

N

The costs were recalculated by the consumer price index from January 2000 through
June 2002. Change in consumer price index for that period = 6.0% (Statistics Sweden,
14-Dec-2004 (URL)).

The investment cost of a used dumper was 600,000 SEK in 2000 (Andersson & Nordén,
2000). Thus, the investment cost in June 2002 = 600,000 x 1.06 SEK = 636,000 SEK.
The investment cost of a crane was 400,000 SEK in 2000 (Andersson & Nordén, 2000).
Thus, the investment cost in June 2002 = 400,000 x 1.06 SEK = 424,000 SEK.

The investment cost of a scraper is 700,000 SEK (Rockler, 2004).

Data from Andersson & Nordén (2000).

Assumed as equal to the remaining value of the drum chipper (see Table A.J-39).
Assumed value.

Assumed as equal to the economic life time of the drum chipper (see Table A.J-39).

The service & maintenance costs of the dumper were 100,000 SEK in 2000 (Andersson
& Nordén, 2000). Thus, the service & maintenance costs in June 2002 = 100,000 x 1.06
SEK = 106,000 SEK.

The service & maintenance costs of the crane were 33,330 SEK in 2000 (Andersson &
Nordén, 2000). Thus, the service & maintenance costs in June 2002 = 33,330 x 1.06
SEK = 35,330 SEK.

The variable costs of the scraper were assumed proportional to the variable costs of the
drum chipper and the investment costs of the equipments. The investment cost of the
drum chipper was 1908,000 SEK (see Table A.J-39).

The service & maintenance costs of the drum chipper were 159,000 SEK (see Table
A.J-39). Thus, the service & maintenance costs of the scraper = 159,000 x 700,000 /
1908,000 SEK = 58,333 SEK.

Other costs including tyre costs and travelling costs for the dumper were 123,970 SEK
in 2000 (Andersson & Nordén, 2000). Thus, the other costs in June 2002 = 123,970 x
1.06 SEK = 131,408 SEK.

Other costs including taxes and insurances for the drum chipper were 264,067 SEK (see
Table A.D-11). Thus, the other costs for the scraper = (241,920 + 3000 + 4200) x
700,000 / 1800,000 SEK = 96,880 SEK.

Data from Bredberg (2004).

Data from Rockler (2004).

Data from Burvall & Segerud (1993).

The weight of the dumper was assumed equal to the weight of a small harvester.

The technical life time was assumed as twice the economic life time.

See Table A.I-7.

The total solar transformity = [the weighted value with regard to the weights of the
equipment] = (12.0 x 2.60 x 10'*+ 2.0 x 1.52 x 10'* + 3.5 x 1.52 x 10'%) / 17.5 sej/kg =
2.26 x 10" sej/kg.
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Table A.J-41b. Data for pellet production

Item Total Total costs Drum
industrial in € dryer
plant
Investment costs [SEK] 55136,993"  6046,386 22524,048"
Economic life time [year] 15°
Interest rate [%] 6%
Capital costs [SEK/year] 5679,901* 622,864  2319,138°
Service & maintenance costs [SEK/year] 2313,407* 253,691 563,101°
Other costs [SEK/year] 267,473 29,331 112,620°
Total service & maintenance costs [SEK/year] 2580,881 283,022 675,721°
Annual production [tyy/year] 72,000°
Egross energy use [MJ/tHZO] 3 lood
Erecovered [MJ/tHZO] 25506
Efan and screws [MJ/tHZO] 144°
FH;, [%] 50"
FHoy, [%] 10°
Egross energy use [MJ/tdm] 2755 ~6g
Egmss energy use [TJ 1984h
HHVsawdust [MJ/kgdm] . 1991
Meyel demand [tdm/year] 14,487J 14,487J
Efuel demand PeT ton dry matter of biomass 4.004* 4.004*
[GI/t4m]
Erecovered [MJ/tdm] 22671 22671
Erecovered Used in district heating [TJ] 163.2™ 163.2"
HHYV of dried biomass [MJ/kggp] 19.9'
Eelectricity required [MJ/tdm] 433.55" 128.0°
Eelectricity required [GJ/year] 3 132 16
Biomass cost per ton dry matter [SEK/tyy] 1052P
Cost of wood fuel required at drying 15242,369 1671,496
[SEK/year]
Cost of electricity [SEK/kWh] 0.30"
Cost of electricity [SEK/year] 2601,300 285,262
Working time, man hours per year [h/year] 21,0001
Personnel costs including overtime allowance, 170.00°
sickness benefit and holiday pay [SEK/h]
Personnel costs including overtime allowance, 3570,000
sickness benefit and holiday pay [SEK/year]
Additional personnel costs for administration 1032,352%"
and marketing [SEK/year]
Total personnel costs [SEK/year] 4602,352 504,699
Cost of interest for stored pellets [SEK/year] 1351,443%" 148,201
O & M costs’ [SEK/year] 25026,901 2744,479
Dry matter losses of raw material [%] 0.1%"
Biomass input as raw material [tq,/year] 72,072
Cost of biomass used as raw material 75830,783 8315,691
[SEK/year]
Total annual costs [SEK/year] 106537,586 11683,034
Specific capital costs™ [SEK/tp] 78.89
Specific O & M costs” [SEK/tgy] 347.60
Specific costs for expendables™ [SEK/tyy] 18.77
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Table A.J-41b continued

Item Total industrial plant
Total biomass input (fuel and raw 86,559
material) [ty,/year]
Weight [t] 100°
Technical life time [years] 30"
Annual manufacturing hours [h/year] 79724
Technical life time [hours] 239,160
Wear per hour [kg/h] 0.418"
Wear per ton biomass [kg/ty,] 0.039”
Solar transformity [sej/kg] 2.60E+12*

a) The sum of costs calculated by means of Table A.J-41a.

b) See Table A.J-41a.

¢) The production of pellets was estimated to be 80,000 t/year, according to Zakrisson
(2002). The moisture content of the pellets was assumed as 10%. Thus, the production
of pellets regarding dry matter = 80,000 x (1 — 0.10) tqy/year = 72,000 t4,/year.

d) Data from Wimmerstedt (1999).

e) Data from Wimmerstedt & Linde (1998).

f) Assumed value.

g) The gross amount of heat required for drying [MJ/tym] = (Egross energy use [MI/ti20]) X
((mpellets, dm/year]) / (1 - Mcpellets, in) - (mpellets, dm/year]) / (1 - MCpellets, out)) / (mpellets,
dm/ Year])

h) The gross amount of heat required for drying [TJ] = (Egross cnergy use [T9/tr20]) X ((Mpeitets,
dm/year]) / (1 - MCpellets, in) - (mpellets, dm/year]) / (1 - MCpellets, out))

i) See Table A.B-1c. Sawdust was assumed as the fuel used for the generation of flue gas
used for drying and as the raw material for pellet production.

j) The efficiency was assumed as equal to the efficiency of the moving grate boiler chosen
as a reference plant for district heating generation from combustion of undensified
biomass, excluding flue gas condensation. The heat effect output of the boiler excluding
flue gas condensation = 15.0 MW (Olsson, 2004). Epiomass input, mrv = 21.797 MW (see
Table A.J-44, footnote h). Thus, the boiler efficiency = 15.0 / 21.797 = 68.8%. The
amount of heat produced per ton dry matter of biomass = 19.9 x 0.688 GJ/ty, = 13.691
GJ/tym. Thus, the amount of fuel required = 1.984 x 10° / 13.691 ty,/year = 14,487
tym/year.

k) The amount of fuel required for generation of flue gas used for drying [GJ/ty,] = 14,487
x 19.9 /72,000 GJ/t4, = 4.004 GI/t4n-

I) The amount of heat recovered at drying [MJ/tyn] = (Erccovered [MI/tia0]) X ((Mpeiies,
dm/year]) / (1 - Mcpellets, in) - (mpellets, dm/year]) / (1 - Mcpellets, out)) / (mpellets, dm/year])

m) The amount of heat recovered at drying [TJ] = (Eyecovered [TI/ti20]) X (Mypeiiets, am/ye€ar]) /
(1 - MCpellets, in) - (mpellets, dm/year]) / (1 - MCpellets, out))

n) The total amount of electricity required, calculated by means of Table A.J-41a.

0) The amount of electricity required at drying [MJ/tayn] = (Eciectriciy [MI/tr20]) X (Mpeties,
dm/year]) / (1 - MCpellets, in) - (mpellets, dm/year]) / (1 - MCpellets, out)) / (mpellets, dm/year])

p) The cost of sawdust after road transport (see Table 6-A9).

q) Data from Zakrisson (2002).

r) The specific personnel costs were assumed as equal to the specific personnel costs in
silviculture and forestry, i.e. 170 SEK/h, (see Tables A.J-3 through A.J-14).

s) The exchange rate for Euro to SEK in June 2001 was 9.201 SEK/€ and the Swedish

consumer price for the period July 2001 through June 2002 was 2.0% (see Table A.J-41a,
footnote a).
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Table A.J-41b continued

t)

)

v)

w)
X)
Y)
7)

Additional personnel costs for administration and marketing was 110,000 €/year in 1997
(Zakrisson, 2002). Thus, additional personnel costs for administration and marketing in
June 2002 = 110,000 x 9.201 x 1.02 SEK/year = 1032,352 SEK/year.

The cost of interest for stored pellets was 144,000 €/year in 1997 (Zakrisson, 2002).
Thus, the cost of interest for stored pellets in June 2002 = 144,000 x 9.201 x 1.02
SEK/year = 1351,443 SEK/year.

The sum of total service & maintenance costs, cost of wood fuel required at drying, cost
of electricity and total personnel costs.

Costs per metric ton dry matter of pellets produced.

The technical life time was assumed as twice the economic life time.

The wear per operating hour = my,, / (technical life time)

The wear per ton biomass [kg/ty,] = (the wear per operating hour [kg/h]) / (the biomass
supply [tyn/h]). The total biomass supply = 86,559 / 7972 t4,/h = 10.86 t4,/h. Thus, the
wear per ton biomass = 0.418 / 10.86 kg/ty, = 0.039 kg/tyy.

aa) The solar transformity for the plant was assumed as equal to the solar transformity for

tractors, i.e. 2.60 x 10'? sej/kg (see Table A.H-7).
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Table A.J-42. Data for small-scale firing boilers

Item Wood  Costs Pellets ~ Costs
firing in€ firing in€

Investment [SEK] 70,000° 7,676 70,000° 7,676

Economic life time® [years] 15 15

Interest rate [%] 6.0 6.0

Capital costs [SEK/year] 7207 790 7207 790

Electricity [kWh/year] 128°

Electricity [MJ/year] 462

Electricity cost per unit® [SEK/kWh] 0.30 0.30

Energy costs [SEK/year] 38.50°

Service & maintenance costs® [SEK/year] 1000 1000

Other costs [SEK/year]

Total service & maintenance costs 1000 1000

[SEK/year]

Personnel costs® [SEK/year] 3000 3000

O & M costs [SEK/year 4000 439 4039 443

Annual heat production® [kWh/year] 20,000 20,000

Annual heat production [MJ/year] 72,000 72,000

Average power output [kW] 21.3¢ 12.0°

Operating time® [h/year] 939 1667

Boiler efficiency, based on the LHV [%] 82.0" 82.5'

Fuel demand [kWh yyy/year] 24,390 24,242

Fuel demand’ [MJ yy/year] 87,805 87,273

HH Viyiomass [IMI/KZ4in] 20.9% 19.9!

Moisture content® [%] 20 10

LHVyiomass . [MI/KZan] 18.97 18.31

Biomass supply” [ty./year] 4.629 4.767

Biomass supply® [kggm/h] 49 2.9

Heat production [GJ/tyy] 15.553 15.104

Biomass costs [SEK/t] 424P 14974

Biomass costs [SEK/year] 1961 7138

Total annual costs’ [SEK/year] 13,169 18,384

Specific capital costs [SEK/tyy] 1556.93 1511.94

Specific O & M costs [SEK/ty,] 864.08 847.18

Direct energy required per ton dry matter 96.92

[MJ/tgm]

Weight” [t] 2.0 2.0

Technical life time® [years] 30 30

Technical life time [hours] 28,169 50,000

Wear per operating hour' [kg/h] 0.071 0.040

Wear per ton biomass® [kg/tym] 14.40 13.99

Solar transformity" [sej/kg] 2.60E+12 2.60E+12

a) See Table 4-1, footnote g.

b) Assumed values.

c) See Table 4-1, footnote 1.

d) The typical heat demand for a single family-house in Sweden is 20,000 kWh per year,
or 72.0 GJ per year (Swedish Energy Agency, 2002).

e) The average power output at wood firing in the boiler model called Arimax 35 is 21.3
kW (Jansson, 2004b).

f) The average power output at pellet firing in the boiler model called BeQuem is 12.0 kW
(Lofgren & Windestal, 2001).
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Table A.J-42 continued

g)
h)

)
i)
k)
)

m)

n)
0)

p)
Q
1)
s)
t)

)

V)

Annual operating time = (annual heat production) / (average power output)

The boiler efficiency based on the LHV at wood firing in the boiler model called
Arimax 35 = 82.0% (Jansson, 2004b).

The boiler efficiency based on the LHV at pellet firing in the boiler model called
BeQuem = 82.5% (Lofgren & Windestil, 2001).

The fuel demand = (annual heat production) / (boiler efficiency)

The HHV of whole trees = 20.9 MJ/kgg, (see Table A.B-1c).

The HHV of pellets was assumed as equal to the HHV of sawdust, i.e. 19.9 MJ/kgy,,,
(see Table A.B-1c).

LHVyiomass = HHVpiomass — 1.32 — 2.45 x ((moisture content)piomass / (1 — (moisture
content)piomass) [MJI/kgam] (Nylinder, 1979)

The biomass supply [tyn/year]= (the fuel demand [GJyv/year]) / (LHV [Gl/tgy])

The biomass supply [kggn,/h]= (the biomass supply [kgan/year]) / (annual operating time
[h/year])

Cost of fuel wood after forwarding (see Table A.I-15).

Cost of pellets (see Table A.I-16).

Total annual costs = (capital costs) + (O & M costs) + (biomass costs)

The technical life time was assumed as twice the economic life time.

The wear per operating hour = my,., / (technical life time)

The wear per ton biomass [kg/ty,] = (the wear per operating hour [kg/h]) / (the biomass
supply [tom/h])

The solar transformity for boilers was assumed equal to the solar transformity for
tractors, i.e. 2.60 x 10" sej/kg (see Table A.H-7).
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Table A.J-43. Data for pellets boiler used for district heating generation

Item Pellets boiler ~ Costs in €
Investment [MSEK] 20.000"  2193,223
Economic life time [years] 15°
Interest rate 6%
Capital costs [MSEK/year] 2.059 225,820
Electricity [MWh/year] 449°
Electricity [TJ/year] 1.616
Electricity cost per unit [SEK/kWh] 0.30°
Electricity costs [MSEK/year] 0.135
Service & maintenance costs [MSEK/year] 0.050°
Personnel costs [MSEK/year] 0.120°
O & M costs [MSEK/year] 0.305 33,414
Annual heat production [GJ/year] 116,471¢
Operating time [h/year] 5088°
Biomass supply [t/year] 7079¢
Biomass supply [tyy/year] 6513"
Biomass supply [tgn/h] 1.28
LHVyiomass [MT/kg] 17.649
Biomass supply [GJ yy/year] 124,874
Boiler efficiency, based on the LHV [%)] 93.3¢
Heat production [GJ/tgy] 17.884
Biomass costs [SEK/ty,] 1497.41"
Biomass costs [MSEK/year] 9.752
Total annual costs [MSEK/year] 12.116' 1328,663
Specific capital costs [SEK/tyy,] 316.19
Specific O & M costs [SEK/ty,] 46.79
Direct energy required per ton dry matter [MJ/tyy] 248.19
Weight [t] 25
Technical life time [years] 30/
Technical life time [hours] 152,640
Wear per operating hour [kg/h] 0.164"
Wear per ton biomass [kg/ty] 0.128!
Solar transformity [sej/kg] 2.60E+12™

a) See Table 4-1, footnote h.

b) Assumed values.

c) See Table 4-1, footnote m.

d) Data from Alvin (2005).

e) The boiler is used for maximum load during winter time, from October until
March/April (Alvin, 2005). The number of days for the period October through April =
212 (213 at leap year). Thus, the annual operating time = 212 x 24 h = 5088 h.

f) The moisture content of the pellets used = 8.0 % (Alvin, 2005). Thus, the dry matter
amount of fuel required = 7079 x (1 — 0.08) ty,/year = 6513 ty,/year.

g) NLav = Eproduced / Ebiomass input, LHV

h) Cost of pellets (see Table A.I-17).

i) Total annual costs = (capital costs) + (O & M costs) + (biomass costs)

j) The technical life time was assumed as twice the economic life time.

k) The wear per operating hour = my,;., / (technical life time)

1) The wear per ton biomass [kg/ty,] = (the wear per operating hour [kg/h]) / (the biomass
supply [tam/h])

m) The solar transformity for boilers was assumed as equal to the solar transformity for

tractors, i.e. 2.60 x 10'* sej/kg (see Table A.H-7).
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