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Introduction

Denmark: ambition to reach a 100% renewable energy system
(RES) by 2050;

A 100 % RES would require more biomass than what is
Immediately available as residues:

- Biomass potential needed = 300 — 450 PJ y1
- Available biomass residues = 200 PJ y!

Conversion of agricultural land from food/feed crops to energy
crops necessary (and/or imports)

Goal: Addressing national dLUC consequences of such
conversions through building a robust, transparent &
disaggregated consequential life cycle inventory (LCI)
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Introduction

 Why building a specific database?
- Site-specific nature of emission processes;
- Difference in inputs;
- Need for transparent and disaggregated data;
- Need to include perennial crops

« Conversion type: arable land to arable land

 Displaced crop: Spring barley




Overview of the inventory structure

Crop Soiltype Initial soil C Climate Horizon soil C ngrvgstable Turnover r?te reduction
esidues (perennials only)
—> Lefton-field —> 0%, 20 %, 50 %
20y L Harvested —> 0%, 25%, 50 %
Wet - o Leftonfield — 0%, 25%, 50 %
(964 mm/y) 100y —|
Y™, Harvested —> 0%,25%,50%

1. Spring barley
Left on-field —— 0%, 25 %, 50 %

2. Spring barley + catch crop —>High C - 20 —
3. Winter wheat y L5 Harvested —> 0%, 25 %, 50 %
. > Clay — -
4. Willow &y L (%rgg " —> Lefton-field —> 0%, 25 %, 50 %
- - | mm/y 100y —
5. Miscanthus (spring harvest) y L5 Harvested > 0% 25% 50 %
6. Miscanthus (autumn harvest) o Lefton-field —> 0%, 25%. 50 %
/. Silage maize 20y~ L Harvested ——> 0%, 25%, 50 %
8. Sugar beet ., Wet ) _
9 Rvearass (964 mm/y) —> Lefton-field ——> 0%, 25%, 50 %
e > Medium C - 100y—é Harvested —> 0% 25 %, 50 %
——> Lefton-field —— 0%, 25 %, 50 %
> Dy 0y — Harvested —— 0%, 25 %, 50 %
(660 mm/y) — eSS
— s Lefton-field —— 0%, 25 %, 50 %
100y —
> Sand(..) s LowC (...) y L—> Harvested —— 0%, 25 %, 50 %

Combinations detail:

Spring barley (1,2), winter wheat (3) & sugar beets (9): 4 crops x 2 soil x 3 initial soil C x 2 climate x 2 horizon time x 2 residues management = 192 combinations
Miscanthus (6,7) & willow (4,5): 4 crops x 2 soil x 3 initial soil C x 2 climate x 2 horizon time x 1 residues management x 3 turnover rates = 288 combinations

Rye grass (10) & silage maize: 2 crops x 2 soil x 3 initial soil C x 2 climate x 2 horizon time x 1 residues management = 48 combinations

Total = 528 combinations




=1 Agricultural # | | Project £ | Mame

= Animal produckion dLUZ_wersionz-30.06.2011 * Sand *
fnimal Foods dLUC_wersionz-30,06,2011 *3ugar beet, top incorporation, JB3, dry (1p)
+- Food dLU_wersionz-30.06.2011 *Sugar beet, top incorporation, 183, wet (1p)
Others dLUC_versionz-30,06,2011 *Sugar beet, kop removal, JB3, dry (1p)

#- Plarit cils dLUC _versionZ-30.06,2011 *Sugar beet, top remaoval, JB3, wet (1p)

+/-Plant production dLUC_versionz2-30,06.2011 Clary
+ Ceramlcs dLU_wersion2-30.06.2011 Sugar beet, top incorporation, JB&, dry (1p)
* Chemlcals. dLUC_wersionz-30,06,2011 Sugar beet, top incorpaoration, JB6, wek (1p)
: ;DE:::;;C:SD” dLUC_wersionz-30.06.2011 Sugar beet, top removal, JB6, dryv (1p)
+1- Fishery dLUC_wersionz-30,06,2011 Sugar beet, top removal, 186, wek (1p)
+- Food
+- Fuels
+- Glass
+- Metals
+- Minerals . . .
5 Others  Model built in SimaPro, 7.2
+- Paper+ Board
+- Plastics .
* Inventory report documenting all
+- wood

+- Energy processes

+|- Transport
—|- Process
2010_dLuZ_database
- Background processes
Electricity
Fertilisers and lime
Operations
Pesticides
+- Seed/RhizomeCukting
Maize (silage)
Miscanthus, autumn harvest
Miscanthus, spring harvest
Rweqgrass
Spring barley
Spring barley + catch crop
Sugar beet
Scenatios_annual
Scenarios_over crop life oy
soil JB3_field processes
soil JB6_field processes
-+ il
Winker wheat

o I R e R e B e B
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System boundary

All flows from and to the environment expressed for :
1 ha of land in a year

-----------------------------------------

‘ Crop > | Harvest |—| Transport
cultivation field-farm

—————————————————————————————————————————

| Soil Propagation || Liming Sowing / Plant Fertilization || Irrigation Soll ‘
preparation planting protection process
N: 50% minerals;
50% manure

[ Storage }ﬁ[ Use }%

o e e e
\———————————’
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Soil processes — overview for C

Plant-soil system

———————————————————————

C lime A > CO,C lime
| |
| |
CO,-C, atmosphere >i--mm--- |
: P i Plant | _________ E > Cin harvest
C seed > f-mmmnmmmeed |
|
| Residues i
i :
i S 1! R CO,-C manure
C manure e A G stock ! and residues
l‘ TA LS | ] > CO,-C, C that
. e was already in

———————————————————————

soil C pool*
* Facultative flow
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Soil processes — overview for N

Plant-soil system

/. N
! \
| |
N seed >i """""" Plant i |
. e ] > N in harvest
L |
P l
. " A Residues i
N mineral fertilizers >i E Gaseous emissions
N manure ’i”"{ --------- ; > (NH5-N, NO-N,
N deposition >ty ; i N,-N, N,O-N)
| i |
JS N T
| L Soil : -
“\ T|xANstock [T ; > Nleaching
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Overview of inventory results

1. Balance of applied nutrients, per crops x soil type x climate
2. Partition of dry matter (DM) per crops x soil type x climate:

i.  Primary yield

i. Secondary yield

i. Above-ground residues
iv. Below-ground residues

3. Disaggregated inputs of C and N per crops x soil type x
climate

S NN N N N NN N SN SN RN NN SN NN NN SN SN NN NN SN SN NN SN SN SN NN SN SN RSN NN SN SN NN SN SN RN SN SN NN SN SN SN RSN SN SN SN NN SN SN RN NN SN NN SN SN NN NN SN SN BN NN SN SN SN SN SN SN NN SN SN NN NN SN NN N SN SN RN S S S

5. Output flows of N
6

Others: Output flows of P, NMVOC, Cu, Zn & Sensitivity
analysis



|. Effect of soil type (clay versus sand)

on soil C accumulation

4. Output flows of C

15000 -

O
=
(-
<
wn O B
= O
—
-
—
]
]
—
1
.l
0
-
0
[ [ | [
(@) (@») (@»] (@»)
(@a») () (@)
(@») () (@)
(@) LO Lo
1 1

(A 0z 10} 1Y D) 8bueyd 9 I0S

-10000 -



Effect of soil type (clay versus sand)

on soil C accumulation
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4. Output flows of C



Inputs: Outputs:
B C net photosynthesis| = CO2-C, manure & residues
' C seed B CO2-C lime
® C manure C primary yield
® Clime

C secondary yield (when harvested)

ii. Carbon balance

B CO2-C, C already in soil C pool aut Spr
sl - |
10000 - rem
rem inc
8000 -
CC+ CC+ I I I
- rem inc oo Inc I
E 6000 - - | |
O 1 1 I
(@)]
4
4000 - I I
2000 -
O .
= 3‘5‘8 5‘5‘5‘3 5‘3‘5 5| =13 5‘8 5‘5‘5 5 5‘8 5‘8 E‘% E‘%‘
: Winter . . . Rye-
CO Spring barley Willow Mlscanthus Maizg Sugar beet
~ =2(crop system) wheat grass

yeeld 09 20 11 23 11 12 11 09 k) 1.4 @@ 0.7 @.6



Iii. Effect of horizon time

Annualized soil C changes in the various crop systems, for 20 and 100y
(kg C haty)

Winter | Willow Misc. Maize

wheat | (100% (SPR) | silage
(inc.) slurry)
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Time perspective (years) Source: Petersen & Trydeman Knudsen, 2010



LCA results: Global warming (for 20 y cultivation)
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LCA results: Global warming breakdown

400

200 -~

-200 -

-400

-600

-800

Ton CO, eq. hal, for 20 y cultivation

Soil processes, CO,
(emission)

400

200 -

Soil processes, N,O —___

CAN

Soil processes, CO,
(uptake)

Spring barley, straw inc.

U
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Miscanthus, aut.



LCA results: Acidification and eutrophication

35000 -
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Conclusion

« LCI of high value: disaggregated, highly detailed, inclusion of
perennial crops & soil C changes

« Effect of:
- Crop type: Perennials, but also silage maize and sugar beet.
- Soll type: opposite effect C and N.

- Residues management: Harvesting useful yield better than
Incorporation on a GW point of view but not for SOC. Favouring
wheat straw.

« Miscanthus may be highlighted as a promising energy crop
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ERSITY OF| SOUTHERN DENMARK

Questions & Discussions
loha@kbm.sdu.dk

More details in our coming paper:

Modelling the Environmental Consequences of Direct Land Use Changes from
Energy crops in Denmark: a Consequential Life Cycle Inventory

To be soon submitted to GCB Bioenergy
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