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The open landscape

Meadow, heather, marshland, moor, lakes...

Threats

Intensive cultivation
Urbanization
Climate changes
Nutrient pollution

L ack of nature conservation

Biodiversity in Denmark 2010
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18 %
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Vandigb

Det urbane landskab

50 % 50 %
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(Ejrnees et al, 2011)



GRASS FROM NATURE CONSERVATION AREAS

The energy balance of utilising meadow grass in Danish biogas production.
A.K.P. Meyer, C.S. Raju, S. Kucheryavskiy, J.B. Holm-Nielsen

In press: Resources, Conservation and Recycling (2015)
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Literature studies

Statistical analysis

Descriptive
PCA

PLS
ANOVA

GIS analysis

* Calculating geometry (area)

Point-to-point distance

* Spatial join



The total area of meadow habitats potentially available
for biomass acquisition via harvest

Coastal Fresh water Total
meadow meadow
H 13,712 43,050 56,762




Meadow habitats potentially Ha
available for biomass acquisition 0-25
on parish level

26 - 50
= 51-100

B 101 -300

ﬁ. Il 501 -700

’ 56,762 ha




Energy Balances

Net Energy Gain (NEG) = Output Energy -+ Input Energy

Output Energy

Energy Return on Energy Invested =
Input Energy




Energy Balances

Energy Inputs Energy Inputs
. Harvest and collection e 3.8-5.8tTS/ha
*  Transport of harvest machinery * 150 L/kg volatile solids

*  Baling of the grass

*  Loading to tractor

*  Transport to road

*  Offloading from tractor and loading to truck

*  Transport to a biogas plant

*  Offloading from truck

. Pre-treatment

*  Feedingto digester

*  Operation of the biogas plant and management of the digestate
*  Fertilisation with digestate
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Energi balancen - Naturplejegraes

GJ
% af total
produktion
% af total
forbrug

GJ

Hgst

136.809
13.2

40.1

Transport Transport Transport af

(pa fast vej)  til/fra vej
37.318 10.200
3.6 1.0
10.9 3.0
CH4 produktion

(25% tab ved lagring)

34.903

. . Findeling og
maskineri Laesning Lagring indfgdning Total forbrug
23 59.691 74.614 22.369 341.024
0.0 5.8 7.2 2.2 32.9
0.0 17.5 21.9 6.6 100.0

Total produktion

(15-25% fratrukket til drift af anlaeg) plette

1.036.670 695.646
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Bioenergy production from roadside grass: A case study of the feasibility of using roadside grass for biogas

0‘\

production in Denmark. A.K.P. Meyer, E.A. Ehimen, J.B. Holm-Nielsen Resources, Conservation and Recycling 93

(2014) 124-133
vegetation creat

positive impacts in the flora and fauna of the roadsides.

Increases in the species richness of the roadsides have
been documented when the grass cuttings are removed

after harvest
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Field studies

- Sampling

- Practical experiences
- Visual inspection

Lab Experiments

- Heavy Metals,
-  TS&VS

GIS analysis

- Road selection

- Calculating geometry (lenght)

- Buffer analysis (transport distance)
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The scenarios for the widths of the roadsides verges that can be harvested.

Main roads
Minor roads
- Urban areas
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Main road

Minor road

Conservative Scenario

Optimistic Scenario

Practical Scenario

Spring Autumn Spring Autumn Spring Autumn

Left Right Left Right Left Right Left Right Left Right Left Right
Motorways 1 1 1.5 1 1 1 4.75 1 1.3 1.3 1.3 1.3
Access and exit ramps 1 1 1.5 1.5 1 1 275 2.75 1.3 13 1.3 13
Main road 1 1 1.5 15 1 1 3 3 13 1.3 1.3 1.3
Minor roads 1 1 1.2 1.2 1 1 25 2.5 13 1.3 1.3 1.3
Unclassified 1 1 1.2 12 1 1 25 2.5 13 1.3 1.3 1.3




Energy Inputs

e Harvesting and collection Loading of containers

containing grass on trucks
* Transport

* Loading, off loading and emptying containers

* Storage
 QOperation of biogas plant
* Transport of digestate

Energy Outputs
Length of roads Harvestable area tfresh/ha tTS/ha tVS/ha
Scenario
(Km) (Ha) May October May October May October
Conservative 15,745 Motorway  4.25 6.25 1.17 1.71 1.1 1.54
Optimistic 25,178
34,983 Main road 1.5 3.92 0.33 0.96 0.29 0.74
Practical 17,996 Minorroad 45 575 087  1.07 0.8 0.93

*  0.22 m3 CH4/kg VS



® Farm scale biogas plants A Centralised biogas plants ®  Farm scale biogas plants

—— Road network

Road network

Road network A Centralised biogas plants

Farm scale biogas Plants Centralised biogas Plants Centrali:c.ed and farm scale
biogas plants

Cons. Optim. Pract. Cons. Optim. Pract. Cons. Optim. Pract.

Input energy (GJ) 51,420 76,918 44,317 52,285 78,302 50,230 50,638 75,667 48,347

Output energy (GJ) 111,546 178,373 127,493 124,932 199,777 142,792 118983 190,264 135,992

83,176 81,415 121,476 92,339 68,345 114,597 87,646

2 2 2.84 2



Energibalancen — graes fra vejsider

Table B1
Energy inputs and outputs (GJ).
Case for end use Scenario Transport Harvest and Loading of Unloading and Storage Operation and Produced
collection containers to truck emptying transport of energy
digestate
Farm scale biogas Conservative 8617 36,464 1135 3782 1422 37,182 148,728
Plants Optimistic 13,779 53,002 1815 6049 2274 59,458 237,830
Practically 4924 32,147 1297 4323 1625 42,498 169,991
Centralised biogas Conservative 9482 36,464 1135 3782 1422 23,797 148,728
Plants Optimistic 15,163 53,002 1815 6049 2274 38,053 237,830
Practically 10,838 32,147 1297 4323 1625 27,198 169,991
Centralised and farm Conservative 7834 36,464 1135 3782 1422 29,746 148,728
scale biogas plants Optimistic 12,528 53,002 1815 6049 2274 47,566 237,830
Practically 8954 32,147 1297 4323 1625 33,998 169,991
37-58% af totalt energi forbrug 31-49% af totalt energi forbrug

19-25% af brutto energiproduktion 16-25% af brutto energiproduktion




Konklusion - perspektivering

* Energimeessigt rentabelt at udnytte graes fra vejsider og
naturomrader

 Mulighed for forbedring af naturkvaliteten ved hgst og fjernelse af
biomasse fra naturomrader og vejsider

* Netto energiproduktionen kan gges ved optimeret handtering

* Mulighed for synergieffekt?

— Optimere handteringen via planlaegning og koordinering ”pa tveers” af
biomasserne




