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Outline

-Challenges for the future of manure-biogas

Potential co-substrates
Some LCA results

Land use change: a rough glance at its potential
importance

-Conclusion and perspectives
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Producing more manure-biogas: Cha

Animal slurries are too dilute, containing too little easily
degradable C for economically attractive CH, yields

‘Too low C/N ratio, leading to accumulation of NH; and
potential inhibition

Residual co-substrates are constrained
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Potential C co-substrates

Industrial waste

Energy crops
Straw
Household bio-waste

O B O DD~

Manure concentrate



1. Industrial waste

biogas [ 1 Avoided heat
cHP ——> Avoided electricity
Manure In-house Biogas ~ g
excretion storage production ( Spreading on ) > Avoided fertilizers
. field (N; P; K)
digested \_ y
Industrial manure
" waste

What is the opportunity cost?
a) Incineration?

1 R L L EEEEE L > Heat (X MJ) :
Ly Incineration of industrial waste _______________________________________________ > Electricity (V kWh) _________ é
- M :
Extraction and combustion of natural gas Heat (X MJ) <
N )
- N
Extraction and combustion of coal Electricity (Y kWh) <




1. Industrial waste

biogas [ 1 Avoided heat
CHP —> Avoided electricity
Manure In-house Biogas ~ g
excretion storage production ( Spreading on \H Avoided fertilizers
. field (N; P; K)
digested \_ y
____Industrial manure
waste

What is the opportunity cost?

b) Composting?
L ------- 1 Composting of industrial waste """"""""""""""""""""""""" > Fertilizers
| e , (X ton N; Y ton P; Z ton K)

| Production of mineral fertilizers ] Fertilizers
J (Xton N; Y ton P; Z ton K)




1. Industrial waste

H

biogas 1 Avoided heat
cHP ——> Avoided electricity
Manure In-house Biogas ~ g
excretion storage production ( Spreading on h 5. Avoided fertilizers
digested \_ field y (N P30
Industrial manure
waste

What is the opportunity cost?
c) Landfilling?

Landfilling the industrial waste R L L R L DEEEEEEEEEE > Avoided landfilling



2. Energy crops

biogas 1o Avoided heat
CHP . . .
—> Avoided electricity
[ Manure In-house { Biogas ~ -
H F . iﬁ g N
excretion storage production Spreading on > Avoided fertilizers
digested _ field J (N; P; K)

N I}~ Hectares of land used for manure
! energy crop production
! (X ha) kg crop

What is the opportunity cost?

Some land nowadays used for crop production is used for energy crops. The
displaced crop production is not available on the market anymore

’ Production of Danish barley on X ha > Barley for animal feed
R ; (Y kg) A
( i ) Production of Zke
Land use change: conversion of A ha of roductiono Reacting crop (Z+W kg)
L land to cropland in reacting biome reacting crop
/
e ) . W kg /I\
Intensified agriculture %[ Pmd‘fc“o" of W
L ) reacting crop




3. Straw

biogas

P
I}~ Manure In-house Biogas
excretion L storage production

CHP

.
- Straw —> Straw pre- manure
| treatment

What is the opportunity cost?
a) Combustion?

_____________________________
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1
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1
I
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1

5 i----4  Straw combustion
! ]

_____________________________

digested _

Spreading on
field

Avoided heat

Avoided electricity

Avoided fertilizers
(N; P; K)

A

| H Extraction and combustion of natural gas J

Heat (X M))



3. Straw

biogas

P
I}~ Manure In-house Biogas
excretion L storage production

CHP

.
- Straw —> Straw pre- manure
| treatment

What is the opportunity cost?
b) Incorporation in soils?

_____________________________

i
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1
1
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1
1
1
I
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1
1
1

>

_____________________________

digested _

Spreading on
field

Avoided heat

Avoided electricity

Avoided fertilizers
(N; P; K)

mTmmsossmssssssssosscoooooooooooooooooooooooo--------------->  Carboninput to

agricultural soils

| H Long term loss of soil quality ]

Yield decrease?



4. Household bio-waste

I Manure In-house Outdoor
excretion storage storage

househ

Separation of —> Bio-waste

biogas [ ___ Avoided heat
CHP )
—> Avoided
Biogas I : g electricity
. ~

production Spreadingon | ——> Avoided ferti-
digested |_ field lizers (N; P; K)

manure

'

oldwaste | — Waste, non-bio

N\ .
Incineration of the non- ——>/Avoided heat

bio household waste [—> Avoided
t g electricity
i Recyc"ng ——> Avoided
: \ / production
; What is the opportunity cost? of virgin
: . . materials
; a) Incineration?
TR o Femooonnneeeoooncoeeee o> Heat (X M)
CEE I Bio-waste incineration | ..
) {--msmsssssssssoeseososococoeoooooooooooooooooooooooo-> Electricity (Y kWh) o
e N
Extraction and combustion of natural gas Heat (X MJ) <o :
N J
- 2
Extraction and combustion of coal Electricity (Y kWh) <
\ J



4. Household bio-waste

biogas [ ___ Avoided heat
CHP .
—> Avoided
I Manure In-house Outdoor Biogas ~ g electricity
excretion storage storage production ( Spreading on ) — > Avoided ferti-
e | digested |_ field ) lizers (N; P; K)
i : manure
| . —> Bio-waste - N .
i Separation of Incineration of the non- [——>Avoided heat
' | household waste |——> Waste, non-bio bio household waste — Avoided
) g electricity
E Recyc"ng ——> Avoided
. / production
i What is the opportunity cost? of virgin
: . materials
| b) Composting?
L, _____ Bio-waste composting ---------------------------------------- > Fertilizers
: - } (Xton N; Y ton P; Z ton K)

| Production of mineral fertilizers W Fertilizers
J (Xton N; Y ton P; Z ton K)




4. Household bio-waste

biogas [ ___ Avoided heat
CHP .
H : L J% Avoided
{ Man:re In; ouse O:tdoor Biogas ) electricity
excretion | storage storage >| i I h . .
& & production Spreadingon [—> Avoided ferti-
digested __ field ) lizers (N; P; K)
! manure
Separation of —> Bio-waste -

1\ .
Incineration of the non- ——>/Avoided heat

householdwaste | > \\octe non-bio

bio household waste [—> Avoided

! > )\ electricity
Recycling —> Avoided

. . - / production
| What is the opportunity cost? of virgin

| c) Landfilling materials
L | N 4 Bio-waste landfilling o eeeooo> Avoided lanfilling

| p——



5. Manure concentrate

biogas | Avoided heat

CHP —> Avoided

I}~ Manure In-house ( Biogas L ) ectricit
excretion storage L production g | electricity

i ——> Avoided

Spreading
digested on field fertilizers
manure d (N; P; K)
Manure In house —> Solid fraction
- "‘ excretion storage Separation o '
(farm 2) (farm 2) >Liquid —— | gutdoor Spreading Avoided
fraction fertilizers

storage on field

(N; P; K)

What is the opportunity cost?
a) Manure (from farm 2) would otherwise have been managed

without treatment
" Outdoor storage ' " spreadingon- e foril
:. _________ .)i Of raw manure i— ------ > i fiEld Of raw :"'“““""'"'“'““'""'"'""“‘> AVOI € ertl 1Zers

(farm2) | manure (farm 2) | (N; P; K)

____________________________________________



Manure concentrate:
LCA of biogas from separated slurry

Slurry In-house 1000 kg slurry post- Outdoor
excretion storage housing l storage

In-house
storage

Slurry
excretion

1000 kg slurry
post-housing

F)-I

fresh slurry

Raw slurry: 45 % of mixture input
Fibre fraction: 55 % of mixture input

154.9 kg

Functional unit:
Managing 1 ton of fresh
slurry

Separation
(mec+floc)

651.9kg LF| Storage

(LF)

193.2 kg FF

242.6kg

Biogas Separation deg. LF.
production (mec)
77.3kg
. deg. FF
Biogas 24.4 Nm?®
(567.7 MJ)

CHP I

/ \
1 Avoided
Uptake of N P.K < %?rg:‘ncégl‘ !
I fertilizers |
I
~ =7
i N
f i
Uptake of N, P, K 1 |
! 1
! 1
! I
: 1
I Avoided |
I production
N of mineral
Storage I fertiizers & 1
(deg.LF) K: Jield I
; increase !
1
: 1
! 1
M 1
Storage I :
(deg. FF) « |
N e e =
=
132.5MJ 1 Avoided !
heat - heat
| _production ,
o ——— Nl
63.1 kWh electricity I Avoided
(227.1MJ) " electricity



Manure concentrate — LCA results (I)

In-house storage

Storage (raw slurry)
120

O
m
® Field (raw)
O
0
O

Avoided N 100

Avoided P

Storage (liquid) 80
m Field (liquid) 60
m Biogas
0O Co-generation H&P 40
O Avoided EI.

20

m Avoided heat
m Field (degassed FF)

m Storage (degassed LF)
O Field (degassed LF) -20
O Yield increase
-40 u | u
60 — u | u
80 a g L I
-100 . a | -

-120 8 1

% (relative to the positive contributions from the reference, i .e. scenario A = 100%)

-140 a |

-160 H

-180 =



Manure concentrate — LCA results (ll)

Global warming - Processes equal in both Scenarios not included

kg CO, equivalent

250 1

200 A

150 A

100 A

50 A

-50 -

-100 -

C0O,:91%

Coz, fossil* 449
CH,:49%

—}

Reference Biogas Net Reference

Net Biogas

A=103 kg CO; eq.

B Net impact
Other processes non equal
Co-generation heat & power
M Biogas production
B Avoided heat
Avoided electricity
Yield
Avoided fertilizers
M Field

B Qutdoor storage
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Findings about “manure concentrate™ :

*This strategy does allow to reduce GHG as compared to
reference manure management

Environmental benefits very much dependant upon
efficiency of separation technology

‘May be limited if the ambition is to use biogas as part of
renewable energy ambitions.



Importance of iLUC: a rough estimatic
based on the same LCA system

/ \

1 Avoided

Slurry In-house 1000 kg slurry post- Uptake of N.P. K - prodgcuon I

excretion storage housing storage 1 ofmineral 1

I fertilizers |

I

~ o =7

0.48 ton wheat — === s

1

1

F)-| Slurry In-house ¥1000 kg slurry Biogas : Separation Storage - !

ti t 3 i ) Avoided

excretion  [Tfresh iy | Storage ost-housing production B (mec) roducton !

of mineral :

fertilizers &

yield I

increase |

Separation < 651.9kg LF deg. FF. Storage I

(mec+floc) > _ (deg. FF) [

1000 kg slurry Biogas 158 Nm? K
post-housing i (3682 MJ) S———-

<193.2ngF .

\m&w 1694 MJ heat 1 Avoided !

heat \ | heat 1

1549kq\| Biogas |deg.sury } |\ 00— J  —————| A== /

production > -

G electricity 409 kWh Avoided !

,
1
(227-1M7}\ electricity ; electricity




Importance of iLUC: a rough estimation based on the same LCA system

kg CO, equivalent

900 ~

700 A

500 -

300 A

100 A

-100 ~

-300 A

-500 A

-700 -

Reference

Biogas

Net Net
Reference Biogas

Net impact

Extra avoided heat

Extra avoided electricity

iLUC considered: 1.04 ton
—_ WiLUC, average
CO.eq/ton feedstock

Other processes non equal
A =86 kg CO, eq. ICstored in soil (CO2eq)

1 Co-generation heat & power

M Biogas production

M Avoided heat
Avoided electricity

Yield

iLUC: 0.12 - 1.23 ton CO, eq./ton feedstock™
Mixture: 1 ton raw pig slurry + 0.48 ton wheat
Biogas: 158 Nm3 per ton fresh slurry (ex-animal)

* Based on the results in Edwards et al. (2010)
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Baltic Manure

In the framework of Baltic Manure, we will perform a few
LCAs with a case-study BSR country to investigate what
happens if:

- 40 % of the manure produced in DK is used for biogas
(2020)

- ca. 100 % of the manure produced in DK is used for biogas
(2050)

*This study should highlight what strategy should be
prioritized, if we aim to use more manure for biogas
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Conclusion and perspectives

‘Research is needed in order to adopt a consistent
strategy regarding manure-biogas in BSR

‘Importance of the LCA perspective to avoid the so-called
rebound effects

‘There is other ways to boost CH, yields:
-Running the digesters in parallel
-Pre-treatment
-Injecting H,

-Carbon capture and recycling
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BALTIC MANURE
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Questions & Discussions
loha@kbm.sdu.dk

More details are available in our recent paper:

Hamelin et al. (2011). Environmental Consequences of Future Biogas Technologies.
Environmental Science & Technology, 45 (13), 5869-5877.

The full report of our LCA study entitled “Life Cycle Assessment of Biogas from
Separated Slurry” is available on the Danish EPA website: www.mst.dk







3. Straw

I}~ Manure
excretion

H

In-house
storage

biogas

Biogas
production

P

Ji

-

Straw pre-
treatment

}7

_____________________________

w
-+
=
Q
g
c
(7]
(1]
Q.
Q
(%]
(=3
(1]
Q.
=
>
oQ

_____________________________

CHP

digested _

manure

What is the opportunity cost?
c) Bedding?

Using straw formerly ploughed down in W

soils

Spreading on
field

l__________________________________________.______________________>

Avoided heat

Avoided electricity

Avoided fertilizers
(N; P; K)

Bedding in animal
production (X kg)
A

Long term loss of soil quality

Beddiﬁg (X kg)

Yield decrease?




2. Energy crops

Manure In-house Biogas ~
excretion storage production (

}‘ Hectares of land used for
N energy crop production
(X ha) kg crop

biogas [

h > Avoided heat

CHP
—> Avoided electricity

digested _

N
Spreadingon |[——> Avoided fertilizers
field (N; P; K)

manure

What is the opportunity cost?

b) Using the crop for biofuels

Bio-ethanol/Bio-diesel (§ GJ)

Production of

bio-ethanol/bio-diesel

Vs

N
J

Co-products for animal feed
(B kg carb/protein)

Gasoline/diesel (§ GJ)

| Extraction & production of
gasoline/diesel

N
-

Carb/protein for animal

Production of crops for animal
| feed (carbohydrates/protein)

________________________________________________

Land use change: conversion of A ha of
land to cropland in reacting biome

4
4 N\

| Intensified agriculture
(. J

_———

feed (B kg)

Barley for animal feed

(Yke) A
) Zkg
PFOdU_Ct'O“ of },% Reacting crop (Z+W kg)
reacting crop
W k
Production of ] g T

reacting crop J




