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» Nutrient solution
» Dischargeable waste

water

& 2-1. (SRR AR RIE



GRpgasraERLERS)

(BRI Thomas karle)
2-2. JEREEE B

(M9) s R e

1. IR SR RIRE AR Bk

B ARBRA R Z R E A R EA RSMEREILE
TSRS Z T o3 MW E Ry (BIaiky ~ B ~ &
HE - @R HHRERZFE - BILDIREHEAHES S IHRSE
B e SRR HH R E BRI R AT - SVERE R 2 HE - &
VAR L VESERERLRBCT R RS - (E R EEHRGRHE S R Z FLHE -

2. THRERH

EAAFERDRE RS g BIRER THEE ol
M Z R B fReRgss - INIEL R e ETRERE - GIZ0a ]  frhee
RHE (8 3) #90fE (BUK - 26D RAEE R (Beedir) Alie

EHRERRCR > WINERER -



Rotacut Shredder

BRI IRAT R A

(F# %k : Hans Oechsner)
3. JBRETRNR AT R
(1) s Etns

{5 FH B e = B I R R m] (SR 72 S W Sy iR
FIH -

() NI EE B EEE

A FREA B R AE Ni~ Co ~ Mo ~ Se K Fe HHIRHFTE 2 ME
EEREE e ARAEE -

CO: + 4Hz -> CHs + 2H:0 °

() BB 2 iR R Bl = A ) A %

78 RAFAVE R R GRS B 2 i » AR DR
WEIEZR R MABR A - S5—J7H » ABEEERRIEA ~ ERAT
= VAR ERMAE R I R (5 2 S0 PR SR AR T A0 2 ) 2 2 R e A

BRRERBRRE RIS, -

10



(V) BEERERERE

B TR A AR 2B RRDR - L EeF FoRF I ER » R
E/\Eﬂruitlﬂl%’%’*éﬂ‘ﬂ%ﬁﬁﬁéxz\%mﬁz% EEK AR EIEE T
BT FORK L EFIEIE » i 0] i8R 40% 2 BZYVETER » HET iRk
720 BT/ BEEEERL -

(JL) B BRI 52T
mﬁﬂ%@igﬁemﬁ*ﬁ&ﬁiﬁ—ﬂm (NOx) ~ —&(bHi (SO2)

KRR EYYE (PM) > A DU E BV EERT RS 2147 BV ZERIGHYIR 2

HEIL -

(+) SRy N EEI AR TREEE

FHA R SRR A R Y B R TR EE B £ 30% > i 18R s
SELEREI I BT B S R B EBCR T (B NEDBR T
(<T5KWH » <300 BERAEFLAR ) B2 2R S8 - HAE S TEARRE S

EREENZR ARG T LB #E Ryl 2 75 KW UM 28R TR
2012 £ PRBUCEEE R Hra 1078 TO/E (4R 20 ) wF(E
KEEE 20% > FEIRHERBUN R4 B BRI E L 24 10
£ 0 ENEHEEEEY DamREzEX #E (&¥T -
2010)

/INELBR TR O] DA — BE TR R IR A ~ —BERREE S (S8t
St )~ —EOBRNTE ~ — BT - ML AR S E AR
R CA0iE 4) - 8V INIDER TR S BE AR » BFEER
A TR HAE RO BRI T o Bk A - JE
AR RS BB A R T RA B N A R TR B 55 PR
NG

11



Gasleitung

optional: gasdichtes
120 m? Stahifermenter im Container ~ Garrestlager
‘T T T\

EHRIZE © Dr. Walter Stinner )
4, /NEGBR T
— ~ BRILESE
Bio-Energy Furth AR TR AL A EEIA mEs - 1?2011 F1E=r5HiE

(A00E 5) - #8EBEIRLY 2,300 EEOT - FFHEREA 110 AE > &
ERbE (a0 6 BlE 7) - FEEAMR RIORERT (85%) il b—i&E
B A SR ROk - JARAER R 700 m'/hour A - SRR R4S
250 KW » 4358 8,300 /NI » R —F3F 88 Ry 200 EE - JHR LK
HERHT R - BEERDERTRE I 22478 ~ BRI 2248 ~ BUE R R B
fEe (2@ 8) ~ JBRALAG M EM LM (WE 10) 4HEK - Hp
WL R SA iR K T R B R EZE & 9% 2 Fibe > ERTREME K
SRR RAR SR Ry IR} - 52 T EIRO AR R DARE B T
Bl EE B EIESE (@ 8 HiE 9) 0 NMEEIEEMTIIE
M o R RZ MRS BRI R (% - RHLE B BLRE A -

12



[& 5. Bio-Energy Furth ;2R T W

I 6. ?*Pﬁﬁﬂ}}? TOoRFET I 7. é*?ﬁ%ﬂ)ﬂé & §7[<J=

13



8. RAEIE

[ 9. HiiErE e 10. #i{bF e B

Natura GmbH & Co. KG JER TR 2004 F-Htarais (L& 11) -
TR el (E5 G - SRS T Bam)
FEEERTE ~ BEAERskE (4008 12) < JBRER S 780 m'/hour > JHREEE
PRAHA 844 KW —& 8 S260KW 5 - gy s o — L3 § 650 /)N
1 - 384T 500 Y - N EamiioREE - BRE r&FE
B2V IR R A T ReRpe e 3R AE B » KR AWV oo 2 W)
B o FRREEEERNRRE % o R R bR oy B2 Rl kA A
BT A R R a i -

14



[& 11. Natura GmbH & Co. KG JBR Ti 12. 2FkbE- e ALk

Ruck Biogas GmbH & Co. KG /AR T 1995 F1E=pgiE (41fE
13) - SAIEEBFARLY 80 HETT © BHEHA 2 FE 900 AME— KA HEE
Je—JEE 2,700 AMH 2 SRS (A0lE 14 ) - SRR R 15,000
NWE - RN - BEESIE  BEXREEY) - B8 EORER (ﬁDE
15) » &R elR B 50 H B Bhis bl RGO ARCR SRS (20iE 16) - 78
7 2 5 150 m'/hour » S EEMEAAELE 350 B2 250 KW &—& > B i % °
a2 s A 2 [ R BRI FE A R DA — SR e B AR A T
JHERRE (WE 17) - fERE TR s - DI REE E T =
HUEAE (A&l 18 ) - FEERMET TR » i S pE U e SRS I SS (41
19) - EEfTHER: - R ERSRIER - mET RERRE (X0E
20) o JEERTEM R B B AR 2 ORI e 1T R 0 AIRER By
B ARG R R R S W P 2L -

15



PDF Compressor Free Version

13. Ruck Biogas GmbH & Co. KG ;BR. T Bt

X
& 15. SFFEbR-FH IR 16. B BEE 2R

16



PDF Compressor Free Version

17, FREUVEEIT 18. K sE fAUTA

19. EE{THEF &l 20. fEELHEE T

e - HEEER

— ~ BIr &M R i SR s i #oe

REGFEEARERE  HPaEsTE2ER e - NIt
HRAEREEN  GiEGERA AEHES - TRSE - M -
i RAKOKAL ~ KE ~ BRI  srltlE ~ B8R - REEE
TEVIE SR ~ (& -~ st > AOL TR HH &7 R TR Pl e BHRG
BRI ~ A]{E RsdBe BTl - BB MEt R @ e AR S
VisMEEE(EE - GERSERREER WREEZER > 525
EQSMERE SOBNEE - A5(5 FERE R 2R A tH BRI RE - i S5 e A T
LR -

17



= RIMEBER SR EE B SR ER A AN A
THbiERZETHRE 99 FREESFEEM A EHNE
G TR /K LURE B e 23 7 2 22 FE AR A TR < PR FH R 3 - s
TKIGREMUBHERIACR &AM L it - IR BN RE] 104 & 11
HIESE LKA aa b s s M R E B S HiR e/ R
B3 (= IR EAEA I HOAE A E R ARIE RAC I ER -
BEEREAEAEERCEN ERERILEBEFESHUSE
AR R ERANASEE  fIESER iR E R o il E
BivKigm B/ KR « AR EHEREEN MRS - 2B HESH T K
F— RN WEFERET - BLSTESEY) - Pt - R
ZiERCHAEN R (RIS GE AR ~ B ImORAMFEANTT) -

= BRAR TR E WSS =7 R A a2t |
HEE -

HATEE 2 H R A T 2 B B K i B AR AR T i 2 2 Bl
PIAETTAIN IRV B GRS HIVM A EAER » W 2 G 7 0
HR - RRAHRSAMAE AR BN - B ERRERESENRE -
WINERER  EHBUUKEERERE - AT EFRE IR IHNE
PGSR EITAT - BERE S = SE & i Bh s iy A R A 2
H o WS BPGTSRR i m - EAEREE B -

GEEIAFEI HANGER 5 FERAR B TR T ]
B R BN ERERINR S EREE N RlEE R ECKEZS6E
R HRRARMEEFE LRSS  HEEBRAREEH
EISNAELT > (EAGEEIR B2 MR E) - JHRA TS 55-75%Z Fite - A&k
B EAAL > RS 2 99% - iy EIERE RN RAR T HE
LI A TR A » B DI ~ AN B B e B RN B ] -

18



0~ SR e BAR BT B/ R R ER A Rt 2 ERE R K
B lahBh

BRI E NI B B RIS R e It 2B EE S
KRR - EOREREIRE 102 SRS ER S B S At E R R
SR N EHREE AT EE IS I ER R E T B G T
B L 2 =S Lo R EIR BRI~ SaE5R
FELRFREE IO 20t AVINRIFEEE TR (75 KW) fi k40
(bt Z s ERA VAT &2 A ETErT ARy N 48
B RN RER - NIERE R Z/MEGET 10 2 20
2 RS RSO ERABETT -

A EEARSEEEER
R R R EERE 104 FIEFHAREREREEEE
R EFTEAN I ARBEZ BEERE 3.3803 o MEAG B iR
SRR AR ST ORI JEEL > (2 H AT SRE S BT T
TBRAEENRA RS HAl 2 BREE hER KR Y BEYIEF
A > JEAIEIS AR SE AR AR E TR » BIESIRNERCA ~ /8
BFALRA KB PR & AR IR T R « SOBERER( &8 DS
R TR (580% ) Z/NEUBR TR (ST5KW) » 20 FEEIEE R e
#10.127 7t (0.2767 BRyT/ kWh) - WEHZEEE - /8T E
FEEEEE L BURTER - 5—HH > B8ETHE T EAERIKE 3
(2.8530 7T) BAEE 44K (2.927 Jo) » WIHEAVEEE JYEUNTER > 2
R RN B IEFH AR RS - 2014 FEREGEEE P ETEEE
8.51 7T (0.23 BRIT) « M KER S BRRAN o] LABEZ IR Rz $ P A AR
JRIMEBENURENSEE - GEEE AR e A HREE - R DU
T—ENFO AR GEEEH AR LR E T AR
I Sy RAFBER#EE  B e B E AR RE IR RAFHTSE A -

19



N~ B ROEREESOIERERIR

AL RS R R SRR R A H BTy (s R n SR
HESRAEIREH - — Tl JiERREREA LR ERE 104 4
6 Himi » MR EIRNR B IR AL > HARAGERENTARR 5% > itk
AR SR Ak OB AR - BB BB > 5RO REE
T ILHHEAR L AMERREAS R ENE 2P R
VR AL HH s ) SRS BUT &8 - — 2R8I -

2k ~ B

20



PDF-GCompressertree-Version

What is the focus of the different systems?

« 130 8001 Product quality, service sector,
customer benefit

« |SO 14001, EMAS Emissions, resource consumption

«  QHSAS 18001 Health protection

« TSM Prevention of organizational fault

ISO 9001, ISO 14001, EMAS, OHSAS 18001 define general requirements
which the company must translate into concrete action.

TSM is based on compliance with laws, regulations and the generally accepted
rules of technology which apply throughout the industry and are the same for all
companies.

Principle of management systems

9001, 14001, 18001 ... and TSM operate on the principle: PDCA

« Plan
* Do

« Check
» Act.
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Technical Safety Management (TSM)

Technical Rule — bulletin DWVGW G 1030

Requirements on the qualification and the organization of owners of plants for generation,
conveyance, treatment, conditioning or feeding of biogas

f ( |
% —<i— BHwW G
Fackel || I_ f____ e e
| E; i F—PGI ﬁnwandungsﬂere:ch:
J l i —— IGasnetz
! D Luft
- e o .:ﬁbgas -é é '
i |_.-\.. - .! i-“- - I e, i ‘
! | i
BGA > BGAA ?—‘@[ BGKA -t BGEA Hy<t—Id—
! |
P | J L o
| o Proei | u
Heacenzat b
BGA —* Biogas plant BGKA — Biogas conditioning unit

BGAA — Biogas treatment plant BGEA —* Biogas feeding unit

BHKW — Cogeneration unit

Guidelines as tools of the TSM

Guideline as an instrument / tool for the following segmentts:

- (as,

- Water,

- Waste water,

- Electricity,

- District heating,
- Industry gas,

- LPG (networks)
- Biogas,




PDF Compressor Free Version

Influence on yield BTS
Silage additive
Forage plant l Ensiling technology f
< ! { ! ¥
Epiphyticmicroflora  —> Ensilability <~ storageconditions |
fermenting bacteria * = withering
fermentation micrﬂhlal comminute -
bstrat i 551 E
additional delivery activity \ Arekdies
buffering capacity tempt!rmre K
it gaspifattiiﬂn it Fermentation “70°" .
'Egrata IR gt i — I
l -+ pH-Wert *  Fabric conversion
System silage - Zimmer 1969
Influence on yield 8BTS

Schematic representation of the
DM losses

loosening

low

removing

EEmS—— compactness

high
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Example Hazard evaluation / PLT

ARGE Biogas |
SAFETY FIRSTJ

Stedarumng.
SR

Mangsinde
Funktionss charheir

W L. Die Prozesslettechnik ist oemall Risikoanalyss
fablarsicher ausgafuhnt € 4

ok

Specialist knowledge is still required.

Safetydocx cannot replace the knowledge communicated in
technical training and instruction sessions.

F TV ETT

13

Efficient: Safetydocx

ARGE Biogas‘[
SAFETY FIRSTJ

i
8

14
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ARGE Biogas
SAFETY FiRST

Efficient: Safetydocx

= Rules and regulations

Publications by FvB

Safety labels

Typlcal fire brigade plan acc. to DIN 14095
/Typical process control matrix

Typica| hygiene plan

Typical explosion protection document Dust”

Workplace exposure limts

15

ARGE Biogas
SAFETY FIRST

Efficient: Safetydocx

Damage management / trouble shooting
Authority compiiant behavior
Insurer com

Fire protection ¢

Lightning stroke risk analysis)

Worth knowing

16
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ﬁ% Bungesministerium
filr Unmweelt, Naturschutz,

Bau unc Reaktorsicherheit

Water legislation Simplified building laws

§ 62/63 WHG: Duty of care
principle — reference to building
authority permission

AwSV (VAWS)
Requirements on plants

TRwS
Unanimity among experts

specified in the AwSV

Water authorities

Art. 17 MBO: Proof of suitability also
for other legal areas

¥
WasBauPVO
Identif. of concrete building projects

abZ for building products as parts of
AwSY plants

Proof of suitability for plants J Changed by ECJ judgment

Building supervisory authorities

BIOGAS-Tagung 16. — 18. Februar 2016 Nirnberg

@ Bundesministerium
filr Unmwalt, Natursehutz,

Bau und Resktorsicherheil

Link to building law

Following the ECJ judgment of 15 October 2014,

member states must not make

or markings.

some extent the water law are

national

requirements on building products harmonized on
European level. This relates to permissions by the
building supervisory authority and other procedures

As a consequence of this, the building law and to

being reviewed.

BIOGAS-Tagung 16. — 18. Februar 2016 Niirnberg
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What is the essence of the
amended laws ? ? ?

DVO - Fertilizer Ordinance

« Digestion products are charged to the farm’s upper limit
longer blocked periods / restrictions on crop types

¢ Nutritional balance / budget per holding

« Provision of 6 months’ storage space for all liquid types of
farm manure

AwSV

» 9 months storage volume for liquid digestion products
« No store of digestion products in earth basins

« Service the biogas plant with wall

« Leak test (every 5 years with empty tank)

- More storage capacity, more efficiency in application needed,
-» Scarcily of area, transport and treatment of digestion product

TLL, Reinhold 2016 ‘ www thueringen.dethatl { ﬂ‘

Use of substrates in biogas plant:

Source: DBFZ owner opinion poll in 2014

2% 0% Biogas plant stock in
- 6% Germany: 0.24 kW/ha
NAWARO lw, Restetoffe
28%‘ Fommunaler Bioabfall miirschaftsdinger
u Rinderglile (63.6%) = Schweinegtille (15,8%)
48% 79, HTK(@23%) Stalimist (6,8%)
et i g/ nicht spezifiziert (WD 11,4 %)
0 . %ﬂ/z
A 5% Farm manure use depends
strongly on stable size, not
Size Inst. i:vpacity Rﬂna;:abhs Farm z:anura on StﬂCkEﬂg rate
depends <70 16 83 - Low level of slurry use
on farm 71— 150 34 65 refining regions
manure 151 - 500 45 53 - High rate of slurry use in
use 501 - 1000 51 40 Central Germany

= 1000 o0 32

waw thueringen.defthiil | g ]
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Farm manure and digestion Thiringen
oroducts

Quantity in Germany

192 million ta .
Higher due to biogas plants/ Yndigested farm 40m t 3Bmt
from 152m to 192m t/a mantire

digested farm renewables
manure '

to 126 % (16 t/ha farm arga) (110m ta)
{of ithat = 74 % of total

43 % digestion products) prodiiced
abt. 80 kg N & 16 kg P per hz
area

emt

ar = = cmn

Quantity in Thuringia

6.8 million t/a Dloas

Higher due to biogas plants : 3amt  (4.5m ta) 100
from 5,6m to 6.8m t/a digested farm trenewables
o 121 % (8.5 t/ha farm area manure Fons .

{of that other

66 % digestion products)) Thaerngen desnont ()

Teepstag! Trirtye

Thirringen Rt

N produced by municipalities

Date: 2010 Source: Wistholz, et.al. 2014, Berichte tiber Landwirtschaft Band 92, Heft 3

Due to animal stocks Due to biogas

ka1, T nba LE

Animal husbandry had little influence in the selection of biogas plant
sites

TLL, Reinhold 2016 www thueringen. defthoml | a )




Frafstant Thieinge
Thiringen B o

DVO 2006

Putting digestion products Ly e i
in the farm manure category

had already been a demand
for the amendment in 2006

Standpunkt

Had this been done, the i

absurd construction of girseys ol i
biogas plants feeding on et itz von Blogaagile

renewables in the

refinement regions could

have been prevented

Tromncon &
TLL, Reinhold 2016 wuw.thueringen.de/thartl (i}

- Effect of biogas plant is that of livestock keeping

- 1 kW biogas = 1 livestock unit (LU) as regards forage
area and fertilizer area

Refinement stock:
LU + kW
i~ hg
Dairy cow (1 LU) Parameter Biogas plant - corn (1
kW)
0.5 ha/LU staple fodder Area needed 0.5...0.55 ha/kW,,
Energy concentration Feed requirement Digestibility
80 - 90 kg/LU net N produced 86 - 95 kg/kW
14 - 16 kg/LU P excreted 16 — 18 kg/kW
100 - 110 kg/LU K excreted 85 - 95 kg/kw :




for good and

regional use of digestion products

Digestion product ingredients (mixed fertilizer)
- 2/3 of the need by organic fertilizer
Observe site nutrient demand (supply stages)
- Animal stock (LU/ha) and biogas plant stock (kW/ha)
- Soil properties / crop rotation
Cultivation / crops (depends on animal stock)
Application period / application type (legal framework)
Low loss (NH,-N proportion - N-MDA)
Loss in transport and cost of application < nutrient value

Within ready reach in regions with
refinement stocks < 1.5 (LU+kW)/ha

TLL, Reinhald 2016 www thueringen.deftha ) m_’

LU and kW stocks on rural

district level (date: 2013/14)

Miedersachsen

fimit

High digestion
product value |
. .achisvable

KW/ha




Frisinat

Thiringen

Interim conclusion

Conseqguences of the inclusion of digestion
products in the 170 kg limit for biogas plants:
» Rate of digestion of external slurry declines

« Trend to treatment (of liquid-solid separation to drying and
total treatment)

« Necessity of removing nutrients from refinement regions
increases

» Higher transport volume (farm manure)
« High economic pressure on biogas plants in refinement
regions
Effects felt mainly in refinement regions with
refinement rates > 2 (LU+kW)/ha

TLL, Reinhold 2018 www thueringe n defthafll { H :

Adaptation reaction to increasing kg

need for storage capacity (9 months

« Construction of storage space

— Gas-tight digestion product store on the site of the biogas
plant

— Not of gas-tight field-edge storage capacity

« Reduction of substrate use (with/without output compensation,
with consideration of flexibilization)

* Reduction of the amount of digestion products by
— Reduced output in combination with flexibilization
— Substrate change

— Digestion product treatment (solid-liquid separation,
thickening, drying, total treatment)

— Use of pilot injection machines
“wEransport out of the refinement regions wwhveringendetton @
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Model plant (site with 10.000 m? cow slurry,

300 MWh/a heat demand, 200 / 400 kW rated output)

Parameter Unit Plant A Plant B
Installed capacity kKW 225 450
Corn input t/a 2 887 6 950
Slurry % 78 59
Digestion space m? 2 000 3 500
volume

Dwell time d i g 75
(2.3 kg/m* d)

Digestion product m®/a 11 810 14 904

Applies to: EEG 2009, constructed in 2011

TLL. Reinhold 2018 wwa thueringen.defthall | g j
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Construction of storage space
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To observe (incompiete):
» Residual filling
 |nstallation site

(fire protection/explosion
hazard zone)

» Distance to buildings
» Effect on gas flow

« approval? Major
Accident Law?

Legacy plants: Vessel stability; wind and snow loads
Passive corrosion protection of walls and bottom
Agitator, center pillar, gas cover (pressure holding)

Gas system (observe pressure differences/ gas flow direction)

TLL, Reinhold 2016

waw thueringen. defth il ff_ﬁ‘




Effect of the co.nstruction of a
digestion product store (DPS

Parameter Unit Plant A Plant B
Constr. DPS for 90 d m? 2912 3 675
1. Gas-tight DPS nex to to the biogas plant
Investment €/m? 83 74

K€ 241 270
Depreciation (10 a) K€/a 24 27
Interest (5%/2) K€/a 6 7

: K€/a 34
Total cost b 1 ﬁ UE

2. Field edge store

Total cost b 14 16
ct/kWh 0.82 0.47
TLL, Reinhold 2016 www. thueringsn.dethol { a |
Effect of the reduction of the Thiringen &5 5.
slurry proportion
Parameter Unit Plant A Plant B
Rated output kKW 170 361
S Inputd m¥a  5904/67% 4831/41%
proportion
Corn input t/a 2 887 6 950
Profit reduction K€/a - 385 -52.8

Possible earnings

K€/a 9.0 17.9
(flexibility bonus)
Generally imaginable when external slurry is used:
{loss of slurry bonus, no transport and application cost)

Own farm slurry - Additional storage space required

TLL, Reinhoid 2016 www thuaringan, de/thaiti {_gj




Reductlon of the slurry proportio TR P

and increase of corn input

Parameter Unit Plant A Plant B
Slurry % 59 33
Corn raised to % T2f 114
Extra cost ct/kWh 1.66 1.85
Construction of open slurry store for undigested slurry
Store size m3 2 386 3 011
investment 102 117

Storage cost cUkWh U 3 0.4
Total cost ct/kWh 1.47
Own farm slurry = Additional storage space needed because
digestion product and slurry must not be stored together

TLL, Reinhold 2016 wwwthuerigen.cethenl (1

Substrate change to reduce

the amount of dlestlon roduct
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Solld Itqu1d separatlon to reduce ha

storage space

Parameter Unit Plant A Plant B
ebalatien eastils . u.yn 0.67 0.42
€/m?)

Construction of open slurry store for residual storage
Store size m?3 2 148 3 828
investment K€ 96 134

KE/

Storage cost ctkah m
Total cost ct/kWh ﬁ

Limited effect (abt. 10%) — but reasonable when some nutrients
can also be relocated.

TLL, Reinhold 2016 www.thueringen.de/thl f./ﬁ |
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Use of ignition oil

» 3 ... 5 % ignition ol

*» 2...3% hig her efﬁciency (compensates the higher cost of pilot
ignition equipment)

- Digestion product reduced by about 5 % due to
—>Higher efficiency (substrate saving) and
- Substitution of substrate (ignition oil * efficiency)

->Additional storage requirement lower by about 12 %

->Stronger effect with
—>Smaller biogas plants (efficiency improves)
—>Saving of substrates low in dry matter

TLL, Reinhold 2016 wanw thueringen.defthoall {g




Use of pilot injection

cogeneration unit (5 % dosage)

Parameter Unit Plant A PlantB
GOM  zZiSt GOM Zist
Efficiency % 38 42 40 43
Digestion product m®%a 11810 11327 14904 14 144
% 96 95
Avail. digestion m? 5905 7 452

product store
Add. for 9 months m? 2953 2890 3726 3156

Saving % 12 12

Useful only when cogen unit is changed and other
changes are also made at the same time.

TLL, Reinhold 2016 www thueringen.defthS/tl 4 ﬁ

Froistine

Proposed blocking of earth basin Sl s

digestion products (AwSV

"Earth basins" are basins built into the ground or constructed by
dams ... the bottom and slope consisting of soil sealed to the
ground by a membrane

» Construction preferably in the East in large TPA
* Thuringia: medium size

— Earth basins 6000 m®

— High-level tanks 2500 m?

* Non-approval of earth basins
— Planned under purely formal legal aspects

— Aggravates the storage issue, especially for biogas planis

with high slurry input (Thuringia, Saxony and Mecklenburg-West

Pomerania) :
TLL, Reinhold 2016 wiww thueringen. defth ol ‘iha




Affected by the amendments

Amendment of the DVO has most

pronounced effect by inclusion of digestion
products

* in the refinement regions

Amendment of the AwSV has effect on all
biogas plants through the 9 months storage
requirement, most strongly on:

« Small plants (because of higher slurry input, poorer

efficiency)
« Plants with high own slurry input (plants on large
w Hyestesk farms in eastern Germany) wnawsthusringen derhol (5 )

Regional affectedness:

Animal husbandry Biogas
LU!ha farm arga kW/ha farm area

prohalF

inclusion of d:ges’uon in 170 kg N/ha {DVO) has effect only
where refinement stock is high

9 months storage time (AwSV) affects all blogac; plants,
additionally impairs high slurry input wwnthuerigen dotront ()
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Practice 3, liquid: Vacuum evaporation

Summary:

» Abt. 2/3 volume reduction of liquid DP
» Distillate: abt. 1.3//kWh th.

+ High evaporation efficiency

+ Low emission level

+ ASS as (potential) product for sale

-[+ Little nutrient loss

-/+ Heat and electricity demand

-[+ Eligible for cogeneration bonus

Conclusion & outlook (1)
Production & marketing:

* Digestion products for the market make high demands

* Digestion products are quality fertilizers

* Product development for single biogas plants almost
impossible

* Marketing + sales very laborious and extensive

* Potential solution: Pooling or franchising (see example of
composting plants)

* Earn more from sale of digestion products

(professionalization)




PDE_ Compressor Free Version

Renewable resources

Preservation losses

Substrate transport Manure /
(2 to 20 km) digestate
Silage

Transport silo to digester Maize

Gl / ha 18,5

mass % 12

Mt/ tkm 2.8

MJ/Lkm 7.5

KWh / d 73

Up to 30 % losses during substrate storage

6 % of losses in dry matter

17

20

3-8 upto30%

493

8,51

018

0,64

0,14

16.0

14,0

® 12,0

L

2100 Solids feeder

8 80

& Agitators

& 60 .

o

e 4.0 CHP, pumps,

= .

&= peripherals

S 20

0.0
A C F G i
Plant No

CHP, pumps,
peripherais % 23,9 83,1 50,9 50,3 56,8 52,2
Agitators % 68,8 114 433 43,3 38,9 47,0
Solids feeder % 7.3 5,4 5,8 1,3 4,2 0,9




PD

< 2000

2000-2003

2004 - 2008

2008 -2010

Operating hovrs 2011 (data taken from operator survey DBEFZ 2011./12)

6911

7801

8248

8273

47
90
297

146

5161
6570
7323

7242

Operating hours are an indicator for process failures
Overall guality of biogas plant is improving

49

a4

287

132

Losses:
e Overproduction
* Malfunctions
CHP 7.6 4 491
Feeders 5,2 2 319
Agitators 5,8 2 219
Foaming 283 3 37
Floating layer 7.8 3 62
Onveracidification 1.7 10 52
Other 12.3 5 48

(Sourge: Operator suney DBFZ 2011,/2012, n=577)

CHP is most common reason for failure
Efficiency is affected, if biogas can't be utilized
Statements from operators (operating hours?)
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Bayerische Landesanstalt flr
LfL Landwirtschaft

Economic erficiency

improvement
Ulrich Keymer
Institui fur betn swirtschart
di;r -‘;“‘?’_-‘.‘fl‘ "I“i.'l. i{”
Q‘ Loss in silo and storage

Assumptions: 1,800 €/ha cost

Lnss
B
Residual respiration Unavoidable 1- 18 - 36
Digestion Unavoidable 5-10 g0 - 180
Silage effluent Process related g- 7 0-126
Field loss Process related 1- & 18 - 90
Noxious digestion Avoidable 0-20 0 - 360
Aerobic deterioration Ayoidatie 0-10 0 -180
Pcst—heatmg Avoidable - 180

—m 108-720

=% Compaction: Rolling = 2 min/t; min. weight = pick-up rate [t/h] /4
===} Cover: On the same day, if possible
== Feed: 2 2.5 m/week in summer

y LfL Source: Thaysen, J., Wie hoch sind die SFisnverluste?, BAUERNBLATT 2508 2012

Agrarironcais v an0te Institut fOr Betriebswirtschaft
und Agrarstruktur
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Need-based electricity production (1)

Assumption: The available cogeneration unit is sold

L AGTOAL i TARGET

lInstalled capacity KWea 500| | Operatingmode Time | Hours

\Electricity generation kWhia 4__1__‘;:’_‘__1_'3_!'2}_!} Time window (1) ff om S

Full utilization hours Vbh 8.322| | Time window (1) t 16

Annual hours h 8760| | Time window (2) fmm 18 1 3

Capacity utilization % g5 Time window (2) to 24

Usefui life Vibh | B7.000| |Total 16

Utilization %o 38

Methane content in bicgas % 53| o0 S | T T

Gas production J Nt | 237 | Fullload nperailan ] 1 I6ihid

Gas consumption Nm2h I 1“2_-3?: 'Requ. output with 'EE Vbhid L T2 kW

‘:1"'9'53'5"9.9@{5;’[”35}3 Ct’?‘;ﬂh G?gg- Pianned utifization ' 95 %

anagement bonus :

Markgter’s share . Installed capacity T80 | kW,

Excess proceeds EPEX from! o = Utilization 41 %

schedule 35

:Markeuﬂg MHL % 3{} —._ Ml AP e e LR ,_,. i e

) nit censidered in the calculaton Required gas storage volume 2456 m?

Construct. of add. gas storage | 1.706 m’_
Biogas need reduced by 80 379 | SL”
Sa;ng on substrate cost 33, ?EE IE.fa

20 LEL

Agrorokosomie A1

Institut For Betriebswirtschaft

urd Agrarstrakbur

Need- based electrlcity productlon(1)

foLFL

Assumption: The available cogeneration unit is sold

=

Target
Electricity production kKWhala 4.161.000
Conduction & transformation loss kWhafa 41 610
Electricity compensated kKWha'a 4.119.390
[__Add"i-t]'“on al acquisition cost 605.680
Excess proceeds from flex bonus €la 29 575
Savings on subsirate cost €fa 33.768
Mo general overhaul €& 19 393
Additional fixedcost ~ @a 73176
__Additional operating cost Efa e :‘.‘:?
| Balance % 7.141
Posslble excess proceeds
EPEX SPOT auction business?  €/a 12 604 |
Marketingof negative MRL” ~ €/a 5577
“Less marketlng shares i £fa -5 084
Ealan{:a SN 1 12.096
[Total balance _ €/a 19.237 |
| Overall return 9,35% |

* Market data for 2015

New cogen unit
P=461,000€
Old cogen unit
SP= 52000 €

Agrarikocnemic

Institut filr Betriebswirtschaft

und Agrarstrukiur
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Need-based electricity production(2)

Anticipated provision of replacement

et
{Installed capacity kW 500

Electricity generation kWh/a 4.161.000 |
Full utilization hours Vih 8.322 |
Annual hours h 8.780 !
Capacity utilization Yo | .. iG]
Useful life Vbh | B7.000
Utilization % | 38
| Methane content in biogas % I Ry
Gas production Nm¥h 237
Gas consumption Mm¥%h | 237 |
Available gas storage m*_ 750,
Managementbonus®  |CtkWhy 0.20]
Marketer’s share

Excess proceeds EPEX from %

schedule . 35

Marketing MRL Y 30

 not considerad in the calculation

7oL

Available cogeneration unit remains as stand-by

TRHCEGE al e
Operating Cogenu. (1) | Cogenu. (2)
modeahrweise | Time | Hours ! Time | Hours
Tmewind. (fom| - T 1 8 =
Time wind. {1} io + 16
Tmewind. 2)from| - |, LT
Time wind, (2} to - 24
Total 0 16
Full load operation e =
Requ. output with 16 Vbhid | 0| 712 | kW,
Planned utilization _ 0 95 | %
Installed capacity | 00| 750 kW,
Utilization 38 41| %
Requ. gas storage volume 2458 m?
Construct. of add. gas 5
storage LA |
i Nmz
! Biogas need reduced by B0 379
| | CH,
Saving onsubstratecost | 33766 [€/a .|

Agrarokoromio 14

Institut Fir Betriebswirtschalt
uhd Agrarstrukbue

Need-based electricity production{2)

Available cogeneration unit remains as stand-by

? LfL

Agrardkonomie

Target
Electricity production kWhyta 4.151.000
Conduction & transformation loss kWha'a 41610
Electricity compensated kWhai'a 4.119.390
e Mew cogen. unit
Additional acquisition cost 770.447
| < = o 4e o€
Excess proceeds from flex bonus €la 81.250
Savings on substrate cost €la 33766
No general overhaul . &a 193893
Additional fixed cost €l -893.050
___Additional operating cost €la _ -11.145
-5 U R - 30214
Possible excess proceeds
EPEX SPOT auction business’ £la 12 604
| Marketing of negative MRL” €a _ B.77
lessmarketingshares =~ €4 -6.084
MELRL s e S 12.096
| Total balance € 42.310 |
| Overall return 13,98% ]

") Market data for 2015

Institut fir Betriebswirtschaft
und Agrarstrukiur
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|[E-Directive

L

@

@

]

€9 LFL

2010/75/EU =» Industrial Emission Directive

November 24th, 2010: Integration of proposal

Januar 6th, 2011: Regulation becomes law
Januar 7th, 2011: Implementation by member states
Evaluation:

~» All activities concerning IPCC Directive / codes

~ All combustion plants bigger than 50 MW (heat input)

~ Waste incinerators and production facilities for titania and
drying

~ Methodological basis for other regulations (e.g. regarding best
available technology)

Institut fiir Landtechnrik und Tierhaltung

MCP-Directive

LERL

MCP = Medium Combustion Plant
Developed by Environment Committee of the European Parliament

Part of the Clean Air Directive of the EU-Commission presented in
December 2013

Results presented on July 15th, 2015 after , Trilog“-negotiations of
council and parliament

Objective: Reduction of emissions of sulfur dioxide (SOz), nitric oxide
(NOx) and particulate matter (PM)

» So-called ELV (Emission Limit Values)
~ Concentration of carbon monoxide {(CO) should not rise

Became effective on December 28th, 2015 = member states to
implement any defaults into legislation until December 2017

Institut fir Landtechnltk wund Tlerhaktung
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Plants Involved /| Emission Limit Values- MCP-Directive

» Definition Art. 3 (5): ,Any technical apparatus in which fuels are
oxidised in order to use the heat thus generated”

~ All plants with 1 — 50 MW thermal input (about 150.000 in EU)

» ELVs are differentiated in tables for existing and new plants:
~ Existing MCP (1 - 5 MW und > 5 MW) and new MCP
~ Existing and new engines and gas turbines

~ Existing” £ all plants comissioned within a year after
implementation of the MCP-Directive

~ Compliances: for existing and new plants=> 2025/2030 and
December 20th, 2018 respectively

» ELVs are distributed into six types of fuel:

~ Solid biomass, other solid fuels, liquid fuels, heavy fuel oil,
natural gas and other gaseous fuels

Institut fir Landtechnik und Tlerhaltung

Procedure After MCP- Dlrectwe

_ 1. Registration >

“Creation of a naotification after one month i Y
Zname, type of fusl, size, ., | Authorities

— e
< 2. Suwgi{la_rjce

Guarantee: surveillance and fulfillment _.
of ELVs (SOz NO: und PM) |
« Atleast three months after first start- up

» Cost-efficient surveillance allowed

Operator

;PInspen::tinn and collaboration are obligatory

Exceeding the ELVs without adaption
afterwards could lead to a withrawal of
permit

& Compare with response time for administration according to TA Luft 2002: between
i three and six months after first start-up
" LfL

Institut fir Landtechnik und Tlerhaltung
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Calculation ELV's - MCP-Directive

* |In mg-m™ based on

~ Standard conditions for exhaust fumes: 273,15 K and
101,3 kPa

~ Excluding water vapor content

~ Reference oxygen content: for combustion plants
depending on type of fuel (3 — 6 %) or for engines and gas
turbines (15 %)

» Same for TA Luft except for different reference oxygen
values (5 % for engines / 15 % flir gas turbines)

7ULRL
Tigr “ Institut fGr Landtechnik und Tierhaktung

Development of , TA Luft”

» 1964 first initiated as administrative regulation: “Technical Instructions on
Air Quality Control®

» Plants with a requirement for licence after BiImSchG
~ 50,000 plants affected (not only biogas)
& other plants with building licence according to “Biogashandbuch” or
benchmarks regarding TA Luft Nr. 4

» State of the art/ ,,best available technology” (BAT)
» Last modification in 2002

» Limit values according to type and size of facility

» Making of draft law in 2014

~ Interdepartmental coordination in 2015
»~ Next amendment mid of 2017

r
4 |

oo L

Institut fir Landtechnik cnd Tierhaltung



PDF Compressor Free Version

ELVs in mg-m™ - International / National

TA Luft 2002 MCP-Directive Draft of TA Luft 2017
Poliutants for
angines Pilat
{5 % reference e (:':Itto- injection : d 2 =
enging : Exlsting engines New engines Mo distinction
oxygen) <3 MW engine
= 3 MW
co 1.000 o0 (N oo O
507 (Gas-Otto) o C
NO: s00 | 1000 | o e ecton | 507 sl 500 )
80: J14* 160" 107" ag
P 20 (30 for existing pl.
e, be until 01.01.2020)
Particulate matter 20 4
CiHa (hydrocarbens) 1.000
= Origirai valus fransformead info a comparable eeference oxygen value of 5%
*} Formaldehyda

» Expected impact on biogas sector - TA Luft 2017:
~ Continous monitorin 1(«:20 MW): CO, NOx (without exhaust
treatment for NOx), PM (for pilot injection)

~ Monitoring yearly (<20 MW): CH:20, SOz, NOx (without exhaust
treatment for NOx), Staub (for pilot injection)

~ Gas turbine: stricter ELVs without any impact on technical
adaption (no exhaust treatment necessary)

1

=’ LFL

Institut fir Landtechrik und Tierhaltung

Impact of EU Legislation on German Legislation

» The German Federal Environment Ministry does not plan to modify
structure and methodology of its legislation.

~ |ED — BAT-conclusion (emission benchmark) in the Official
Journal of EC: affected plants after four years of implementation

~ MCP-Directive: implementation of its defaults into national legislation
by member states until end of 2017

» Discussion over adaptation of TA Luft 2017 (not only CHP)

~ ELVs, 11x BAT, immission values for particulate matter (PM) from 10
um = 2,5 um), carcinogenic substances, etc.

» Resulting questions for the biogas sector and TA Luft 2017:

~ MCP-Directive: member states are allowed to implement stricter ELVs,
locally

~ Granting of exceptions (more efficient technologies in the future)?
~ Is it still possible to adapt national ELVs until implementation?

o8
I.'_;
£
LfL
; e Institut fdr Landtechnik und Tlerhaltung
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‘% RheinfandDfalz
Labeling |

Information about application
Note that recommendations by the official
authority have priority

1. Time of application

2. Nutrient availability

3. Application rate

4. Application technique

5. Restrictions on application

6. Risk reduction

TR sichia Kl g Er [ e agran

Rhetnl pi
Farm manure labeling — DUMYV 2012 5 fmm

Kennzeichnungsheispiel nach Diingemittelverordnung
vom 05 Dezember 2012

Die Kenmeeichoung von Gelalte s edolgt grendsareich suf dle Frischmasse berogen. Von dheser Grundregel gibt es rer wenige Ausnakmen; 8. Schadaoffgehatie
rach Anlape 2 Tabele 3.4, dieauf & Trackenmaze bezcgen wu kernzechnen sing.

Wirtschaftsdilnger unter Verwendung von Schweineglile und Mais

1300 6 M stickstalt . Dz Gehalte dilrfen zusatalich inkg/t
w9 N verfligharer Stickstoff angegebetwerden,

xxx Y N Stickstoff tierischer Herkunft

| Angabe zuSpwenndhestofen rur, ween felgende Gehake in der TM erreicht zind:
| DW0Z % B, 0004 % Co, 005 % Cu, 0,1 BZn. Die Kenneolchnung der Gehalte ertoigt in

00 3% B0 Phosphat | T

¥, T K, 0 Kallumanxid

| Eing Kernzeichnung von Gehalten an basisch wirksamen Bestandtedlen Istab 5 Hin
% I
X0 % Cu Kupfer der Thi vorgeschneben.

x% % Cal basisch wirksame Bestandteile Dle Kennzaichoung der Gehalte erfc-.gt in der Frischmasse.
-..Mettomasse oder Volumen -~~~ 0 L——m—0H0bb0mpmriim—

Imverkehrbringer / Hersteller:

Ausgangsstoffe: 60 % Schweinegiille {Kat. 2 gem, EG-VO 1065/2008), Mais EIneKenmelch;;..:-r.l.g-'.lnn Gehalter anarpantscher Subsans 51 ah 5% i der TM |

i ! vorgeschriehen. Ein Gehalt an Seleri ist ab 0,0005 % in der T auszuweizan.
Nebenbestandteile: x«0t % organ. Substarz, xxooor % Se Selen : Dia Kennzeicknury der Gehalte arfolgt jeveils In der Frischmasze.

e kg T As Arsen et R o e e e 4t . -
Dneﬁeha!te an Schadstioffan n-arruE -ﬂ-ﬂla I Tabelle 14 sind bel Errelchen [ UberschreRon der

Anwendungshl'nweis a | Ken mehhnunnss«:imeﬁ‘w In Sonire 3 beroaen auf die TM antueebes.

Sachgerechte Lagerung und Anwendung {z.B.: Diingeverordnung, EG-VO 142/2011 {Organisches Dingemittel /
Bodenverbesseryngsmittel unter Verwendung von tierischen Nebenprodukten = Zugang fur Mutztiere zu den behandelten Flachen
wahrend eines Zeltraumes von mindestens 21 Tagen nach der Ausbringung verboten) )
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Treatment aids for fertilizers

Regulation for treatment aids

1. Up to a concentration of 0.5 %: ldentify the
purpose of addition;

* e.g.: prepared with conditioning agents,

* Prepared with precipitation agents

2. Higher concentration: additional specification of
the substance used

= e.g.. prepared with sulfur as coating substance or vinasse as dust
binder

» Prepared with carbonic lime as treatment control agent

Labeling example

— Farm manure with the use of pig slurry and corn -
... % N total nitrogen
.... % N available nitrogen
..... % N nitrogen of animal origin
... % P,O. Phosphate
... % K,O Potassium oxide
0,0005 % Cu Copper
0,02 % S Sulfur
Net mass or volume .....

Producer / placed on the market by ......

Inputs: 60 % pig slurry and silage corn
With the use of ferrous sulfate for precipitation of sulfur
Notes on application and storage......
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Labeling example
Organic NPK fertilizer — liquid 1.8-2.0-2.51

with the use of farm manure (pig slurry), material from the processing of
medicinal and aromatic plants (garlic), animal by-products from kitchens and
canteens (category 3 according to EV Regulation 1069/2009)

-Digestion residue-

1.80 % N total nitrogen

0.95 % N available nitrogen

2.0 % P,0, total phosphate

2.51 % K,0 total potassium oxide

5 % organic substance, calculated as ignition loss

50 mg/kg DM Ni nickel
Net weight (voluntarily also the volume).....

Producer / placed on the market by......

Labeling example

* Organic NPK fertilizer — liquid- 1.8-2.0-2.5
Storage and application....
“The restrictions on application and quantity defined in
regulations governing waste disposal (AbfKlarV, BioAbfV)

must be observed when the fertilizer is applied to
agricultural areas.”

“Application requirements: Suitable precautions shall be
taken to avoid the uptake by farm animals when the
fertilizer is stored, transported or spread in the field.”

“No mixing with animal feed.”

“Organic fertilizer/soil improver prepared using animal by-
products — access for farm animals to the treated areas
forbidden for a period of at least 21 days after application.”
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Section 46 EEG 2014 “Digestion of slurry®

» Assumed value : 23.73 CENT/kWh,,

+ Rate under EEG marketing: 23.53 CENT/K\Wh,,

« Degression first time from 2016: 23.41 CENT/kWh,,
» Electricity must be generated at the site of the biogas production plant
= Total installed electrical capacity not to exceed 75 kW,

« Per calendar year: = 80 %by wi. slurry EU 1069 without poultry

Section 9 EEG 2014 "Technical requirements”
= 150 days of gas-tight dwell time when digesting non-slurry EU 1069
» Construction of new digestion residue store at the site of the biogas plant; must

be covered to be technically gas-tight
* No feeding management
» Entry in the plant register
= Possibly deviating requirements by the approval authority

- et <)
3 of 20 CARM.EMN.
Substrates Dwell time in d Sizes
Digester |Store S0 TNy
100 %
Dairy cattle slurry 30 0
84 % / 16 % dairy cattle
slurry / renewable primary 70 90
products
50% / 34% / 16 % dairy
cattle slurry / cow dung /
renewable primary £ o6
products,
90 % / 10 % dairy cattle 50 0/90

slurry/ cow dung

4 of 20
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Substrate Price of basic DS/oDS Biogas Methane
version free content
| pant | 0 —
| in €4 in% by wt. |inm*BG/A |In % by vol.
oDS
Cattle slurry 0.50 7.5/80.0 380 55.0
Cow dung 1.00 25.0/85.0 1450 55.0
Corn silage 40.00 34.0/95.0 650 52
(silage in silo, 0
covered)

Electricity purchasing cost: 20 Cent/kWh
Internal electricity consumption depends on the substrate mix

| @

? Gf ED C.A.R.iE.N.
Plar:;size Head of Investmen “E';Bﬁt Total return
cattle t on i“.ﬁ'.'ﬁ?m?_'_‘f
30 kW, 258 LU [240KE |10 K€/a 12.2 %
__§q_kwe, 397 LU 326 K€ 130 K{;‘_{a 22.1 %
75 kW, 5553 LU 417 K€ 57 K€/a 309 %
LU = livestock unit :

@®
C,&.R.M,E,N.

8 of20
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_ 150k Factors of influence,;
00 example: 30 kW
EO%
0,03
-20% -15% -10% -5 % 5% 0% 16 20%
gy Slurry transportation cost
- T 20,0% +
investment |
i - 15,0% .
200% - 10,25
Q18 g s
 f0.0% _ 0% Lt o ot o at ud
50% . 50e® g5 4p «?‘ﬂ 185 BT g |
0.0% ) el Chenge i |
RO L S T T |
Chenge @
9 of 20 '\\_. CARMEN.

Plant size Livesto [Corn  |Invest Profit ROI
ck ment
30 kW, 96 LU |462 370KE |-26 K€ia -
50 kW, 161LU |701t 490 KE |- 19 K€la -
73 kW, 213 LU (969t |590KE |-2 K€la 3.3 %
(39 K€/a cost of
renewables)

LU = livestock unit

10

of 20
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Plant size Livestock |Corn Investment|Profit ROI

30 KW, 39LU+  |303t |340KE |18 K€la .
665 t/a

50 kW, 60 LU + 466t 425 K€ -5 K€la -
1,025 t/a

75 kW, 84 LU+ 648 t 521 KE 13 K€/a 9.1 %
1,429 t/a

LU = fivestock unit

Plant size Livestoc |Investment |Profit  |Return on
k investment

30 kW,, 180 LU + |390 K€ -11 Ké€la

30 kW, wio GPL 460t/a |280 Ke 2:5 K€la

50 kW, 280 LU + |500 K€ 6 K€fa 6:5 %
50 kW, wio GPL B91t/a |357 K€ 23 K€/a 16:8 %
75 kW, 390 LU + |627 KE 30 K€/a 13:5 %
75kW,, wio GPL 962ta 423 KE 53 K€fa 29:0 %
LU = livestock unit (Q)

12 of 20 SAR RN,
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«Economic efficiency is affected particularly by:

—~ Investment
— Substrate cost (transportation cost)
— Methane vyield, electricity yield

« Take operational and plant safety seriously.

» Small-size plants are also subject to
numerous recurrent obligatory inspections

and tests
- @
15 of 20 CARMEMN
» Plants digesting only slurry can be financially s 3
‘ U e
viable Ta——

— Ensure high quality
— Prepare a detailed analysis of the biogas from

the slurry

« Slurry / renewables are hardly viable financially

« Plants digesting solid manure from 50 / 75 kW, can

be financially viable
— Solid manure, in particular, must be available

on long term at calculated prices! 7Y
— Hygiene requirements are p?ESLt?’EQ L
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Thank you very much for your

attention.

Any questions??7?

mg(at)carmen-ev.de

| Begriff Festlegung
Abschraibung auf Basis der zu erwartenden Nutzungsdauer
Anfanghicher Zinssatz 4.0 %

Anlagenbedienung und Teinigung

FMR Leitfaden Biogas 2010
15,00 €/h, bei Fesistoffen: + 10'd

Anschafung Fahrsilcanlage

Annahme; bareits aboaschrigben

Anschaffungskosten fir Behétter und
Rlhmwerke

KIBL Batrichsplanung Landwirtschaft 08/09 mit
ginem Aufschiag von 10%

Auflagen Hygiene

Ausbringkostan GGarmest aus Nichi-
JGS

Annahme: keine zusétziche Anschﬁﬁung bzw. keine
zusdlzichejahrlichebosten
0,00 €m® - mit Dingerwert vemachnet

Ausbringkosten Gamest aus JGS

0,00 €m?, Annahme: muss ohnehin ausgebracht
wierden

Auslequng BHEW

ca. 8.000 Vbhia

Betrachtungszeitraum ein gemittettes Jahr

BH KW Gas-Ottg

Blrgschafiskosten Riickbau Anlage [0 €pa.
 Eigenstromkosten 0,20 €/kwhy

Einspeisung Strom bis 75 KW, in Niederspannungsseita — keing

Anschaffung und keine Transformationsverluste

elekinischer Jahresnutzungsgrad

auf Basis des elektrischen Wirkungsgrad ASUE
BHKW Kenndatan

| Instandhaltung umfasst: Inspelktion, Wartung und Instandsetzung
Kleinbiogasaniage Biogasanlage gemal § 46 EEG 2014
Milchvighgille, spezifischer Anfali 68 I1EVid

Lintarar Hairwert Mathan 8,87 kKhWhim?

ersicherung 0.5 % p.a. von Anschalfung

Werzinsung eingelagertss Material

1,5 % von 50 % des gingelageren Materials .

Wldrmenutaung

In der Grundvariante keine

Flanurrgskosten

4 % der Anschafung

i
%

CARMEMN.

i )
N
CARNMEN.
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Why ,small“ manure based biogas plants?
Low transportability and decentralised origin

Energy potential ca. 15 kW per 100 large cattle units (LCU) indoor; (farge

varfation, depending on kind and category of animals, litter, vield, fodder residues integration)
Single farms in Western Europe typically less than 300 LCU

Even in Germany less than 30% of manure in use for biogas digestion
(mass based)

Special rules in German EEG, one of the rare possibilities for economic
biogas plant realisation in Germany after EEG 2014

Mass-flows without competition; Strong improvements by digestion
(emission reduction, hygiene improvement, nutrient availahility)

Progressive structural change in West Germany:
Repeal of milk quota

> Larger herd sizes on single farms, some in conjunction with
specialization (paging young cattle) and increasing milk yield

>> Autumn cuts and fodder residues are available for biogas production

But: Even after growing, farms in Western Germany (Western Europe?)
are rarely over 200 GV, especially in low mountain

Regions
> 20 - 60 KW from manure

Additional use of energy crops means strong competition for fodder (e.g.
silage maize) in such farms
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VerfUgbare wirtschaftliche Anlagengréen miissen weiter reduziert
werden (auch flr Exportmarkte)

Anpassung an typische Herdengrofen von Zukunftshetrieben

Investment costs
€/Kwel

0000

B0

. ’ Ivesinmen cosis £ ke

OO0 Tt

4000 i

000

LT 150 250 500 TEQ 1y

instalicd cap. Kol

Source: www.for de (Faustzahlen)

General integration of biogas utilization into barn planning (e.g. manure
scrubber instead of slatted floor)

Biogas utilization as a necessary measure for new construction of large
stables?

Optimizing agricultural investment promotion
> biogas production diversifies and secures farm income
Optimize revenues through use of heat in winter

reduce heat requirements of plants, additional use of energy crops only in the winter?
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Typically cost reduction by adaptation to local conditions (for example,
use of manure collection pit, pumps, slurry storage synergies, joint
planning and construction with stable expansion)

Substrate supply usually by pump

With larger proportions of solids (solid manure, 20% energy crops) use of
screw or special pumps for solids integration

[

i T Gasleitung — S —r
| fexiber Gassoeicner | : ,
: | Fermenter | Ubarauf (Garrestlager)

Manure pit of stable | . : ! |
. . |

i 8 |

[ n onr " !

1 [ | s !

] ! |

H

i

I
(Worgrube)

@ DPERE 2014
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Most times gas-tight membranes

Proportion of single-membrane gas storage and solid concrete roofs is
higher in the range of 75 kW - class (cost saving, technical reasons)

Concrete roofs are easier to install on smaller tanks
Often integration of axial stirers in combination with concrete roofs
Easzy thermal insulation
Often release of coverage of digestate storage for cost saving
Elevated ammonia emissions
No gas storage on digestate tank

Redused gas yields, especially with smali retention times

Submersible engine stirrers
Lateral shaft-stirrers with engine outside
Axial stirrers on concrete top

Various lengths of shafts, agitator paddel

sizes and speed
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Slurry digesting plants in practice —

Results of a poll in Baden-Wiirttemberg

Jérg Messner I Ny — Y'Y
Staatliche Biogasberatung = 170 ,,_,,/,’ = o WY
Joerg.Messner@lazbw.bwl.de

Situation in Baden-Wiirttemberg

About 75 biogas plants up to 75 kW have been built in Baden-
Wirttemberg since the beginning of 2012

« Construction:

~ Over 80% with two gas-tight vessels (digester + gas-tight digestion residue
store)

~ Qver 90% based on the traditional plant concept, i.e., with agitated vessel
digesters

~ Only one plant as compact system in a container

+  Plant manufacturer:
~ About 55% general contractor {e.g., Novatech, Seiler, Agrikomp, NQ)

~ About 35% "house builder's scheme” (e.g.. Dyckhoff, Zintl, Rosenheimer
Modell)

» Less than 10% new providers {e.g., Bio4Gas, Dynaheat)

LT
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Poll among owners

« Targets:
~ Development of recommendations for consultation
~ Verification of known calculation approaches
» Increaszed focus on plants under the “hause builder's scheme”

« First data collected in fall of 2014
updated and expanded by a poll in fall of 2015

« Data gathered from 25 plants, all 75 kW rating

3 Messner — Gllleanlagen

Poll among owners

« Procedure

~ Visits to the plants and collection of data from available documents (logs.,
accounting, etc)

~ The assessment was in part based on identical calculation values (AfA
depreciation for wear and tear, interest, maintenance, wages, other
gxpenses)

+ Problems:
» Normally slurry volume and quality are not recorded
~ Cost rates for biomass [ evaluation of "feed remains”

~ Demarcation between farming and biogas plant (digestion residue store,
silage clamp, etc.)

~ In some cases no separate recording of the internal electricity consumption

4 Maessner — Gllleanlagen Hus AP0
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Results of the poll among owners (24 piants)

Cow slurry 22 4,028 t 8,030t
Pig slurry b 526 t 4400t
Solid manure 5 758 t 3,200 t
Grass silage 12 115t 850 t
Corn silage 15 2591t 1,100 t
Cereal whole plants 4 39t 511t
Cereal grains 5 13t 137t
Total quantity/annum 5‘?88 t 8,578t
Substrate quantity/day 159t 23.5t
5 Messner — Gilleanlagen L .JI'& z = E; U./
Results of the poll among owners (25 piants)
- Gilleantell -
1 1004
5%
| sow |
. BL%
i BDm - . . W .. | L . . | | | I
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Results of the poll among owners (25 plants)

Capital investment
= Mean capital investment: 530,000 €
Range from €285,000 to €900,000
«  What was built?
~ Digester: 100% of all plants
~ Construction of a gas-tight store / post-digester: 62%
~ Gas-tight caver an available store; 30%
~ Transformer: 56%
~ Heat pipeline: 71%
» Silage clamp; 24%
~ Other expensive construction {long pipelines, water protection autharity
reguirements): 32%

*  What was the building model?
~ 11 x general contractor (& 8,700 € / KW)
~ 14 x house builder's scheme (@ 5800 € / KW)

g Messner — Gilleanlagen L }E E %:: . '”.J';.f'l.
Results of the poll among owners (25 plants)
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Results of the poll among OWners (25 plants)

; Eigenstrombedarf
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11 Messner — Gllleanlagen i A o = B 1ﬁ§

Results of the poll amang owWners (25 plants)

Anlagenauslastung
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Results of the poll among owners (25 piants)

kalk BEtrlebszwelgergebms {unr 5teuern}
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13 Messner — Giilleanlagen _. " AL=D Yy
Profitability of two selected plants
Anlage A Anlage B
Investitionssumme 285.000 € 624.000 €
Gllleantell 88% 99%
verkaufte Strommenge |kWh 625.000 605.000
Stromerlds 0,25 € 156.250 € 151250 €
Kosten (ohne Biomasse) 63.500 € 87.500 €
Kosten Biomassebereitstellung 33.600 € 5000 €
Gewinn 59.150 € 58.750 €
Critical factors for the profitability of a plant are the capital
investment and the available quantity of slurry / manure
} | . = :» sy
14 Messner — Gllleaniagen L, J-l L£=50 YY




PDF Compressor Free Version

Results of the poll among owners (16 plants)
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What is the present situation for builders of a slurry-
fed biogas plant?
» Present feeding compensation rate (23.53 ct/ kWh) is about 1.5 cent
less in comparison with the poll: about 10,000 €/ year less earnings for
sale of electricity for 75 KW plant
» Capital investments have gone up
« Only plants with a very high proportion of (free) slurry / manure can still
operate at a profit, i.e., at least 250 — 300 GV
« Plants of less than 75 KW are profitable only when feeding on 100%
slurry / manure
* Proposed new regulations of the AwSV [/ DiingeVO (drafts):
~ Operation without biogas: min. 6 months slurry store
~ Operation with biogas: min. 9 months digestion residue store
16 Messner - Galleaniagen I_ _,“_l 1 g ___, A
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Recommended slurry feeding plant concept

« |f possible, two gas-tight vessels (digester + gas-tight store)
=  Dwell time (heated) > 60 days with co-digestion of solid manure /
renewables
> 40 days for slurry-only plants
« Total dwell time (gas-tight) = 150 days (exception: slurry-only plants)
« In addition to the gas-tight store, an open end store for cooling of
digestion residue. Gas-tight store must not be heated!

« Slurry feeding plants with dwell times of distinctly less than 120 days
and without gas-tight digestion residue store can be a cause of
increased methane emission. Up to 50% of the energy goes unused.

« Recommended: Traditional plant concept with agitated vessel digester
and sufficiently long dwell time in the digester (many years of reliable
operation, few cases of disruption, high gas yield)

17 Messner — Gllleanlagen it & > WY

Conclusion

*  The operation of legacy plants is predominantly very good (iried and
tested plant concept)

= The profitability fluctuates very widely but is generally better than
forecast on the basis of calculations

« The profitability depends strongly on the capital invested as well as on
the availability sufficient quantities of slurry or solid manure

« Inview of lower EEG compensation, new projects only recommended
where conditions are optimum.

- Combination with a high cattle population is ideal

« The traditional plant concept has proved viable and is recommended
also for the future

] !
18 Messner — Giilleanlagen L. 3





