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Brewery project

A SLO brewing industry - 2 breweries, each
approx. 100,000,000 L of brew annually.

A The goal in 2006: achieving and surpassing
20% renewable by 2015, several directions:

ASolar photovoltaic, solar thermal,
ABiogas from waste.
A Ongoing project 2006-2015: Biogas
productionfrom brewery waste 1 substitution of
natural gas for processing heat generation.

A Economic sustainability!
A 10 years of research



Starting conditions

A Efficient treatment of brewery wastewater
since 2006 (approx. 400.000 m3 annually).

AUsual No. 10-20 % recovery from wastewater.

A Available waste for biogas production:

AWaste yeast (quantity approx 3000 t (m3) annually),
resolved since 2012, additional 6 % recovery

ASpent brewery grain (quantity 17.000 t annually),
concept confirmed in 2015, potential recovery
additional 50 %

A Conventional management:
_AYeast: drying and-seld-as-a-foodsupplement 1¢/L

ASpent brewery grain: livestock feed 13 /ton




Renewable potential

A Wastewater 0.3-0.4 m3/kg COD
A Waste yeast 0.78 m3/kg dry organic matter
A Spent brewery grains Y 120-130 m3/ton

A Total usable biogas potential:

i 2,600,000-3,500,000 m3 annually

I Methane 1,600,000-2,000,000 m3 annually
A This adds up to 70-80 % renewable
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Brewery wastewater

ABi ot han e 6&%rea&dr forBvEsEewater treatment 750
m3, design load 16 kg.op/m3day, fully operational 2007

A Reactor is hydraulically appropriately loaded and organically
underloaded i average only 4 kg.op/m3day



YEAST research 2008-2012

AYeast is a good substrate (organically):
ACOD 277 g/L

ANo significant additional volume load 0.7
%

A Significant additional COD load 40 i
100%, average 60 %

ABiogas vyield 0.4 7 0.5 m3/kg COD
iIndicates minimum 40 % Increase,
average 60 %

AEnormous dillution i no ammonia problem



Considerations

A Previous research:

A Biogas production from used brewery
yeast (Diplomawork of Christian Herr:
Biogas erzeugung aus Althefe in einer
Breuerei, TU Mlnchen, 1998)

A Conclusion: Solid portion of yeast not
digestable

A Microbiological competition i
anaerobic biomas destruction

A Equipment producer warning:
warranty void If yeast digested



Lab experiments
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Pilot plant experiments

A Pilot experiments
for feasibility
determination

A Mixture of yeast
and wastewater

0,71 2,8 %

Effluent sampling point

A Trials at min. and

Wastewater - ;
influent .
Collection tank Influent sampling point i ACtive Effluent
| Bomass | max COD load

. Volume |

25L

Membrane
pump

A Control i

wastewater only
A Biomass analysis
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Results T pillot experiments

A Control i wastewater only
I COD load 8.13 kg/m3day - COD removal 93.8 %
i Increasing load to 12.2 kg/m3day - COD removal 91.5 %
I Biogas yield 0.330 m3/kg COD

A Wastewater + yeast - low COD load 8.75 kg/m3day
I COD removal 90.4 %
i Biogas yield 0.408 m3/kg

A Wastewater + yeast - high COD load 14.9 kg/m3day
I COD removal 89.9 %
I Biogas yield 0.358 m3/kg

A Absolutely no harmful change in biomass



Full Scale Operation



