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DŽĚĞůŝŶŐ��ŶĂĞƌŽďŝĐ��ŝŐĞƐƟŽŶ 
�����ĂƐĞĚ��ŵŵŽŶŝĂ�WƌŽĚƵĐƟŽŶ 

Although in its early stages, anaerobic digestion (AD) is currently being explored as a renewable energy 
source in Minnesota.  Anaerobic digestion is the biological breakdown of manures and other materials into 
flammable gases which can be used for electric generation, heat, or as chemical feedstocks in industry. 
Often referred to as biogas, this gas can be purified to industrial quality and injected into natural gas 
pipelines. It contains energy-rich methane, hydrogen, and carbon monoxide, which are each gases that can 
be used as building blocks for other chemicals.  With an abundant supply of animal manures and crop 
residue biomass in the state, anaerobic digestion has a potential to supply Minnesota with a significant 
amount of renewable energy for different uses. 

One potential use for this biogas is the production of anhydrous ammonia. Conventional ammonia 
production uses natural gas captured during oil production to produce anhydrous ammonia. Using methane 
from the natural gas in a process called steam methane reforming, the energy in the methane molecules is 
used to bond nitrogen molecules from the air with hydrogen molecules from the methane.  This is typically 
done in huge industrial scale facilities located near oil fields.  However, this same technology can be used 
at a smaller scale with biogas. A diagram of how this could work is on the following page. 

Because Minnesota has no fossil fuel resources, it imports hundreds of millions of dollars’ worth of 
anhydrous ammonia based fertilizers each year.  This research examined how a dairy-based biogas to 
ammonia plant might be designed and operate.� 
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WƌŽĚƵĐƟŽŶ͘��dŚĞ�ĨĞĞĚƐƚŽĐŬƐ�
ƵƐĞĚ�ĨŽƌ�ĂŵŵŽŶŝĂ�ƉƌŽĚƵĐƟŽŶ�
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�ĂƐĞĚ�ŽŶ�Ă�ƚǁĞŶƚǇ�ǇĞĂƌ�ůŝĨĞƐƉĂŶ͕�ƉĂǇďĂĐŬ�ƉůĂŶƚ�ĐŽƐƚƐ�ǁŽƵůĚ�ďĞ�Ψϭ͘ϳ�DŝůůŝŽŶ�ƉĞƌ�ǇĞĂƌ͘��/ƚ�ŝƐ�ŚĂƌĚ�ƚŽ�
ĞƐƟŵĂƚĞ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�ĐŽƐƚ�ŝŶ�ƌĞƉĂŝƌƐ�ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ͕�ďƵƚ�ŝƚ�ǁŽƵůĚ�ďĞ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ƉĂƌƚ�ŽĨ�ƚŚĞ�
ĞĐŽŶŽŵŝĐƐ͘��^ŬŝůůĞĚ�ůĂďŽƌ�ǁŽƵůĚ�ĂůƐŽ�ďĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ŽƉĞƌĂƚĞ�Ă�ĐŽŵƉůĞǆ͕�ŚŝŐŚ�ƉƌĞƐƐƵƌĞ͕�ŚŝŐŚ�
ƚĞŵƉĞƌĂƚƵƌĞ�ĂŵŵŽŶŝĂ�ƉƌŽĚƵĐƟŽŶ�ƐǇƐƚĞŵ͘��'ĞŶĞƌĂů�ĨĂƌŵ�ůĂďŽƌ�ǁŽƵůĚ�ďĞ�ŶĞĞĚĞĚ�ĨŽƌ�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�
ĚŝŐĞƐƚĂƚĞ͘�� 

&ĞĞĚƐƚŽĐŬ��ŽƐƚƐ 
dŚĞ�ĐŽƐƚ�ŽĨ�ĐŽƌŶ�ƐƚŽǀĞƌ�ďŝŽŵĂƐƐ�ĚĞůŝǀĞƌĞĚ�ƚŽ�Ă�ĐĞŶƚƌĂů�ůŽĐĂƟŽŶ�ǁŽƵůĚ�ůŝŬĞůǇ�ďĞ�ďĞƚǁĞĞŶ�ΨϱϬ�ĂŶĚ�ΨϵϬ�
ƉĞƌ�ƚŽŶ͘��/Ĩ��ΨϲϬ�ƉĞƌ�ƚŽŶ�ŝƐ�ƵƐĞĚ�ĨŽƌ�ƚŚŝƐ�ŵŽĚĞů͕�ƚŚĞ�ǇĞĂƌůǇ�ďŝŽŵĂƐƐ�ĐŽƐƚ�ǁŽƵůĚ�ďĞ��Ψϳ͕ϳϬϬ͕ϬϬϬ�ƉĞƌ�ǇĞĂƌ 

/ŶĐŽŵĞ 

�ŵŵŽŶŝĂ� 
dŚĞ�ĨĂĐŝůŝƚǇ�ŝƐ�ĞǆƉĞĐƚĞĚ�ƚŽ�ƉƌŽĚƵĐĞ�ĂďŽƵƚ�Ϯϭ͕ϬϬϬ�ƚŽŶƐ�ƉĞƌ�ǇĞĂƌ�;Ϯ͘ϳ�ƚŽŶƐ�ƉĞƌ�ŚŽƵƌͿ͘���ƚ�ΨϲϬϬ�Ă�ƚŽŶ͕�dŚĞ�
ǀĂůƵĞ�ŽĨ�ƚŚĞ�ĂŵŵŽŶŝĂ�ŝƐ�ΨϭϮ͕ϲϬϬ͕ϬϬϬ�ƉĞƌ�ǇĞĂƌ͘ 

WŽƚĞŶƟĂů�DŽĚĞůƐ�ĨŽƌ�KƌŐĂŶŝǌŝŶŐ�ƚŚĞ��ƵƐŝŶĞƐƐ 

�ĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ƐŝƚƵĂƟŽŶ͕��Ă�ŶƵŵďĞƌ�ŽĨ��ƉŽƚĞŶƟĂů�ŵŽĚĞůƐ�ĨŽƌ�ƚŚĞ�ďƵƐŝŶĞƐƐ�ƐƚƌƵĐƚƵƌĞ�ĐŽƵůĚ�ďĞ�ƵƐĞĚ͘��&Žƌ�
ĞǆĂŵƉůĞ͕�Ă�ŽŶĞ�ŽƌŐĂŶŝǌĂƟŽŶ�ƐƚƌƵĐƚƵƌĞ�ǁŚĞƌĞ�ŽŶĞ�ďƵƐŝŶĞƐƐ�ĚŽĞƐ�ŝƚ�Ăůů�;�ĂŝƌǇ-�ŝŽŵĂƐƐ-��ͬ�ŵŵŽŶŝĂ–�ŝŐĞƐƚĂƚĞ�
,ĂŶĚůŝŶŐͿ͘��Kƌ�Ă��ĚŝǀŝĚĞĚ�ŵŽĚĞů�ǁŚĞƌĞ�Ă�ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ŐƌŽƵƉƐ�;�ĂŝƌǇ͕��ŝŽŵĂƐƐ-��ŝŐĞƐƚĂƚĞ͕���ͬ�ŵŵŽŶŝĂͿ�ĂƌĞ�
Ăůů�ƐĞƉĂƌĂƚĞ͘ 

  �ŶĂĞƌŽďŝĐ�ĚŝŐĞƐƚĞƌ 

�ĂƐĞ�ŵŽĚƵůĞ�ĐŽƐƚ Ψϭϴ͕ϬϬϬ͕ϬϬϬ 

�ŽŶƟŶŐĞŶĐǇ Ψϯ͕ϬϬϬ͕ϬϬϬ 

dŽƚĂů�ŵŽĚƵůĞ�ĐŽƐƚ ΨϮϭ͕ϬϬϬ͕ϬϬϬ 

dŽƚĂů�ƉůĂŶƚ�ĐŽƐƚ ΨϮϲ͕ϬϬϬ͕ϬϬϬ 

�ƵǆŝůŝĂƌǇ Ψϳ͕ϴϬϬ͕ϬϬϬ 

�ĞƉƌĞĐŝĂƟŽŶ ϭϱ 

/ŶƚĞƌĞƐƚ�ƌĂƚĞ ϭϬй 

dŽƚĂů�ŝŶǀĞƐƚŵĞŶƚ Ψϯϰ͕ϬϬϬ͕ϬϬϬ 
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'ĞŶĞƌĂů�YƵĞƐƟŽŶƐ 

tŚĂƚ�ůĞǀĞů�ŽĨ�ŶĞĞĚ�ĚŽ�ǇŽƵ�ƐĞĞ�ĨŽƌ�ŚĂǀŝŶŐ�ůŽĐĂů�ŶŝƚƌŽŐĞŶ�ĨĞƌƟůŝǌĞƌ�ƉƌŽĚƵĐƟŽŶ͍���ƵƌƌĞŶƚůǇ͍��&ƵƚƵƌĞ͍ 

/Ɛ�ƚŚĞ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ŝŵƉĂĐƚ�ŽĨ�ƚŚĞ�ĨĞƌƟůŝǌĞƌ�ƵƐĞĚ�ŝŶ�ĂŐƌŝĐƵůƚƵƌĞ�ŝŵƉŽƌƚĂŶƚ͍�� 
;EŝƚƌŽŐĞŶ�ĨĞƌƟůŝǌĞƌ�ŝƐ�ƌŽƵŐŚůǇ�ϯϱй�ŽĨ�ŐƌĞĞŶŚŽƵƐĞ�ŐĂƐ�ĨŽŽƚƉƌŝŶƚ�ŽĨ�ĐŽƌŶͿ 

 

�Ž�ƚŚĞ�ŵŽĚĞů�ĂƐƐƵŵƉƟŽŶƐ�ůŽŽŬ�ǀĂůŝĚ͍ 

�ĂŝƌǇ�ƐǇƐƚĞŵ͍ 

�ŝŽŵĂƐƐ͍��ďŝůŝƚǇ�ƚŽ�ĐŽŶƚƌĂĐƚ�ďŝŽŵĂƐƐ�ŚĂƌǀĞƐƟŶŐ͍ 

�ŝŐĞƐƚĂƚĞ�ǁĂƐƚĞ͍�>ĂŶĚ�ƚŽ�ĂƉƉůǇ�ĚŝŐĞƐƚĂƚĞ�ŽŶ͍ 

 

�ĐŽŶŽŵŝĐƐ 

,Žǁ�ŵƵĐŚ�ůĂďŽƌ�Žƌ�ĂĚĚĞĚ�ǁŽƌŬĞƌƐ�ǁŽƵůĚ�ƚŚŝƐ�ƚǇƉĞ�ŽĨ�ĨĂĐŝůŝƚǇ�ƌĞƋƵŝƌĞ͍ 

tŽƵůĚ��ŚŝƌŝŶŐ�ůĂďŽƌ�ďĞ�Ă�ďĞŶĞĮƚ�ƚŽ�ƚŚĞ�ƉƌŽũĞĐƚ͕�Žƌ�Ă�ƉƌŽďůĞŵ͍ 
;ŵŽƐƚůǇ�ůĂďŽƌ�ĨŽƌ�ďŝŽŵĂƐƐ�ŚĂƌǀĞƐƟŶŐ�ĂŶĚ�ĚŝŐĞƐƚĂƚĞ�ĂƉƉůŝĐĂƟŽŶͿ 

tŚĂƚ�ƐŽƌƚ�ŽĨ�ƌĞƚƵƌŶ�ŽŶ�ŝŶǀĞƐƚŵĞŶƚ�ǁŽƵůĚ�ďĞ�ĞǆƉĞĐƚĞĚ͍͘ 

 

/ŶƚĞƌĞƐƚ�ďǇ�ĨĂƌŵĞƌƐ�ĂŶĚͬŽƌ�ĐŽŽƉ�ŵĞŵďĞƌƐ 

tŝůů�ĨĂƌŵĞƌƐͬŽǁŶĞƌƐ�ďĞ�ŝŶƚĞƌĞƐƚĞĚ�ŝŶ�ĂĚŽƉƟŶŐ�ƚŚĞ�ƚĞĐŚŶŽůŽŐǇ͍ 

 tŽƵůĚ�ƚŚĞ�ĐŽŵƉůĞǆŝƚǇ�ŽĨ�ƚŚĞ�ƚĞĐŚŶŽůŽŐǇ�ĚĞƚĞƌ�ĨƌŽŵ�ŝŶǀĞƐƟŶŐ�ŝŶ�ƚŚĞ�ƚĞĐŚŶŽůŽŐŝĞƐ͍� 

&ƵŶĚŝŶŐ�ĨŽƌ�ƚŚŝƐ�ƉƌŽũĞĐƚ�ǁĂƐ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�DŝŶŶĞƐŽƚĂ��ŶǀŝƌŽŶŵĞŶƚ�ĂŶĚ�EĂƚƵƌĂů�ZĞƐŽƵƌĐĞƐ�dƌƵƐƚ�&ƵŶĚ�ĂƐ�ƌĞĐͲ
ŽŵŵĞŶĚĞĚ�ďǇ�ƚŚĞ�>ĞŐŝƐůĂƟǀĞ�Ͳ��ŝƟǌĞŶ��ŽŵŵŝƐƐŝŽŶ�ŽŶ�DŝŶŶĞƐŽƚĂ�ZĞƐŽƵƌĐĞƐ�;>��DZͿ���ƵƌƌĞŶƚůǇ�ϰϬй�ŽĨ�ŶĞƚ�DŝŶͲ
ŶĞƐŽƚĂ�^ƚĂƚĞ�>ŽƩĞƌǇ�ƉƌŽĐĞĞĚƐ�ĂƌĞ�ĚĞĚŝĐĂƚĞĚ�ƚŽ�ŐƌŽǁŝŶŐ�ƚŚĞ�dƌƵƐƚ�&ƵŶĚ�ĂŶĚ�ĞŶƐƵƌŝŶŐ�ĨƵƚƵƌĞ�ďĞŶĞĮƚƐ�ĨŽƌ�DŝŶŶĞͲ
ƐŽƚĂ͛Ɛ�ĞŶǀŝƌŽŶŵĞŶƚ�ĂŶĚ�ŶĂƚƵƌĂů�ƌĞƐŽƵƌĐĞƐ͘� 


