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A Biorefinery System ( BIOSYS ) that effectively treats all 
human activity - derived waste ( black water , grey water , and 
food waste streams ) using biological systems and that pro 
duces as process by - products : recovered potable water , 
liberated free oxygen , edible protein cake ( with and without 
lipids ) , soil amendments , and machinery lube oils . Addi 
tionally , the system captures and chemically binds carbon 
dioxide into microbial cells and associated by - products , thus 
producing recovered usable returned cabin air . 
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FIGURE 1 
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BIOREFINERY METHOD AND SYSTEM FOR 
ISOLATED ENVIRONMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to U.S. application 
Ser . No. 16 / 600,619 entitled “ Biorefinery Method and Sys 
tem for Isolate Environments ” , filed Oct. 14 , 2019 , and U.S. 
application Ser . No. 15 / 828,809 entitled “ Biorefinery 
Method and System for Isolate Environments ” , filed Dec. 1 , 
2017 , which claims priority to U.S. Provisional Application 
No. 62 / 428,693 entitled “ Space - Based Biochemical Conver 
sion System , ” filed Dec. 1 , 2016 . 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[ 0002 ] Not Applicable . 

REFERENCE TO A “ SEQUENCE LISTING , ” A 
TABLE , OR A COMPUTER PROGRAM 

[ 0003 ] Not Applicable . 

DESCRIPTION OF THE DRAWINGS 

[ 0004 ] The drawings constitute a part of this specification 
and include exemplary embodiments of the Biorefinery 
Method and System for Isolated Environments , which may 
be embodied in various forms . It is to be understood that in 
some instances , various aspects of the invention may be 
shown exaggerated or enlarged to facilitate an understanding 
of the invention . Therefore , the drawings may not be to 
scale . 
[ 0005 ] FIG . 1 is a flow diagram of an embodiment of the 
Biorefinery Method and System for Isolated Environments 
that includes an aerobic biotreatment step . 
[ 0006 ] FIG . 2 is a flow diagram of an embodiment of the 
Biorefinery Method and System for Isolated Environments 
that excludes the aerobic biotreatment tem to conserve 
oxygen use and uses a solid - liquid separator . 

submarines ) systems . In fact , any isolated environment 
meant to support human life requires conservation of car 
bon , oxygen , hydrogen , etc. 
[ 0010 ] Equally as problematic is the generation of waste in 
these isolated environments . Key waste streams include ( 1 ) 
Black Water ( toilet - derived : feces , urine , associated paper , 
and water ) ; ( 2 ) Food Wastes ( kitchen and cafeteria derived 
with some water generation ) ; and , ( 3 ) Grey Water ( hygiene 
water : primarily water , with some soap and solids , generated 
from sinks and showers ) . 
[ 0011 ] Gathering waste and dwindling life line resources 
inhibit human ability to live among the cosmos as well as in 
other isolated environments . The technology used to recover 
these resources must operate as a compact , low weight 
design with minimal energy and oxygen consumption 
( " footprints ” ) . The systems must be low maintenance and 
simple to operate while maintain high efficiency , recovering 
a relatively high percentage of the life support resource 
chemicals for recycle . The ideal system will also be flexible 
and contain built in failsafe mechanisms that can adjust as 
events occur yet maintain operational capacity . No such 
system exists thus far . 
[ 0012 ] To combat the lack of efficient and effective con 
version systems , a Biorefinery System ( “ BIOSYS ” ) and 
method is described herein that effectively treats all human 
activity - derived waste ( black water , grey water , and food 
waste streams ) using biological systems and produces useful 
process products . 
[ 0013 ] In one exemplary embodiment , depicted in the flow 
chart of FIG . 1 , an aerobic biotreatment step , among other 
unit processes , produces lipid - enriched biomass . This 
embodiment requires a form of oxygen input but results in 
the treatment of the chemical oxygen demand ( " COD ” ) 
within the water influents to essentially zero concentrations . 
That is , almost all of the COD is converted to value - added 
chemicals , except for a small residual to be captured on the 
granular activated carbon ( “ GAC ” ) polishing stage . A series 
of other products are also produced , comprising : ( 1 ) hydro 
gen , ( 2 ) methane , ( 3 ) Recovered Air ( containing low CO , 
levels ) to be recycled back into the cabin environment , ( 4 ) 
Lipids , ( 5 ) Protein Cake ( with and without lipids ) , ( 6 ) Soil 
Amendments , and , ( 7 ) Recovered Water to be reused again 
as potable water . 
[ 0014 ] To reduce the energy , oxygen , and physical foot 
print of the BIOSYS , FIG . 2 depicts an embodiment of the 
invention that eliminates the aerobic step . This embodiment 
eliminates the need for any oxygen input at the expense of 
extent of lipid mass production . This embodiment also 
reduces system complexity . 
[ 0015 ] With all embodiments , recovered water and recov 
ered air are produced along with several valuable , life and 
isolated environment sustaining co - products , such as hydro 
gen , methane , protein , and lube oils . 

BACKGROUND 

[ 0007 ] The 21st century has piloted dramatic shifts in the 
space industry . Governmental space programs and private 
industry is leading the way towards life among the cosmos . 
Astronauts spend months on the International Space Station 
orbiting the earth . Colonies on the Moon and Mars are no 
longer science fiction and will soon be commonplace . 
[ 0008 ] For current and future space residents , water and 
oxygen are scarce , irreplaceable commodities . Based on 
current scientific knowledge , water and oxygen cannot be 
produced in the geochemical and atmospheric systems of 
other celestial bodies . Therefore , to sustain human life 
outside of Earth's atmosphere , recovery of carbon , oxygen , 
hydrogen , and associated microchemicals is needed to 
reduce the frequency of expensive make - up deliveries of 
these life - supporting chemicals . Consequently , these two 
key resources must be conserved and recycled as much as 
possible . 
[ 0009 ] Similarly , conservation and re - use of vital elements 
is important to human - inhabited underground ( sub - terrain 
safety bunkers , storage facilities , etc. ) and subsea ( e.g. , 

DETAILED DESCRIPTION 

[ 0016 ] The current invention is a Biorefinery Method and 
System for Isolated Environments that effectively treats all 
human activity - derived waste while reoxygenating used 
cabin air and eliminating any built - up carbon dioxide . The 
Biorefinery System ( “ BIOSYS " ) creates process - by - prod 
ucts comprising : recovered potable water , liberated free 
oxygen , edible protein cake ( with and without lipids ) , soil 
amendments , and machinery lube oils . Additionally , the 
BIOSYS captures and chemically binds carbon dioxide into 
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microbial cells and associated by - products , thereby produc 
ing recovered usable returned cabin air . 
[ 0017 ] FIG . 1 depicts an exemplary embodiment of the 
BIOSYS . Influent for the system comprise black water 
( sewage ) , grey water ( sinks , showers , etc. ) , and food waste . 
The embodiment comprises 5 Steps : anaerobic digestion , 
aerobic biotreatment , lipid extraction and processing , algal 
reactor processing , and advanced adsorption polishing . 
[ 0018 ] In Step 1 anaerobic bacteria metabolically break 
down or decompose the chemical oxygen demand ( " COD ” ) 
of the influents . In one embodiment , the bacteria comprise 
developed bacteria and mixed consortium of wild species . In 
other embodiments , the bacteria species may vary , so long as 
the collective is capable of breaking down the COD of the 
influent by at least 80 % . Other elements , such as ammo 
nium , phosphate , iron , cobalt , or some combination thereof 
may be integrated with the bacteria as nutrients . In one or 
more embodiments , the bacteria are housed in a capped , 
fixed tank as known in the art . The amount of bacteria and 
size of the tank depend on the number of humans living in 
the isolated environment and the estimated amount of waste 
produced by human life activities . 
[ 0019 ] By metabolizing the COD , the bacteria produce 
hydrogen and methane . These products may be used to , inter 
alia , power fuel cells used for the BIOSYS or other pro 
cesses within the isolated environment . Additionally meth 
ane may be fed into the aerobic bioreactor of the next step 
as supplementary feedstock . The methane can then be con 
verted into additional protein and lipids via methanotrophic 
conversion . 
[ 0020 ] In one or more embodiments , total hydrogen , that 
is , no methane production is desired . The more efficient the 
metabolic process , the more hydrogen that will be produced 
and the less methane . The amount of hydrogen produced can 
be altered by additions of feedstock , varying the operational 
conditions such as retention time , pH , etc. , and applying 
pre - treatment methods as known in the art . 
[ 0021 ] In addition to the hydrogen and methane , metabo 
lizing COD produces liquid and solid effluents . The liquid 
effluents comprise simple organic acids ( acetic , lactic , and 
proprionic acids ) and untreated - residual , soluble COD . The 
solid effluents comprise biosolids and other solids not 
digested by the anaerobic bacteria . The liquid and solid 
effluents are depicted in FIG . 1 as two separate phase 
streams for clarity . In practice , the liquids and solid effluents 
are produced as a slurry which is then used as feedstock for 
Step 2. Both are possible and usable within the BIOSYS . 
[ 0022 ] As depicted in FIG . 1 , Step 2 - aerobic biotreat 
ment directs the simple organic acids produced in Step 1 , 
along with the residual OD , into a second holding tank 
with aerobic bacteria . The simple organic acids , COD , and 
aerobic bacteria in the tank convert the organic fraction of 
the effluents into high lipid content microbial solids ( bacteria 
cells ) . In later steps , the cells may be delipified to produce 
both a nutraceutical and lube oil or the lipified cake may be 
used as a protein source or as a soil fertility amendment . 
[ 0023 ] In one or more embodiments any unwanted , non 
lipid containing solids that remain after the aerobic biotreat 
ment may be recycled . In this embodiment , the superfluous 
solids are used as additional feedstock for the anaerobic 
digestion of Step 1 . 
[ 0024 ] FIG . 2 depicts another embodiment of the BIOSYS 
wherein Step 2 is eliminated . This allows for a reduced 
energy , oxygen , and physical footprint of the system . In this 

embodiment , the liquid and solid effluent slurry is fed 
directly into Step 3 , which comprises a separation process . 
In one embodiment , the separation process is performed 
using a centrifuge . In other embodiments , a settler designed 
to remove particulates from liquids is used . For example , a 
lamella clarifier or other clarifier as known in the art is used . 
The digested solid effluents are removed from the system 
while the liquid - phase and gaseous effluents are used as 
feedstock for Step 5. In one embodiment , the digested solids 
are used as a soil amendment . In one or more embodiments , 
any unwanted solids that are not digested and used for 
positive purposes , may be fed back into the anaerobic 
digestion Step 1 as additional feedstock . 
[ 0025 ] In both the embodiment depicted in FIG . 1 ( after 
Step 2 ) and the embodiment depicted in FIG . 2 ( after Step 
3 ) , the liquid - phase effluents , which comprise residential 
COD and macronutrients and the gaseous - phase effluents , 
which comprise CO2 ( for the FIG . 1 embodiment only ) and 
inputted cabin air are fed into a growth algal reactor . The 
growth algal reactor step is labeled as Step 5 in FIGS . 1 and 
2 and acts simultaneously with Step 4. The growth algal 
reactor ( “ aerobic bioreactor " ) of Step 5 uses a tank which 
houses a culture of green algae within an immobilized , 
attached medium or “ turf ” matrix . Any known green algae 
will perform the desired function . Additionally , sunlight is 
provided to the reactor directly or via supplied fiber - optics . 
[ 0026 ] Within the reactor , the algae remove the nutrients 
( nitrogen and phosphate ) from the aerobic bioreactor efflu 
ents . Much of the remaining COD is polished off within the 
liquid - phase effluents . The algae also scrub carbon dioxide 
from the gaseous effluents to produce oxygen - enriched , 
purified cabin air . Whole cells algae are a product of this 
process and are used as feedstock in the lipid extraction 
process of Step 4 described below . In other embodiments , 
bacterial cells produced in the reactor is also extracted and 
used as feedstock . Finally , a high quality protein cake will be 
produced from harvesting lipids and protein ( cell constitu 
ents ) from algae whole cells or bacteria whole cells or a 
combination of algae and bacteria whole cells . The lipid can 
be kept in the algae cake ( whole cake ) or the cake may be 
delipified to recovery lipids . A small biomass content of 
heterotrophic bacteria is expected to be present in the algae 
bed to be used to polish any residual organics and nutrients 
in Step 6 . 
[ 0027 ] Simultaneous with Step 5 is the lipid extraction 
process of Step 4. In this step , the microbial solids of Step 
2 along with produced whole cells from Step 5 are treated to 
extract lipids . In one embodiment , the extraction process is 
performed using carbon dioxide supercritical extraction as 
known in the art . In other embodiments , mechanical extrac 
tion — such as pressing is performed , which eliminates the 
use of chemicals during the extraction process . In yet 
another embodiment , organic fluid extraction is used . 
Organic fluid extraction comprises lysing algae or bacterial 
cells with a solvent such as hexane or with alcohols and 
extracting lipids . In this embodiment , the solvents may be 
recovered and reused . In one embodiment , the lipids 
extracted are used as a nutraceutical amendment for humans 
and / or animals . In other embodiments , the lipids extracted 
may be used as machinery lube oil . In other embodiments , 
the extracted lipids are used for other useful purposes . 
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[ 0028 ] In one or more embodiments , any post - lipid extrac 
tion solids are recycled . These solids are fed back into the 
anaerobic digestion step to be used as further feedstock for 
the anaerobic algae . 
[ 0029 ] The final Step 6 is an advanced adsorption polish 
ing process that removes any residual chemicals , such as 
nitrogen compounds , metals , and inorganics , from the Step 
5 growth algal reactor liquid - phase , aqueous effluents , 
thereby producing potable water . Step 6 is performed using 

innovative functionalized mesoporous adsorbent 
( “ FMS ” ) bed that is thermally regenerated using electrical 
power . In one or more embodiments , ordered mesoporous 
carbon ( " OMC ” ) is used . The OMC may be prepared using 
synthesized COK - 19 , a silica host , per industry procedures . 
[ 0030 ] In one or more embodiments , the FMS is modified 
to increase the adsorption capacity . For example , metal 
nanoparticles are applied onto the surface of the OMC . 
Additionally , the interaction between f - orbitals of Lantha 
nides and different functional groups can assist the forma 
tion of complexes with organic compounds . In one embodi 
ment , Cerium ( III ) chloride is used to modify the FMS . In 
other embodiments , the FMS is doped with silver nanopar 
ticles and iodine that act as disinfectants to remove any 
microbes from the liquid - phase effluents . 
[ 0031 ] In one or more embodiments , a UV disinfection 
system is used in conjunction with the FMS . The inline , 
flow - through reactor system provides another layer of clean 
ing the water for potable use . 

[ 0032 ] In one more embodiments , the system is 
equipped with a failsafe mechanism . For example , an 
adsorption system comprising a column packed with an 
adsorption capable of adsorbing pollutants and other chemi 
cals of concern may be used . In one or more embodiments , 
the adsorption is activated carbon ; however , any synthetic 
materials with the capacity to adsorb pollutants and other 
chemicals of concern may be used . This failsafe mechanism 
prevents any harmful pollutants or chemicals from escaping 
the BIOSYS into the isolated system . 

1. A biorefinery system that metabolically decomposes the 
chemical oxygen demand of waste to produce solid effluents 
and liquid effluents and subsequently biotreats said solid 
effluents and liquid effluents to produce value added prod 
ucts ; wherein said value added products comprise potable 
water , protein cake , and soil amendments . 

2. The system of claim 1 wherein said system further 
captures and chemically binds carbon dioxide into microbial 
cells to produce cabin air . 

3. A system for treating human - derived waste and cap 
turing value - added chemicals in an isolated environment 
comprising a series of biological processes wherein said 
series of biological process results in the chemical oxygen 
demand of said waste being zero concentration . 

4. The system of claim 3 wherein said isolated environ 
ment is that which exists within an aerospace vehicle or 
aerospace living quarters . 


