


Closed-Loop Biorefinery
Inputs - Outputs and 
Bioreactor Processes

EPL Biorefineries are based on a 
collection of integrated bioreactor 
components that draw inputs from 
the “Resource Bus” and output 
byproducts onto the bus.

The bioreactor types and number of 
bioreactors connected to the bus are 
determined but the volumes of waste 
streams and the output demands



Closed-Loop Biorefinery
Inputs - Outputs and 
Bioreactor Processes

Each of the integrated components 
uses some power and shares 
information about its ‘state’ with the 
other components on the bus.  Some 
components can produce fuel while 
other components consume fuel to 
support their processes or convert 
the fuel into electricity that is 
generally used by all components.




Closed-Loop Biorefinery
Inputs - Outputs and 
Bioreactor Processes

The amount of fuel and power 
consumed by the biorefinery is called 
the “parasitic load”.  Any excess 
power can be used to support local 
operations “behind the meter” or 
added to the grid where permitted. 




Biostimulants and Soil 
Amendments

Foliar Applications 24 Hr Response


Lab results show that 
REGENiGROW™ biostimulants 
contain high amounts of amino acids 
and humic acids that support plant 
respiration and strengthen immunity 
to abiotic and biotic stress.


REGENiGROW™ biostimulants are 
outputs from the ABR and TBR 
bioreactor components.

Before Foliar Application 24 Hours After Application



Biostimulants and Soil 
Amendments

Weekly Root Drench Application


REGENiGROW™ Biostimulants 
contain amino acids such as proline 
that recent research has 
demonstrated can increase a plants 
resistance to biotic and abiotic stress.


These two golden oregano plants sat 
side-by-side during the study.  The 
plant on the left was attacked by 
whiteflies the plant receiving 
REGENiGROW resisted the attack.



Biostimulants and Soil 
Amendments

Weekly Root Drench Application


After two months the plant on the left 
was decimated by the whiteflies.


Further research is needed to 
demonstrate how strengthened plant 
immune systems can significantly 
reduce the need for chemical 
pesticides.



Biostimulants and Soil 
Amendments

Rooting Compounds


Some of the output biostimulants are 
high in amino acids that are 
precursors to plant growth hormones 
(auxins).   This slide shows a 10 day 
response to a stevia cutting rooted in 
REGENiGROW™ compared to a 
cutting rooted in water.




Enhanced Biochar
Biochar is great for boosting soil 
carbon content that helps the soil 
retain moisture.  We use it in raw 
form or enhanced with 
REGENiGROW™ biostimulants to 
accelerate the growth of microbial 
populations in the soil.


Microfine particles of biochar are 
added to the EPL bioreactors to 
increase the production of fuel and 
balance the nitrogen-carbon ratios 
in the production of organic 
biostimulants.




Enhanced Biochar
Biochar is an excellent habitat for 
Arbuscular Mycorrhizal Fungi 
(AMF).  This image shows Hyphae 
from a Mycorrhizal Spore 
penetrating biochar pores.  AMF 
works in symbiosis with plant roots 
to supply nutrients to plants.


The amazing amount of surface 
area of biochar is partly responsible 
for it’s high CEC (Cation Exchange 
Capacity).  The carbon lattice 
structure itself has electrochemical 
properties that attract and hold 
nutrients and minerals that feed soil 
microbes.



Climate-Proofing Soils
Biochar combined with no-til and  
cover crops can greatly increase 
water retention as well as overall 
soil health.


This simple test done near Moab, 
Utah demonstrated how a light 
substrate of enhanced biochar 
improves soil conditions over a 
single summer season.  Once soil 
microbial populations are restored 
they can be maintained by 
occasional application of 
biostimulants.

Increasing soil carbon by 0.4% a year can halt the annual increase in atmospheric CO2



Technology Components and System Behavior

The physical appearance of an 
Earth Power Lodge biorefinery will 
vary from location to location, 
climate to climate.


This model was designed to 
perform well in mild to extreme 
climates with high wind loads.  The 
structure integrates ground source 
cooling and heating into the design 
to complement solar efficiency.




Photobioreactor (PBR)

There are a variety of ways to build 
the PBR foundations.  The simplest 
is the octagonal floating slab. This 
foundation is divided into 8 
separate ‘Raceways’, each tilted 
gradually toward the central core.


The core can hold the contents of 
one raceway. The core is used for 
harvesting and concentrating the 
algal biomass for further 
processing.


An EPL configuration can have one or more PBR components connected to the Resource Bus.



Photobioreactor (PBR) Algal Concentrator

The PBR control system 
determines when a raceway is to 
be harvested.  Approximately 80% 
of the water is recovered during the 
concentration phase.  The 
recovered water is reintroduced 
into the empty raceway to continue 
the cultivation of energy rich algae.


The concentrated biomass is then 
pumped to the first stage of the 
anaerobic bioreactor (ABR) to 
extract the biofuels and create 
nutrient rich biostimulants.


The PBR core can also be used for mixing and blending inoculants as needed to maximize algal growth 



Anaerobic Bioreactors (ABR)

The harvested algae passes 
through a series of bioreactors that 
produce biofuels and biostimulants.  
Each stage contains different types 
of enzymes and naturally occurring 
bacteria that breakdown the algal 
biomass into its basic constituents.


The biofuels can be used to 
generate power directly or be used 
by other EPL components to create 
more fuels for power generation. 


The new EPL designs can incorporate off-the-shelf bioreactors modified to interface with the resource bus.



Anaerobic Bioreactors (ABR)

This ABR schematic shows a 3 
stage system with multiple reactor 
tanks on the third stage.  The 
process is similar to anaerobic 
digestion but additional catalysts 
and inoculants can be injected at 
any stage.


Methane and hydrogen are output 
from the second and third stages. 
These can be redirected into other 
bioreactor components for use in 
other processes including the 
generation of electricity.


The digestate output from the third stage contains bioavailable nutrients and biostimulants



Integrating ABRs and TCRs

This is an EPL configuration that 
uses 2 separate ABR Components 
to process algae and wet organic 
waste from a landfill.


The thermochemical reactor (TCR) 
in this diagram can consume waste 
fuels that are extracted from the 
landfill gas or the methane 
produced by the ABRs to process 
cellulosic biomass.  The clean 
biofuels output from the TCR can 
be used for power generation.


This configuration outputs two separate fertilizer streams, one is for certified organics use.



Thermochemical Reactors (TCRs) aka The Dragon

The TCR is the component that 
produces biochar and the majority 
of the fuels for power generation.


The main input of the TCR is 
cellulosic biomass which can be 
anything from wood chips to wheat 
straw, nutshells, hemp straw, …  


The effluent from the TCR is used 
to feed the algae that grows in the 
PBR.  

This is an image of a pyrolysis device that was designed for AACT.  TCRs from other 
manufacturers can be adapted to an EPL configuration.



Thermochemical Reactors (TCRs) aka The Dragon
The amount of power that can be 
generated by the TCR is dependent on 
the energy content of the inputs.  Most 
dry biomass contains about the same 
number of BTUs per ton.


Unlocking the fuels and separating 
them from other useful organic 
compounds is what makes the TCR 
unique compared to other pyrolysis 
devices.


You can think of the TCR as a mini-
biorefinery in itself but when integrated 
with other key components the value of 
the outputs are compounded.




TCR Feedstocks

Slash




TCR Feedstocks

Kiawe




TCR Feedstocks

Albizia 




TCR Feedstocks

Eucalyptus 




TCR Feedstocks

Paulownia 




TCR Feedstocks

Cane Grass




TCR Feedstocks

African Tulip Tree




TCR Feedstocks

Nut Shells




TCR Inputs-Outputs

A small scale TCR rated at 1/4 ton per 
hour of cellulosic biomass input will 
typically output:


• 100 lb. Premium Grade Biochar

• 250 KW Power

• 4-5 Gal Organic Compounds


Multiple TCRs can run in parallel to 
process more waste or produce more 
power.


Organic
Agricultural
Compounds

Syngas
Bio-oils

Cellulosic
Biomass

Biochar



EPL Economics Simplified
Electricity 
6MWH - $0.12 / KWH  
$720 / day

Carbon 
Sequestration 
6 Tons - $15 / Ton 
$90 / day

Enhanced Biochar 
1.2 ton- $0.50 / lb 
$1,200 / day

Biostimulants 
1000 US Quarts - $10 / Quart 
$10000 / day
_________________ 
   $12,010 / day 

> $4.3 Million Annual 
gross revenue Based on 6 Ton/Day System



Project Execution
1

2

3

4

5

6

Planning 

Geotechnical 
Construction Drawings 
Site Planning

Permitting

Ground Preparation

Substructure Installation 
Earthtubes, footings, Radiant Floor 
Systems, Concentrator Core, 
Raceways

Superstructure Installation 
Framework 
Structural Insulated Panels 
Glazing 
Cladding 
Finishing

Installation

Component Installation 
ABR, PBR, TCR 
Control System (NSE)

Controls 

Natural 
Solutions 
Engine 

Circuit Fabrication

Process Components 

Anaerobic Bioreactor (ABR) 
Photobioreactor (PBR) 
Thermochemical Reactor 
(TCR) 

Algal Concentrator 
Cupola Condensers 
Heat Exchangers

Structural Components 

Framework 
Structural Insulated Panels

Month

Construction
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REGENiTECH Fund Corp.


PO Box 1526

Whitefish, MT 58837


Contact:  info@regenitech.com

mailto:info@regenitech.com

