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EMISSIONS SAFE INC. MISSION STATEMENT
Emissions Safe engages with scientific and engineering institutions to research methodologies to
bring about waste-to-product system emissions and effluents that are safe for the environment
and human health  while  simultaneously  growing the bioeconomy and helping  to  establish a
circular carbon economy. Research will begin with pyrolysis systems facilitating treatment for
safe  emissions  and  effluents,  while  processing  various  feedstocks  (e.g.,  ag  wastes,  forestry
wastes,  MSW, and  plastic  wastes).  Through the  involvement  of  experts  in  a  wide  range of
applicable scientific,  engineering,  and finance disciplines,  Emissions Safe will  create  optimal
waste-to-product system solutions for government, industry, and communities through public-
private partnerships with special focus on addressing the environmental challenges present in
historically underserved communities. Intended benefits include reduced GHG emissions, carbon
sequestration,  renewable  energy,  landfill/brownfield  remediation  affecting  discriminated
populaces, wildfire risk reductions, and economic development for disadvantaged communities.
Findings will be shared broadly via publication for and consultation to the interested public.

For  its  inaugural  effort,  Emissions  Safe  will  assist  a  research  and  development  program
involving the Guidiville Rancheria of Ukiah, a federally-recognized Native American tribe (GR
Tribe),  Lawrence Berkeley National Laboratory (LBNL), Rutgers’ Department of Systems &
Industrial  Engineering  (Rutgers),  and TRIO Renewable Gas Inc.  (TRIO),  which have joined
together to create an economically sustainable waste-to-value solution to wildfire risk mitigation
challenges.

INTRODUCTION AND PROBLEM STATEMENT
California faces unprecedented risks and challenges due to wildfires that occur across the state.
In 2020 alone, it has been reported that California suffered ~$400 billion in damages and the
firefighting efforts cost the California fire department ~$1 billion. Both of these costs are new

records for the state.  One of the
biggest  reasons  for  these  cost
increases is that fires are getting
bigger  and  more  frequent.  For
comparison,  in  2017,  the
average  size  of  a  wildfire  was
almost  175  acres.  The  prior
record, set in 2015, was slightly
more  than  140  acres.  Before
2005, fires burned less than 100
acres.  The  risk  of  wildfires  is
expected  to  increase  over  the
near-  and  long-term  due  to  a
combination of factors including
rising  temperatures,  shorter
winters, more pests, and drought

(1). In terms of GHG emissions, it has been estimated that the 2020 wildfire season in California
released emissions equivalent to roughly 78 million tons of carbon dioxide, or about 17 percent
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Figure 1.  A massive smoke plume, powered by strong
winds, rises above the Woolsey Fire (source: BBC News,
November 2018).
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of all California GHG emissions for that year. This is equal to the annual emissions produced by
generating enough electricity to power the entire state for a year.
 
In response to these events, California has launched significant initiatives to reduce the risk and
severity of wildfires, including the use of increased forest management and a mix of controlled
burns,  in  a  combined  practice  commonly  referred  to  as  “fuel  reduction  treatments”.  Fuel
reduction treatments reduce forest stand density and improve climate change resilience of forests
and potentially minimize future GHG emissions, negative economic impacts, and loss of life by
reducing  the  amount  and  frequency  of  large  and  severe  wildfires.  Although  fuel  reduction
treatments  are  generally  accepted  as  effective,  there  are  some  negative  consequences,  most
notably the GHG emissions and human health risks (2, 3) associated with these activities as well
as the risk that a controlled burn might generate a wildfire under certain weather conditions, such
as moderate to high winds. Taken together, there is a clear need for complementary approaches
to  wildfire  risk  mitigation  that  are  simultaneously  environmentally  friendly,  affordable,  and
scalable that work in tandem with fuel reduction treatments. 

SYSTEM TECHNOLOGY APPROACH & INSTITUTIONAL PARTNERS
The  forest  fuel  reduction  project  will  leverage  the  pyrolysis  platform  that  Fortune  500
technology company,  SAIC,  originally  developed for  the  U.S.  Military  [1];  TRIO has  since
acquired  the  system  technology.  The  project  will  take  an  integrated  approach  for  the
development and deployment of the pyrolysis platform including a woody biomass harvester and
milling unit and a high temperature pyrolysis reactor that produces syngas and biochar as the
primary outputs  (the “Platform”). The low emissions single 1MW closed-loop system converts
up to 2 tons of waste per hour, generating continuous net power for inside-the-fence solutions or
interconnected to local power providers. 

The Platform (Figure 2) is designed to operate as a stand-alone woody biomass conversion unit
that is capable of operations processing up to 4000 lbs/hr (bone dry basis - BDB) of woody
biomass. The three primary unit operations are [2] feedstock processing, [3] pyrolysis of those
feedstocks,  and  [4]  production  of  biopower,  hydrogen  and  biochar.  The Platform  utilizes  a
technology called  fast  pyrolysis,  a  proven and scalable  thermal  conversion  technology.  Fast
pyrolysis is a rapid thermal decomposition of carbonaceous organic matter in the absence of
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Figure 2. Schematic depiction of the Platform.
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oxygen.  This  process  occurs  at  low pressure,  moderate  temperatures  and  over  a  very  short
period. 
There are three products as result of this process: syngas, biochar, and pyrolysis oil.  The output
optimization of these products is regulated by varying the temperatures (1200°F to 1750°F) and
the rate of material conversion. The pyrolysis technique minimizes environmental concerns in
the  areas  of  waste  minimization,  carbon  sequestration,  soil  amendment,  energy/heat  supply,
value  added  chemicals  and  development  of  rural  areas.  The thermal  conversion  system can
process and eliminate almost any carbonaceous waste, including wood biomass, municipal solid
waste, biosolids, tires, toxic and hazardous wastes including petrochemical and medical.

Institutional Partners:  

LBNL:  This project brings together a diverse and differentiated set of capabilities and personnel
that  are  uniquely  qualified  to  work in  an integrated  fashion to  meet  and exceed the  project
mission  objectives.  LBNL has  world-class  expertise  in  woody biomass  characterization  and
processing from bench to pilot scale [5]. LBNL will also leverage its extensive experience in
complex systems design and process engineering [6] to assist in the optimization of the Platform
and processing  logistics  relative  to  emissions  and  effluents.  LBNL also  has  the  unique  and
differentiated expertise to assess potential implications of the Platform from the perspectives of
economic,  health  and  life-cycle  impacts  [7]  and  their  respective  impacts  on  the  Platform’s
emissions  and  effluents. LBNL  uses  the  most  advanced  empirical  tools  in  California  for
economic  impact  evaluation  and  has  over  20  years’  experience  providing  life-cycle  and
economic research services to a diverse range of state and federal government agencies. 

RUTGERS:  Rutgers' Department of Industrial and Systems Engineering (ISE) is home to 11
full-time faculty, some of whom are nationally known leaders in energy systems and analytics
[8]. The department has also developed a new energy lab for research and education,  which
includes electric battery testing and sky imaging equipment, weather station, solar panels and
invertors and battery storage for renewable power, mobile robots for load, EnergyPlus and other
simulation  software  for  design  and  analysis  of  wind  and  solar  farms  and  microgrids.  The
department  is  also  home  to  Laboratory  for  Energy  Smart  Systems  (LESS)  which  has  been
working on government and industry funded projects for over fifteen years. For instance, LESS
secured major awards on analysis and design validation of thirteen town-center microgrids across
New Jersey, integration of energy storage to New Jersey interconnection and Off-Shore Wind
(OSW), fuel cell and hydrogen initiatives in New Jersey, and the most recent joint award with
Atlantic Shores to study integration of OSW and energy storage to PJM market and NY ISO.

TRIO:  TRIO is a renewable gas and distributed energy company that generates its products from
debris and waste atop the ground. The company leverages proven thermo-chemical conversion 
technologies to create biochars and/or syngas to generate electricity, compressed hydrogen, or 
conditioned to achieve a high methane content, qualifying it as a Renewable Natural Gas and 
fully interchangeable with conventional natural gas. TRIO sources modular, scalable conversion 
equipment to locate/operate near the source of the feedstock. In so doing, TRIO minimizes the 
carbon footprint associated with transporting waste. TRIO both builds-owns-and-operates or 
builds-sells-transfers its energy plants. TRIO maintains project development, systems integration
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and other skills necessary to deliver its system technology on a national basis and for myriad 
tailored applications. 

EMISSIONS SAFE TO REDUCE HEALTH & ENVIRONMENT HAZARDS
Relative to the generation of pollutants, Emissions Safe will test and optimize, under controlled
and open conditions, the operating and system configurations under assessment as part of the
R&D activity for a commercially sustainable, efficacious wildfire mitigation program. 

Emissions Safe will specifically model for each of the desired co-products the following factors
impacting system waste and emissions:

 Biomass Condition—moisture content, (de)composition, format
 Preprocessing—granularity
 Thermal Reaction--operating temperature
 Scrubbing—type of scrubber and its settings
 Logistics—handling of wastes including transport and repurposing
 Life-cycle, health, environmental, and economic analyses vis-à-vis accepted standards in

terms of emissions (solid, gas and liquid) and Platform performance efficiency

GREENHOUSE GAS (GHG) & PYROLIGENOUS LIQUOR (PL) BENEFITS
GHG:  The Platform will have a significant GHG benefit and will reduce the GHG emissions not
only of wildfires but also of controlled burns. The conversion of this woody biomass represents
30 MT CO2e that will be sequestered or transformed into biopower, hydrogen and biochar. The
biochar  represents  roughly  20-50% of  the  initial  carbon in  the  woody biomass  that  will  be
sequestered long-term when used as a soil amendment. For a given 1000 acres of forest treated, it
is estimated that the Platform will improve annual GHG emission reductions by over 100 MT
CO2e/yr over a five-year period. Emissions Safe will monitor all volatile organic compounds
(VOCs), not just the handful that make up the EPA standards for Off-Highway Machinery. The
added GHG emission reductions associated with fire reduction practices will be improved by
Platform use, while concurrently reducing GHG emissions generated by controlled burns and/or
the burning of thinned forestry materials.

Plans for evolving and optimizing the Platform will  build on a very effective foundation.  In
2016, a prestigious environmental testing company, DECA Environmental, implemented EPA
methods for determining key pollutants resulting from the conversion of Saw Dust to Energy in
the first version of the Platform. The original Platform performed extremely well relative to Title
V Air Quality thresholds as the results below demonstrate.

Pollutant Saw Dust
Potential to Emit

(tons/yr)
Title V Permit

(tons/yr)

Material Processed 243.50 lb

PM Filterable lb/hr 0.0018
PM Filterable lb/lb 0.0000074 0.10 15
PM10 Condensable lb/hr 0.0099
PM10 Condensable lb/lb 0.000041 0.05 15
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Filterable + Condensable lb/hr 0.0116
Filterable + Condensable lb/lb 0.00005 0.06 15
NOx lb/hr 0.8278
NOx lb/lb 0.0034 4.47 25
CO lb/hr 0.8831
CO lb/lb 0.0036 4.73 25
SO2 b/hr 0.0
SO2 lb/lb 0.0 0.0 25
THC lb/hr 0.0929
THC lb/lb 0.0004 0.52 25
Dioxin/Furan lb/hr 1.21E-10
Dioxin/Furan lb/lb 4.98E-13 6.54E-10 10

PL:  Pyroligneous liquor  is  the liquid effluent  generated during the pyrolysis  process.  PL is
typically  a  complex  mixture  of  water,  alcohols,  organic  acids,  phenols,  aldehydes,  ketones,
esters, furan and pyran derivatives, hydrocarbons, and nitrogen compounds [9, 10], yield and
composition  depending  on  the  operating  conditions  of  the  process  as  well  as  biomass
composition. Many organic compounds and a list of hazardous constituents have been identified
in such wastewaters [11]. The correct disposal of pyrolysis aqueous phase becomes, therefore,
critical  for the diffusion of small-scale pyrolysis  technology.  Therefore,  alternative treatment
technologies need to be evaluated to limit the environmental impact of such products [12].

KNOWLEDGE TRANSFER AND OUTREACH
The project team is committed to knowledge transfer and outreach. We will establish a website
that will describe the project details, planning, and benefits of the Platform. This website will
include materials  that  can be downloaded and disseminated  by the general  public.  This  will
include  our  reports  on  the  economic,  environmental  and  health  impacts  achieved  by  the
deployment of the Platform. We will conduct a series of town halls at locations associated with
priority landscapes and projects across the state to inform those audiences of the advantages and
opportunities associated with the Platform. 

STATE/LOCAL LONG-TERM FOREST MANAGEMENT RELEVANCE
Resulting from the benefits cited below, the Institutional Partners expect wide adoption. Hence,
diminishing the hazards resulting from exposure of local populations and ecosystems to toxicities
emanating from the Platform’s emissions and effluents has become exigent.

The Platform is of direct relevance and importance to state and local plans around wildfire risk
reduction and forest management. The Tribe will deploy a mobile woody biomass conversion
platform  that  can  be  transported  anywhere  and  will  provide  forest  fuels  reduction  teams  a
versatile  tool  that  complements  standard  wildfire  risk  reduction  practices.  The  Platform can
directly impact the rate at which forest thinning and residues are cleared and converted to reduce
the risk and intensity of wildfires. The outputs of biopower and renewable hydrogen can help
fund  remote  operations  associated  with  forest  management.  The  reduction  of  particulate
emissions  to  local  ecosystem  versus  controlled  burns  will  generate  positive  economic,
environmental  and human health  impacts.  The biochar  generated  can also  be used  as  a  soil
amendment to assist in maintaining and improving these landscape projects, wildfire recovery
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operations, establishing new growth forests and improve the health and stability of microbiomes
present in forest soils. 

IMPACTS AND CO-BENEFITS

This project will serve to maximize the health and environmental benefits of the Platform, which
is core to the planned forest fuels reduction program. The deployed mobile Platform units will
have a uniquely positive impact on air quality and reduced risks to human health and ecosystems
as compared to controlled burns due to elimination of particulate emissions (PM 2.5) and soil
erosion resulting from mastication and chipping activity. In addition to being a strategic resource
for the prevention of wildfires, the fine tuning of the  Platform’s emissions and effluents will
assist as we extend our work to: (1) aid in disaster relief and recovery operations on an as needed
basis,  (2)  the  conversion  of  municipal  solid  waste  and  agricultural  residues  into  renewable
hydrogen, biopower and biochar, and (3) as distributed static or dynamic renewable hydrogen
and biopower that can operate year-round in any environment or ecosystem. In summary, this
technology will:

 Reduce risk of wildfires
 Reduce GHG emissions
 Reduce particulate emissions (PM 2.5) that pose a health risk to humans associated with 

any burning of woody biomass
 Generate rural economic growth and create jobs
 Generate syngas that can be converted into biopower and/or renewable hydrogen
 Generate biopower suitable for local use and/or grid distribution
 Generate biochar that can be used as a soil amendment to increase crop productivity, 

forest health, and reduce water consumption/irrigation
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