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Background slide For those who have not seen TLUD stove technology before.  ND and FA 
designs are ready for implementation in projects that will reach 1500 HH.



We face a Climate Crisis
•1.  New GHG emissions each year exceed 40 gigatonnes.

• Emission reduction (ER) requires changing lifestyles, 

• ER relates to what you eat and wear and do.
Your carbon footprint is up close and personal.

•2.  More than 1000 Gt of excessive CO2e                               
in the atmosphere and oceans.
• Carbon  dioxide removal (CDR) occurs by impersonal                                               

actions of capturing molecules of CO2 from the air                                                       
and storing  them for multiple centuries.  

We will feel the 
impact of ER.

CDR does not change 
our lifestyle except 
for paying to have 
CDR occur faster.

We will feel the impact 
of climate disaster.

CDR is much “nicer” and more “life-style friendly” than ER.
CDR via biochar is typically 10X or greater than the value of ER.
CDR via biochar is easier to document (MRV) than is ER.



Biochar is one of the Seven CDR technologies
• Nature-based CDR (CO2 found in living or once-living organisms.  Notably of short duration.)

1)  PG  Plant growth (not just AF/RF Trees) (using solar-powered photosynthesis to make many types of biomass 
(carbohydrates) that tend to have short-term duration of weeks to less than 100 years.)

2)  SOM  Soil organic matter (living and dying organisms including plant roots, bacteria and fungi that can hold and increase 
organic carbon in soils.  Often associated with regenerative agriculture and "living soil".)

• “Hybrid” or other CDR (nature-based physiochemical extraction and/or long-term carbon storage 
without photosynthesis.)

3)  BC  Biochar (using pyrolytic processes for thermochemical 
transformation of previously produced biomass into long-stable 
elemental carbon.  Can be nearly 50% of plant-growth carbon.)

4)  EW  Enhanced weathering (using human-facilitated crushed rocks to have greater surface area for ambient chemical reactions 
capturing carbon into quite stable inorganic compounds on land or in water / oceans.)

5)  OCS  Carbon concretions in oceans (living animals or chemical treatments take carbon from ocean waters to create solids 
(coral reefs and precipitates) with long-term sequestration.)

• Engineered CDR (human-fabricated devices and methods for physiochemical extraction and collection of 
CO2 gas.)

6)  CCE (or BECCS) Collection of concentrated chimney emissions of CO2 from biomass combustion (using constructed 
devices for CO2 collection and long-term geologic storage.)

7)  DAC  Direct air capture (using constructed devices for CO2 collection from ambient air and  then long-term geologic storage.)





Photosynthetic 
plant growth (PG)   
does the CO2

removal, and 
pyrolytic 
production of 
biochar (BC) 
accomplishes the  
long-term stability   
to be true CO2

removal and 
storage (CDR).

PG + BC = CDR



I work on "Climate Intervention with Biochar"
• My writings:

• A 52-page white paper "Climate Intervention with Biochar." (Dec. 2020) that includes the 
possible impacts of TLUD stoves in Section XII (pp. 21-27).

• A 50+page sequel called "Roadmap for Climate Intervention with Biochar." (Feb 2023)

• The ETHOS audience is stovers.  So I will focus on stoves while  pointing out the 
global importance of biochar for CO2 removal.  

• My ETHOS 2022 presentation was "Cookstoves and Climate: A Comparative Analysis" 

• Available as 21-slide deck and as presented as a 14-minute video  at www.woodgas.com

• Summarized here in the next three slides:

http://www.woodgas.com/


ESMAP Overview of Improved and 
Clean Cooking Technologies
http://www.drtlud.com/wp-content/uploads/2017/04/Stove-Classification-2017-04-10.pdf

2015 Original

2017 Rearranged 
by Anderson



Stove types

• ICS fail on Clean 
and fail on 
Climate.

Evaluation criteria

• These are clean but will increasingly 
have very significant limitations.     
Electricity has issues of supply and high cost.  Concerns about LPG/NG 
for health and terrible for fossil fuel emissions.  Will be banned.

• These are nice but limited by economics

• These are super clean and also are the 
only stoves that are carbon negative.



How much benefit can come from TLUD stoves?
• For society:  Significant contributions toward meeting eight of the UN’s 

Sustainable Development Goals.  [SDG’s 1, 2, 3, 5, 6, 7, 13, and 15]

• For family:  Monetary benefits (based on 7 years of experience in WB, India): 
• an average household can save about US$110 per year on fuel purchases, and 

• the woman of the house receives about $40 per year income from the sale of the 
biochar that she produces when cooking the family meals.  That is women 
empowerment.

• For climate:  The World's poorest 500 million families could help sequester 
0.5 Gt CO2/yr by using TLUD cookstoves to prepare daily meals.

• By 2050, increasingly advanced TLUD stoves will be used for cooking meals 
in middle-income homes, sequestering an additional 0.5 Gt CO2/yr.

CDR of >1 Gt CDR/yr via TLUD biochar + ER credit for energy.



How is this financially sustainable? What Business model?

• Unlike any other type of cookstove, TLUD stoves can have INCOME streams.  

• The incomes are associated with the production of biochar, the valuable  
co-product of pyrolytic production of woodgas for cooking.

• And the incomes are possible only through the management of biochar 
businesses with sufficient numbers of TLUD stoves. 



Bias, Conflicts of Interest, and Money
• I am Paul Anderson, a 79 year-old, retired university professor.

• Since May 2001, I have been dedicated to micro-pyrolysis, with 20 presen-
tations to ETHOS.   I am an "expert" on the topic.   Nickname: "Dr TLUD"

• I am biased favoring TLUD technology.  But bias does not mean being 
wrong.

• Conflicts of Interest:  (Not really)
• Not much chance to make money equal to my personal financial investment thus far.

• My donation of 20 years in retirement cannot be recovered.

• A little bit of recognition would help promote the TLUD efforts.

• I frequently say:  "If something better is found, I will endorse it." 

• There is nothing better than TLUD stoves for what our 
world needs now and for the future !!



Roadmap to 10 t CDR/yr via biochar

• Biochar 
(TLUD) 
stoves 
can 
remove 
1.5 Gt 
CDR/yr 
by 2050

CDR via TLUD stoves is now the 
relatively easy 15% of the 10 Gt goal.

Paul Anderson now spends most of his efforts 
on the other 85% of the 10 Gt goal and to 
establish credible CDR verification methods.



Five Goals for CDR/yr   Explained in "Roadmap ... Biochar"

Eight (8) orders of magnitude of increase in 27 years!!!  And how to do it.

1500 stoves

The First Goal has been proposed by the multi-nation Mission Innovation Launchpad in Sept and Nov 2022.



Example:  1500 Champion TLUD stoves in 
one project area.     (per year, so it is sustainable)

• Use of TLUD stoves produces good quality biochar 
• CDR value of 1000 t CDR @ $100/t = $100,000. (could be @$200/t = $200,000)

• Physical biochar (~750 t) is sold for soil enhancement @ $200/t = $150,000)

• The project could have $250,000 to $350,000 to cover its operational costs 
and revert money back to the community.  That is $167 to $233 per HH.

• There are costs (MRV, admin, maintenance, etc.).  But with a chance of sustainability.

• Add in ER carbon credits from energy savings and replacing NG and LPG.

• Add creation of viable businesses of fuel supply and biochar markets.



Method for success.  Why thiswill work?
• The TLUD stove projects must purchase the initial stoves (@ ~US$40 each 

x 1500 = $60,000) to be distributed to the project households, and there 
need to be buyers for the CDR credits and physical biochar for ~$250,000. 

• This will work because the threat of the coming devastation of Climate 
Change literally compels payments by affluent societies, businesses, 
governments, and concerned citizens for CDR and physical biochar.

• The worldwide community for clean cookstoves is prepared to do the  on-
site work to progressively place 500 million TLUD stoves into use.

Perhaps the only good result that could be caused by disastrous Climate 
Change is if it forces the affluent societies to provide appropriate clean 
CDR cookstoves to the World's three billion poorest people.    -- PSA  



Transition to TLUD Stoves 
for CO2 Removal (CDR) 

with Biochar and Climate Benefits

Conference Theme:  "Don't just talk about the great things you're doing –

share insights so that others can do great things." 

Our planet and societies need all "stovers" to do great things.

Transition is both 
a noun: as in "The transition to TLUD stoves..."    and
a verb: declaring that "You transition to TLUD stoves..."



Our futures in 2030, 2040, 2050 and 2100
• Paul Anderson will likely be dead before 2040.  But my grandchildren 

and  many of you and your children could be alive until 2100.   

• Do you make or promote Rockets or charcoal burners or other ICS 
stoves?   What should be your stove business in 2030 and later?

• Do you make or promote fossil-burning stoves?  Please stop.

• Are you influential with the CCA and tow the line of current policy?   
Sorry.  To be favoring fossil-fuel stoves should not be continued.

• Are you advancing TLUD pyrolytic energy and biochar production in 
cookstoves?   Praise you.   You are on a justifiable pathway that helps.



What if we fail to accomplish CDR via TLUDs?  
• If we cannot accomplish this task that has so many co-benefits and is the  

"low hanging fruit" of CDR, there  is probably not much hope for other 
forms of CDR to be successful.  Eventually it will be too late to be helpful.

• In 2050, without massive (and disruptive) emission reductions (ER) and 
many gigatonnes of CDR at least by biochar, the World will not be a pretty 
place.  A hostile climate will be just one of many problems.  The World is 
facing the consequences of social disruption from natural disasters, mass 
migrations, wars, and food shortages. On top of that is the economic 
disruption that hurts everyone.

• Sorry to bring bad news.   I hope that you will not ignore or forget this 
soon.  And please consider some actions.



What can you do?   
• 1: Spread the word to bring in financial support for major CDR impact. 

• Especially tell others until one of the ultra-rich sees the opportunity to have major 
impact with some seed money to put the TLUD stoves into use with CDR benefits. It is 
extremely difficult to reach MacKenzie Scott, Melinda French Gates, Bill Gates and Jeff 
Bezos. 

• 2.  Become more informed.
• Example:  "Advanced Biomass Cooking" (ABC) or "Green Cooking" is coordinated by 

Christian Rakos, President of the Biomass Energy Association, based in Austria.

• Analyze your situation and begin preparations.  Tell Paul Anderson of your plans. 

• 3.  Transition your activities to include TLUD stoves.
• Become actively involved to bring CDR stoves and biochar into your projects.

• Analyze your objectives and resources and possible timetable.



Contact Information:

Paul S. Anderson, PhD 
(a.k.a. Dr TLUD)

• Email:  psanders@ilstu.edu Skype:   paultlud

• Phone:  Office: 309-452-7072    Mobile & WhatsApp: 309-531-4434

• Website:  www.woodgas.com
• On the  woodgas.com/resources page, see:
• White paper (with biosketch on page 50) and (soon) the "Roadmap...Biochar"
• TLUD Quick Picks (includes ETHOS 2022 and 2023 materials and a dozen key 

documents and videos about TLUD stove technology)
• Biochar production  (documentation  about RoCC kilns)
• Pages for each country with associated biochar CDR activities 

Be a climate hero.  Support TLUD stoves.

mailto:psanders@ilstu.edu
http://www.woodgas.com/
http://www.woodgas.com/resources
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