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Indigenous nationality Kichwa Napo 
Runa



Tenerife ITER. Spain 2001. 10 meters altitude



Bolivia Around 2500 meters of altitude



Bolivia over 4000 meters of altitude



Huayna Potosi 6088 
msnm

Refuge Las Rocas 5130 
msnm

Bolivia over 5000 meters of altitude



Low-cost digestors



Tenerife ITER. Spain 2001. 10 meters altitude



Santa Rosa, G. Parra Ecuador, 2015



Santander, Finca TOSOLY, Colombia, 2015



How Digestors Work

Lettinga, G., Rebac, S., & Zeeman, G. (2001). Challenge of psychrophilic anaerobic
wastewater treatment. TRENDS in Biotechnology, 19(9), 363-370. 



Laboratory studies 
reported that bellow 
20 ºC there are no (or 
very few) Anaerobic 
Digestion

The reference, at 36.5 ºC 
is 325 l/kgVS



Full scale, 8 years old digester, 
treating pig manure reporded 400 
l/kgVS working at 17.7ºC

But Pham et al 2014 said around 50 l/kgVS (17-18ºC)
The reference, at 36.5 ºC is 325 l/kgVS



Renewable and Sustainable Energy Reviews 161 
(2022) 112394
ttps://doi.org/10.1016/j.rser.2022.112394 



Mesophilic inoculum Psychrophilic inoculum

The history of the
inoculum is the key



pubs.rsc.org/en/content/articlehtml/2021/ew/d0ew00753f













Digester inside a 
compact greenhouse Insulation in the trench

At the begining 
straw, but desapear 
after 2 yearsViacha, La Paz, Bolivia. Endev-Bolivia-GTZ y CIMNE, 2011



black color reactor

Viacha, La Paz, Bolivia. Endev-Bolivia-GTZ y 
CIMNE, 2011



Experimental station 
Choquenaira (UMSA) 
Viacha, La Paz
3850 m.a.s.l.



Experimental station 
Choquenaira (UMSA) 
Viacha, La Paz
3850 m.a.s.l.





Bolivia, CIB3
•Cow manure: water (1:3)
•124 d HRT

•Biofilm (+43% biogas)



filter or biofilm?



Problems with the 
greenhouse plastic 
after two years

Viacha, La Paz, Bolivia. Endev-Bolivia-GTZ y CIMNE, 2014



We change the 
greenhouse plastic 
by policarbonate

Viacha, La Paz, Bolivia. Hivos and CIMNE, 2014



Viacha, La Paz, Bolivia. Hivos and CIMNE, 2014

Keep compact greenhouse



And change the 
Straw insulation
by polystyrene
foam

Viacha, La Paz, Bolivia. Hivos and CIMNE, 2014



We tried to
simplify the
greenhouse…

Viacha, La Paz, Bolivia. Hivos and CIMNE, 2015



…but we failed. 
To much heat!

Viacha, La Paz, Bolivia. Hivos and CIMNE, 2015



We melt the
plastic! 
(over 70 ºC!!)

Viacha, La Paz, Bolivia. Hivos and CIMNE, 2015



We focused on solar passive 
design with differents papers 
published:

The conclusions?

We can reach a slurry temperature 
similar to the maximum ambient

temperature

Without active heating, just taking 
advantege of solar passive design



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador, FONAG-INER 2015



Cotopaxi, Ecuador. Prometeo Program, INER and
CIMNE, 2015



Cotopaxi, Ecuador, FONAG-INER 2015













Laguna Colorada, Bolivia CIMNE, 2014





3 digester in serie

Black water 
separated of the 
grey water

300 cutted bottles 
per digerter

Laguna Colorada, Bolivia CIMNE, 2014



Laguna Colorada, Bolivia CIMNE, 2014



Ventilated Wetland 
with subsuperficial 
flux

Laguna Colorada, Bolivia CIMNE, 2014



Excess of heat!!! 
+ 70ºC

Laguna Colorada, Bolivia CIMNE, 2014











Toilets

BDGs

wetland

Huayna Potosi, La Paz, (5130 m.a.s.l.), Bolivia Hivos and 
CIMNE, 2014



•4 tanks 600l (total 2.4m3)
•Inside a insulated greenhouse
•Full of soda bottels

Huayna Potosi, La Paz, (5130 m.a.s.l.), Bolivia Hivos and 
CIMNE, 2014



•Wetland full of
small sotones
•Cover and 
ventilated
•1m2/5p (total 
5.5m2)

Huayna Potosi, La Paz, (5130 m.a.s.l.), Bolivia Hivos and 
CIMNE, 2014



Huayna Potosi, La Paz, (5130 m.a.s.l.), Bolivia Hivos and 
CIMNE, 2014



Huayna Potosi, La Paz, (5130 m.a.s.l.), Bolivia Hivos
and CIMNE, 2014



Huayna Potosi, La Paz, (5130 m.a.s.l.), Bolivia Hivos and 
CIMNE, 2014



Jose Maria Saez, PUCE







J.G. Jaramillo, J. Martí Herrero, L.Castro, H. Escalante, 2023



•We can adapt microorganisms to low
temperatures (even use native!!)
•Solar radiation as heating source
•Soda bottles helps a lot
•Accept that is going to freez
•Make sure to use the right technology





Thank you!



Comunidades dispersas



Tena. Ecuador. 2020





Tena. Ecuador. 2020






































