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1. Meteorological and soil data 

Table 1: Latitude, longitude, yearly average temperature and monthly precipitation values from the 

ClimWat database 1 of the meteorological station considered in this study. These meteorological 

values were assumed in repetition for the modelling activities. 

Meteorological station  Puerto Maldonado   

Altitude 266 m.a.s.l.   

Latitude -12.63 Longitude -69.2 

Month 
Average  

Temperature (°C) 

Average  

Precipitation (mm) 

Evapotranspiration  

(mm)* 

January  26.3 317 143.2 

February 25.9 317 120.7 

March 25.65 273 125.5 

April 25.5 149 116 

May 24.45 85 101.7 

June 23.25 51 82.2 

July 23.1 55 83.6 

August 24.25 66 100.3 

September 25.8 100 122.8 

October 26.3 153 139.3 

November 26.65 223 144.1 

December 26.35 285 144.9 

*Thornthwaite potential evapotranspiration was calculated using the R software 

package “SPEI” 2 

 

Table 2: Soil characteristics of the case study plot and the reference forest 3.  

Characteristic Unit Reference Forest 
Open sandy area 

(case study) 

pH  / 4.8 5.6 

Organic matter % 3 0.2 

CEC Cmol kg-1 17.4 5.9 

Sand content % 60 91.7 

Clay content % 13.6 5.1 

Silt content % 26.5 3.1 

Bulk density g cm-3 1.11 1.57 

Carbon stock (0-20 cm) *  t ha-1 66.63 6.35 

* Calculated    
 

  



2. Nursery  

Table 3: Elements needed for the growth of 1000 seedlings in the nursery 4. 

Amendment Weight for 1000 seedlings [kg] 

Semi carbonized rice husk 100  

Saw dust 75 

Poultry manure 150 

Cow manure 100 

Compost 100 

NPK 16-8-12 (Basacote) 3 

 Fertiliser (Magnocal) 3 

Diammonium phosphate 3 

NPK 14-16-10 (Yaramilla) 3 

Potassium chloride 0.3 

Fungicide (Cupravit - copper oxychloride) 0.2 

Fungicide (Benzomil - C14H18N4O3) 0.3 

 

The nursery pays 9 soles per month for the electricity (Jhon Farfan, pers. com.). In 2013 the price per 

kWh in Madre de Dios was 0.44 soles per kWh 5. 

3. Carbon modelling data  

Table 4: Data for carbon modelling activities. 

Parameter Value Unit Note Reference 

CINCIA planting density 1111 Seedling ha-1  3 

Biochar yield 30 %  6 

soil thickness 20 cm   3 

DPM:RPM ratio  0.25 / 
For a deciduous or 

tropical woodland 
7 

Clay content 5.13 %  3 

Degraded soil carbon stock 6.35 t C ha -1 Calculated 3 

Adjacent forest soil carbon stock 66.63 t C ha -1 Calculated 3 

Time between minimum and 

maximum litter input 
40 years  8 

Minimum litter input 1.203 t C ha -1 Inverse RothC  7 

Maximum litter input 11.4258 t C ha -1 Inverse RothC  7 

Sigmoid equation between 

minimum and maximum litter 

input 

dI/dt = 

Min_Litter_Input*I*(1-

I/Max_Litter_Input) 

Computes a 

sigmoid between 

min and max litter 

input to be used in 

RothC 

 



Biochar Carbon content 87.6 %   9 

Biochar weight considered labile 5 %  10 

Biochar weight considered 

recalcitrant 
95 %  10 

Biochar C lost after 100 years 15 %   6 

Median number of trees in old 

growth tropical forest 
565 /  11 

Above-ground model 

11.47±0

.24*sqrt

(year) 

t C ha -1 
For moist forest, 

non-plantation 
12 

Below-ground model (root to 

shoot ratio) 

0.293±0

.0195 - 

0.657±0

.0978 

/ young – old trees  13 

4. LCA Data 

Table 5: Data and emission factors used for the LCA. 

Parameter Value Unit Reference Comment 

Distance biomass 

collection to biochar 

production plant 

15-25 km 14  

Distance biochar 

production plant to 

reforestation plot 

36 km 14  

Distance nursery to 

reforestation plot 

128 km 14  

Boat fuel consumption 

to reforestation plot 

4.25 litres (Jhon Farfan, pers. 

com.) 

 

Weight of seedlings  110 g seedling -1 (Jhon Farfan, pers. 

com.) 

 

GWP - CH4 28 kg CO2e kg-1 15  

GWP - NOx -11 kg CO2e kg-1 15  

GWP - CO 2.65 kg CO2e kg-1 15  

GWP - N2O 265 kg CO2e kg-1 15  

Density gasoline low 

sulphur 

850 kg m-3 16  

Emission factor 

gasoline 

0.88 kg CO2e kg-1 17 Petrol, low-sulfur {RoW}| 

market for | Alloc Def, S 

Emission factor loader 

operation 

3.2 kg CO2e l of diesel-1 17 Diesel, combusted in industrial 

equipment/US 

Emission factor 

electricity 

0.392 kg CO2e kWh-1 17 Electricity, low voltage {PE}| 

market for | Alloc Def, S 

Emission factor human 

labour  

0.123 kg CO2e hour of 

work-1 

18 Using the purchasing power 

parity of Peru 

Emission factor 

transportation  

0.2628 kg CO2e tkm-1 17 Transport, freight, lorry 7.5-16 

metric ton, EURO3 {RoW}| 

transport, freight, lorry 7.5-16 

metric ton, EURO3 | Alloc Def, 

S – Added 20% to account for 

rough terrain 

Loading operation 0.180 - 

0.195 

l of diesel tBC-1 19  

Emission factor open 

dump of husks 

0.0853 kg CO2e kg of 

husks-1 

17 Waste wood, untreated {GLO}| 

treatment of waste wood, 

untreated, open dump, very wet 

infiltration class (1000mm) | Cut-



off, U (of project Ecoinvent 3 - 

allocation, cut-off by 

classification - unit) 

Methane production 

during pyrolysis 

30 ± 60  g CH4 kg biochar-1 20  

Nitrogen oxides 

production during 

pyrolysis 

0.4 ± 0.3  g NOx kg biochar-1 20  

Carbon monoxide 

production during 

pyrolysis 

54 ± 

35.1  

g CO kg biochar-1 20  

Nursery amendment 

transportation to city 

150 km Estimated  

Electricity for nursery  0.09 kWh seedling-1 Calculated  

Team number for field 

work and maintenance 

8 people (Jhon Farfan, pers. 

com.) 

 

Weight of team 

member for field work 

and maintenance 

85 kg Estimated – including 

gears 

 

Number of days needed 

for field work and 

number of 

maintenances 

3 day ha-1 (Jhon Farfan, pers. 

com.) 

 

Saw dust 0.0293 kg CO2e kg-1 17 Saw dust, wet, measured as dry 

mass {GLO}| market for | Alloc 

Def, S 

Poultry manure 0.196 kg CO2e kg-1 17 Poultry manure, fresh {GLO}| 

nutrient supply from poultry 

manure, fresh | Conseq, S 

Cow manure 0.0388 kg CO2e kg-1 17 Manure, solid, cattle {GLO}| 

nutrient supply from manure, 

solid, cattle | Conseq, S 

Compost 0.211 kg CO2e kg-1 17 Biowaste {RoW}| treatment of, 

composting | Alloc Def, S 

NPK 16-8-12 

(Basacote) 

0.903 kg CO2e kg-1 17 NPK compound (NPK 15-15-

15), at regional storehouse/RER 

Mass 

Fertiliser (Magnocal) 0.903 kg CO2e kg-1 17 NPK compound (NPK 15-15-

15), at regional storehouse/RER 

Mass 

Diammonium 

phosphate 

2.87 kg CO2e kg-1 17 Nitrogen fertiliser, as N {RoW}| 

diammonium phosphate 

production | Alloc Def, S 

NPK 14-16-10 

(Yaramilla) 

0.903 kg CO2e kg-1 17 NPK compound (NPK 15-15-

15), at regional storehouse/RER 

Mass 

Potassium chloride 0.568 kg CO2e kg-1 17 Potassium chloride, as K2O 

{GLO}| market for | Alloc Def, S 

Fungicide (Cupravit - 

copper oxychloride) 

11 kg CO2e kg-1 17 Pesticide, unspecified {GLO}| 

market for | Alloc Def, S 

Fungicide (Benzomil - 

C14H18N4O3) 

8.43 kg CO2e kg-1 17 Benzimidazole-compound 

{GLO}| market for | Alloc Def, S 

 

  



5. CINCIA’s LCA contribution analysis  

Table 6: Contribution analysis of the LCA related to the setup of CINCIA’s reforestation plot. 

Processes Sub-Process Values 

(kg C ha-1) 

SD 

(kg C ha-1) 

Group Contribution 

within Group 

Biochar plant Biomass transportation 4.87 0.447 Emission 0.9% 

Biochar plant Loader Operations 1.21 0.0198 Emission 0.2% 

Biochar plant Pyrolysis emissions 298 161 Emission 57.2% 

Biochar plant Biochar Transport 4.92 0.0971 Emission 0.9% 

Nursery Amendments  55.9 16.2 Emission 10.7% 

Nursery Electricity 11.0 / Emission 2.1% 

Nursery Seedling transport 3.11 0.0380 Emission 0.6% 

Field works On-site fertilizers 25.2 0.0140 Emission 4.8% 

Field works Team Transportation 13.8 0.282 Emission 2.7% 

Field works Nitrous Oxide emissions 76.1 23.3 Emission 14.6% 

Field works Human labour 6.50 / Emission 1.2% 

Field 

maintenance 

Team Transportation 13.8 0.282 Emission 2.7% 

Field 

maintenance 

Human labour 6.50 / Emission 1.2% 

Avoided 

composting 

Avoided composting 86.2 / Emission 

reduction 

8.4% 

Biochar in 

soil 

Biochar in soil 942 / Emission 

reduction 

91.6% 

 

6. Distribution - Monte Carlo  

Methane emissions during pyrolysis Unit Comments 

Reported in the LCA 30 kg tBC-1 Literature 

Shape 0.25   

Scale 120   

Distribution Gamma   

N  3   

 

Nitrogen oxides emissions during pyrolysis Unit Comments 

Reported in the LCA 0.4 kg tBC-1 Literature 

Shape 1.78   

Scale 0.225   

Distribution Gamma   

N  3   

 

Carbon monoxide emissions during pyrolysis Unit Comments 

Reported in the LCA 54 kg tBC-1 Literature 

Shape 2.38   

Scale 22.7   

Distribution Gamma   

N  3   

 

Emission factor direct emission of N2O-N Unit Comments 



Reported in the LCA 0.01 kg kg-N-1 Literature 

Min 0.003   

Max 0.3   

Mode 0.01   

Distribution Triangular   

N  1   

 

Emission factor indirect emissions N2O 

volatilisation 
Unit Comments 

Reported in the LCA 0.01 kg kg-N-1 Literature 

Min 0.002   

Max 0.05   

Mode 0.01   

Distribution Triangular   

N  1   

 

Emission factor indirect emissions N2O 

leaching 
Unit Comments 

Reported in the LCA 0.0075 kg kg-N-1 Literature 

Min 0.0005   

Max 0.025   

Mode 0.0075   

Distribution Triangular   

N  1   

 

Fraction gasification volatilisation synthetic 

fertilizer N2O-N 
Unit Comments 

Reported in the LCA 0.1 / Literature 

Min 0.03   

Max 0.3   

Mode 0.1   

Distribution Triangular   

N  1   

 

Fraction gasification volatilisation organic 

fertilizer N2O-N 
Unit Comments 

Reported in the LCA 0.2 / Literature 

Min 0.05   

Max 0.5   

Mode 0.2   

Distribution Triangular   

N  1   

 

Fraction leaching N fertilizer Unit Comments 

Reported in the LCA 0.3 / Literature 

Min 0.1   

Max 0.8   

Mode 0.3   

Distribution Triangular   

N  1   

 

Distance between biomass and pyrolysis plant Unit Comments 

Reported in the LCA 20 km  

Range 15 – 20 – 25  km Google Maps 



Distribution Uniform    

N  3   

 

Distance transport nursery amendment Unit Comments 

Reported in the LCA 150 km  

Range 100 - 200 km Arbitrary 

Distribution Uniform    

N  2   

 

Loader operation  Unit Comments 

Reported in the LCA 0.188 l diesel tBC-1   

Range 0.18 – 0.195 l diesel tBC-1 Literature 

Distribution Uniform    

N  2   

 

Emissions factor truck transportation  Unit Comments 

Reported in the LCA 0.2409 kg CO2 tkm -1   

Range 0.219 - 02628 kg CO2 tkm -1  

EcoInvent and 

additional 20% for 

rough terrain 

Distribution Uniform    

N  2   

 

Emission factor carbon monoxide  Unit Comments 

Reported in the LCA 2.65 kg CO2 kg-1   

Range 2 – 3.3 kg CO2 kg-1  Literature 

Distribution Uniform    

N  2   
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