
 
 

 

Biosolids Derived Biochar 
Technical Overview of the Biochar Produced with the Bioforcetech’s Technology 

Intro 
 

Biochar is defined as  “a form of charcoal that is produced by exposing organic waste matter (such as wood chips, crop 
residue, manure or biosolids) to heat in a low-oxygen environment...” . 
Due to its revolutionizing P-FIVE pyrolysis machine, Bioforcetech is the first company in the USA that is generating high 
quality biochar from biosolids at an industrial scale. This document shows the chemical analysis of this product and its 
possible applications. 

Analysis Results 
 

All the data reported below show the difference between biosolids Class A and Biosolids Derived Biochar (Attachment A). 
The digested biosolids sample has been collected after the BioDryer at the Silicon Valley Clean Water facility in Redwood 
City, California, on 7/6/2017. The biochar sample has been collected after the P-FIVE pyrolysis system on 7/6/2017. The 
process of biosolids carbonization has been carried on at 550ºC (1,022ºF) -- (+/- 10ºC (50ºF)) for 25 minutes. 
 
 

  Biosolids  Biochar  Method 

Moisture (time of analysis)  22.1 %  2 %  ASTM D1762-84 (105c) 

Bulk Density  0.27  kg/dm3   0.8 kg/dm3    

Carbon   36.3 %  28.6 %  Dry Combust-ASTM D 4373 

Hydrogen/Carbon (H:C)   1.58 Molar ratio  0.48 Molar ratio  Dry combustion/C(above) 

Total Ash   28.8 %  64.3 %  ASTM D-1762-84  

Total Nitrogen   5.16 %  2.40 %  Dry Combustion  

pH value  7.75  8.42  4.11USCC:dil. Rajkovich 

Electrical Conductivity  3.460 dS/m   1.396 dS/m   4.10USCC:dil. Rajkovich 

Liming (Value as-CaCO3)  18.9 %CaCO3  10.5 %CaCO3  AOAC 955.01  

Carbonates (as-CaCO3)  1.7 %CaCO3  1.5 %CaCO3  ASTM D 4373  

 
 

 



 
 

 

Metals Concentration 
 

(Data source: EPA Limits, 
https://www.ecfr.gov/cgi-bin/retrieveECFR?gp=2&SID=3ba5c96eb4bfc5bfdfa86764a30e9901&ty=HTML&h=L&n=pt40.30.50
3&r=PART) 
 

All units mg/kg dry  Biosolids  Biochar  Transformation Factor  EPA Limit 

Arsenic  3.1  3.1  1  75 

Cadmium  1.5  2.13  1.42  85 

Chromium   30.4  62.4  2.05  - 

Cobalt   3.01  6.2  2.05  - 

Copper  329  624  1.95  4300 

Lead  18.2  39.8  2.18  840 

Molybdenum  14.7  20.4  1.39  75 

Mercury  0.017  ND  0  57 

Nickel  21.5  51.4  2.39  420 

Selenium  5.9  7.8  1.32  100 

Zinc  969  2,027  2.09  7500 

Boron  18.1  40.5  2.23  - 

Chlorine  3,473  1,887  0.54  - 

Sodium  1,168  2,801  2.40  - 

Iron  17,220  42,487  2.47  - 

Manganese  283  753  2.66  - 

 
All the data reported in the table above show metals concentration of biosolids and biochar from Silicon Valley Clean Water 
in Redwood City, California.  To calculate the concentration of metals after pyrolysis of different biosolids, this formula is 
applied:  
 
Biochar Metal Concentration (Dry Basis)  =  Biosolids Metal Concentration (Dry Basis)  *  Transformation Factor  
 
For example, if the concentration (on dry basis) of Cadmium in the biosolids sample is 2.3, the concentration of Cadmium in 
the biochar after pyrolysis is calculated as:   2.3 *  1.42 =  3.27 

 



 
 

 
The table below shows the estimated values of metals concentration in biochar for the Edmonds WWTP in Edmonds, WA. 
(Data source: Edmonds Biosolids Analysis, Attachment B) 
 

All units mg/kg dry  Biosolids  Transformation factor  Biochar (estimated)  EPA Limit 

Arsenic  1.96  1  1.96  75 

Cadmium  0.143  1.42  0.20  85 

Chromium   11.8  2.05  24.19  - 

Cobalt   NA  2.05  NA  - 

Copper  NA  1.95  NA  4300 

Lead  11.4  2.18  24.85  840 

Molybdenum  NA  1.39  NA  75 

Mercury  0.281  0  0  57 

Nickel  8.28  2.39  19.79  420 

Selenium  NA  1.32  NA  100 

Zinc  NA  2.09  NA  7500 

Boron  NA  2.23  NA  - 

Chlorine  NA  0.54  NA  - 

Sodium  NA  2.40  NA  - 

Iron  NA  2.47  NA  - 

Manganese  267  2.66  710.2  - 

Conclusions 
 

Since pyrolysis of biosolids has only been introduced in the United States in 2016 by Bioforcetch Corporation, biochar from 
biosolids is not defined in the regulations  “PART 503—STANDARDS FOR THE USE OR DISPOSAL OF SEWAGE SLUDGE” . 
At the time the only technology used for the disposal of the biosolids (other than land application or landfill) was 
incineration. The thermal process that occurred during the incineration (biosolids burning) transforms the biosolids into 
ashes. As a consequence of this process, the regulation does not consider the ashes as biosolids anymore. Similarly, the 
thermal process that occurs during the pyrolysis process (thermochemical decomposition) transforms the biosolids into 
charcoal (commercially called biochar), which can be utilized not only as a soil amendment but also as binder for plastic 
composites, filler for cements, media for filtration of air or water, and many other industrial applications. When the regulation 
was written (Feb. 19, 1993) the pyrolysis process was not considered feasible for the biosolids treatment, so no regulations 
were written about pyrolysis of biosolids or biochar.  
Even if biochar would be considered “Treated Biosolids”, the analysis shows that the “Bioforcetech Biochar” can be applied 
as a soil amendment under the  PART 503 regulations, since all the metals concentration are far below the limits imposed by 
the EPA. 
 
 

 



 

 
Bioforcetech BDB 550+ 
Biosolids derived biochar : Natural soil amendment for the Carbon 
Farming revolution 

   
Biochar is charcoal residue that is produced through modern pyrolysis process, which is the direct thermal 
decomposition of biomass in the absence of oxygen. 
When biochar is used as  soil amendment , the soil significantly improves: 

• texture, structure, porosity, and consistency of the soil • pore-size distribution 
• particle-size distribution 
• density and packing 
• pH, electrical conductibility  
• nutrient availability 
• nutrient retention (reduce nutrients runoff) 
• water retention 

 
The “Bioforcetech BDB 550+”, is a biochar produced from a constant feedstock with the most advanced pyrolysis 
system available on the market: the Bioforcetech P-FIVE Pyrolysis machine. 
( http://bioforcetech.com/pyrolysis.html ). This guarantees consistent production of high quality biochar, all year 
long. 
 
Production plant: 

 
Location Redwood City, California 
Company Bioforcetech Corporation 
Production 1.8 ton/day (600 ton/year) 
 
Bioforcetech BDB 550+, Analysis: 

 
Test type International Biochar Initiative (IBI) test 
Lab name  Control Laboratories, Watsonville CA 
 
Moisture (time of analysis)  2 % wet wt.  ASTM D1762-84 (105c)  
Bulk Density  20.1 lb/cu ft  
Organic Carbon  28.6 % of total dry mass  Dry Combust-ASTM D 4373  
Hydrogen/Carbon (H:C)  0.48 Molar Ratio H  Dry combustion/C(above)  
Total Ash  64.3 % of total dry mass  ASTM D-1762-84  
Total Nitrogen  2.40 % of total dry mass Dry Combustion  
pH value  8.42 units  4.11USCC:dil. Rajkovich  
Electrical Conductivity (EC20 w/w)  1.396 dS/m  4.10USCC:dil. Rajkovich  
Liming (neut. Value as-CaCO3)  10.5 %CaCO3  AOAC 955.01  
Carbonates (as-CaCO3)  1.5 %CaCO3  ASTM D 4373  
Butane Act.  1.0 g/100g dry  ASTM D 5742-95  
Surface Area Correlation  166 m2/g dry  
Mercury ND EPA 7471 
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Test type Metals leaching test (STLC) 
Lab name  Torrent Laboratory, Milpitas, CA 

 
  Metal  Method   DF     MDL    PQL      Results   

 
Corn plant tests:  
Multiple tests have been done with the Bioforcetech BDB 550+. The last experiment has been executed in the 
month of September 2017. The chart and picture below, show the difference between the control (organic soil with 
no fertilizer), and organic soil with 25% of BDB 550+. It is worth to notice, that the water collected from the bottom 
of the pots, after irrigation with water+fertilizer (only applied on day 20th), shows a total absorption of nutrients by 
the soil with biochar, and a great loss of nutrients (runoff), by the control (see picture below). 

 



 

 
 

Photos:  
 

Picture 1) Corn plants, 3 weeks after germination.  

 
Picture 2) Water collected at the bottom of the pot after irrigation.  

 

 



 

 
 
Picture 3) Biochar BDB 550+. 

 



Am Test Inc.
13600 NE 126TH PL
Suite C
Kirkland, WA 98034
(425) 885-1664
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May  3 2018
City of Edmonds WWTP
200 2nd Ave. S
Edmonds, WA  98020
Attention:  JEANNE MCKENZIE

Dear JEANNE MCKENZIE:

Enclosed please find the analytical data for your project.

The following is a cross correlation of client and laboratory identifications for your convenience.

CLIENT ID MATRIX AMTEST ID TEST
DEWATERED SLUDGE GRAB 0900 HRS Biosolids 18-A005926 CONV, Moisture, TVS-s, ash, MET, Hg-CV,

c-s-sublet, H-s-sublet, N-s-sublet,
O-s-sublet, S-s-sublet

DEWATERED SLUDGE GRAB 1300 HRS Biosolids 18-A005927 CONV, Moisture, TVS-s, ash, MET, Hg-CV,
c-s-sublet, H-s-sublet, N-s-sublet,
O-s-sublet, S-s-sublet

DEWATERED SLUDGE GRAB 1700 HRS Biosolids 18-A005928 CONV, Moisture, TVS-s, ash, MET, Hg-CV,
c-s-sublet, H-s-sublet, N-s-sublet,
O-s-sublet, S-s-sublet

DEWATERED SLUDGE COMPOSITE Biosolids 18-A005929 CONV, Moisture, TVS-s, ash, MET, Hg-CV,
c-s-sublet, H-s-sublet, N-s-sublet,
O-s-sublet, S-s-sublet

Your samples were received on Friday, April  6, 2018. At the time of receipt, the samples were logged
in and properly maintained prior to the subsequent analysis.

The analytical procedures used at AmTest are well documented and are typically derived from the protocols of
the EPA, USDA, FDA or the Army Corps of Engineers.

Following the analytical data you will find the Quality Control (QC) results.

Please note that the detection limits that are listed in the body of the report refer to the Practical
Quantitation Limits (PQL's), as opposed to the Method Detection Limits (MDL's).

If you should have any questions pertaining to the data package, please feel free to conact me.

Sincerely,

Kathy Fugiel
President

BACT = Bacteriological
CONV = Conventionals

MET = Metals
ORG = Organics

NUT=Nutrients
DEM=Demand

MIN=Minerals
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Am Test Inc.
13600 NE 126TH PL
Suite C
Kirkland, WA 98034
(425) 885-1664
www.amtestlab.com
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Analytical
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ANALYSIS REPORT

City of Edmonds WWTP Date Received: 04/06/18
200 2nd Ave. S Date Reported:  5/ 3/18
Edmonds, WA  98020
Attention:  JEANNE MCKENZIE
All results reported on a dry weight basis.

         _________________________________________________________________________________________________

AMTEST Identification Number 18-A005926
Client Identification DEWATERED SLUDGE GRAB 0900 HRS
Sampling Date 04/05/18, 09:00

Conventionals dry weight
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Lower Heating Value LHV 8380 BTU's/lb 120 ASTM D5865  Sublet 04/16/18

Conventionals
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Total Solids 20.4 % 0.1 SM 2540G  DS 04/09/18
% Moisture 79.6 % 0.1 SM 2540G  DS 04/09/18
Total Volatile Solids 81.9 % 0.1 SM 2540-G  DS 04/09/18
Ash 18.1 % 0.1 SM 2540G  DS 04/09/18

Ultimate
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Carbon 42.7 % 0.49 ASTM D5373  Sublet 04/16/18
Hydrogen 6.2 % 0.49 ASTM D5373  Sublet 04/16/18
Nitrogen 4.5 % 0.49 ASTM D5373  Sublet 04/16/18
Oxygen 29.0 % 0.49 ASTM D5373/calc  Sublet 04/16/18
Sulfur 0.36 % 0.49 ASTM D4239  Sublet 04/16/18

P.2



City of Edmonds WWTP
Project Name:
AmTest ID: 18-A005926

Total Metals
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Acid Digestion Y SW-846 3050B  KQ 04/17/18
Arsenic 1.96 ug/g 1.43 EPA 6010D  KQ 04/25/18
Cadmium < 0.143 ug/g 0.143 EPA 6010D  KQ 04/25/18
Chromium 11.8 ug/g 1.43 EPA 6010D  KQ 04/25/18
Manganese 267. ug/g 1.43 EPA 6010D  KQ 04/25/18
Nickel 8.28 ug/g 1.43 EPA 6010D  KQ 04/25/18
Lead 11.4 ug/g 2.85 EPA 6010D  KQ 04/25/18
Vanadium 6.96 ug/g 2.85 EPA 6010D  KQ 04/25/18
Hexavalent Chromium < 0.25 ug/g 0.74 EPA 7196  KF 04/17/18
Mercury 0.281 ug/g 0.05 SW-846 7471B  DS 04/10/18

         _________________________________________________________________________________________________

AMTEST Identification Number 18-A005927
Client Identification DEWATERED SLUDGE GRAB 1300 HRS
Sampling Date 04/05/18, 13:00

Conventionals dry weight
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Lower Heating Value LHV 8040 BTU's/lb 120 ASTM D5865  Sublet 04/16/18

Conventionals
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Total Solids 21.4 % 0.1 SM 2540G  DS 04/09/18
% Moisture 78.6 % 0.1 SM 2540G  DS 04/09/18
Total Volatile Solids 80.8 % 0.1 SM 2540-G  DS 04/09/18
Ash 19.2 % 0.1 SM 2540G  DS 04/09/18
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