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Important information 
 

Accend AS has prepared this document on behalf of P4S. The rights to the information herein are held 
by the owner, P4S. Copying and distributing the contents are not permitted without the owner's 
permission.  

Accend has prepared this document to describe the project's attributes and ascertain the net CO2 
sequestration potential. It contains a carbon footprint calculation for the biochar using the life cycle 
assessment (LCA) approach in accordance with ISO 14067 and the Puro. Earth biochar methodology.  

Disclaimer: The author has taken every reasonable care to ensure that the contents accurately and 
fairly represent the product's carbon footprint, based upon the received production data and using 
industry best practices. However, the author disclaims all responsibility for the consequences of 
actions taken by any third party, directly or indirectly, based on the information in this document. This 
document has not been 3rd party verified.   
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Abbreviations 
 

C Carbon 

CH4 Methane 

CO2 Carbon dioxide  

CO2e Carbon dioxide equivalent 

CORC CO2 Removal Certificate 

Corg Organic Carbon 

m3 Cubic meter  

GAC Granulated activated carbon 

GHG Greenhouse gases 

GWP Global Warming Potential 

GWPBio Carbon dioxide only released from the combustion of biogenic materials (eg wood) 

H Hydrogen 

ISO International Organization for Standardization 

kg kilogram 

KWh Kilowatt hour 

LCA Life Cycle Assessment 

LCI Life Cycle Inventory 

LCIA Life Cycle Impact Assessment 

m meters 

m3 cubic meters 

MC moisture content 

MJ megajoule 

O Oxygen 

Tonne*km metric tonne kilometres 
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Glossary of terms 
 

Allocation – A way of dividing emissions and resource use among the different products of a process. 
The partitioning can be made on a weight basis, energy content, or economic value. 

Cradle-to-gate – LCA model which includes the upstream part of the product life cycle, i.e. all steps 
from raw material extraction to product at the factory gate. 

Cradle-to-grave – LCA model which includes all the product life cycle, from production and supply of 
the biomass, from biomass conversion to biochar, and from biochar distribution and use. 

Declared Unit - Quantity of a product for use as a reference unit, e.g. mass, volume, for the expression 
of environmental information needed in information modules. 

Functional unit – expresses the function of studied product in quantitative terms and serves as basis 
for calculations. It is the reference flow to which other flows in the LCA are related. It also serves as a 
unit of comparison in comparative studies. 

Life cycle assessment (LCA) – Method for the environmental assessment of products covering their 
lifecycle from raw material extraction to waste treatment 

Life cycle inventory (LCI) – LCA phase that quantifies relevant inputs and outputs of a product system 
over its life cycle. Some assessments can go as far as an inventory analysis without including impact 
assessment. 

Life cycle impact assessment (LCIA) – Phase of an LCA study during which the environmental impacts 
of the product are assessed and evaluated. 

Modules A1, A2, A3, A4 and B1 – LCA model of the product life cycle stages according to Puro.earth 
methodology. 

System boundary – A set of criteria that specifies which processes are part of a product.  

Global warming potential (GWP) - The capacity of a gas to contribute to the global warming. GWP is 
a method to compare the global climate change effects of different greenhouse gases relative to CO2.  
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Summary description  
 
P4S has teamed up with Cirwinn, a recycling company in Almere, Netherlands, to establish a biochar 
and energy production centre. The facility produces biochar for agriculture, energy for industrial 
companies, carbon removal credits, and aggregate for the concrete industry by utilising woody 
biomass from the local region. The biomass sources include felling and pruning off-cuts, maintenance 
and thinning wood, construction and demolition (C&D) wood, and unusable pallets. The biomass is 
subjected to pyrolysis and converted into biochar, with the heat generated during the process used 
for drying the raw materials and exported to district heating clients.  
 

  

Figure 1 Illustration of the facility 

a. Project Location 
 

The P4S facility is co-located with the recycling company Cirwinn, Almere's recycling and upcycling 
centre. Almere is about 30km east of Amsterdam in the province of Flevoland in The Netherlands. 

 

 
 

Figure 2 Project location 
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b. Project ownership 

P4S is a privately owned company. The shareholders are:  

1. Sushant Bhoendie, Director and CFO. (23) Sushant Bhoendie | LinkedIn 
 

2. Frank de Bruijn, Managing partner at Lassche & de Bruijn BV. (23) Frank de Bruijn | 
LinkedIn 

 
3. Cees-jan Ruitenberg, shareholder at Ruitenberg Ingredients BV. (23) Cees Jan Ruitenberg 

| LinkedIn 
 

c. Project proponent and participants 
 

For the implementation of the project, P4S is working together with multiple partners 
 
 
 
 
 
 
 
 
 
 
The Municipality of Almere is working towards becoming a waste-free and energy-neutral city. Its 
goal is to make residual flows valuable through upcycling and turn them into new raw materials 
and products, turning waste into valuable resources for the future. The municipality has agreed 
to supply woody biomass to P4S for multiple years to maximise the upcycling of the biomass in its 
region. The "Energy on Upcycling" program aligns with Almere's vision of becoming the greenest 
and healthiest city in the region. 
 
 
 

 
 

 
 

 

 

Cirwinn recognises the damaging impact of waste on the environment and the importance of 
sustainable waste separation. Its ambition is to maximise the return from waste by utilising 
various types of waste as new raw materials, reusable building materials, and some waste as fuel 
for sustainable energy production. As a specialist in woody biomass handling, Cirwinn takes care 
of pre-processing to ensure that the feedstock meets the requirements for the P4S installation. 

 

https://www.linkedin.com/in/sushant-bhoendie-03078b9/
https://www.linkedin.com/in/frank-de-bruijn-95786b/
https://www.linkedin.com/in/frank-de-bruijn-95786b/
https://www.linkedin.com/in/cees-jan-ruitenberg-5894726/
https://www.linkedin.com/in/cees-jan-ruitenberg-5894726/
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"Buitenvaart Duurzaam" is a collaboration of greenhouse operators aiming to promote 
sustainable and future-focused horticulture in Almere-Buiten. The greenhouses can utilise biochar 
as a fertiliser instead of natural gas-based fertilisers, capture heat for greenhouse use, and recycle 
green waste into the project, significantly advancing the region's sustainability and circularity. 

 

 
Horizon is the regional development agency for the province of Flevoland, and its team of 
professionals provides support to both foreign and local entrepreneurs. The goal is to establish a 
conducive environment for long-term and sustainable international economic growth in 
Flevoland. Horizon actively contributes to the P4S project by offering finance and connecting 
networks within the province. 

 

 
 

The Province of Flevoland aims to achieve complete energy neutrality by 2030 and CO2 neutrality 
by 2050, aligning with the global goals set in the Paris Agreement. The province supports the P4S 
project with advice, assistance and financing.  
 

 
 

The Groenfonds (Green Fund) helps finance projects that enhance the green living environment, 
including nature and landscape quality, air, water, biodiversity, and nature experience. 
Groenfonds actively supports the P4S project with financing and advice. 
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"Kansen voor West" is a collaboration between the four Randstad provinces (North and South 
Holland, Utrecht, and Flevoland) and the major cities of Amsterdam, The Hague, Rotterdam, and 
Utrecht. They've joined forces to stimulate the regional economy in the Randstad in a sustainable, 
innovative way through subsidising businesses in the area. The European Regional Development 
Fund (ERDF) primarily funded the program. Due to its sustainable, circular, and innovative nature, 
P4S has received financial support from "Kansen voor West". 

 
 

 
 

Carbon Technik Schuster GmbH is the technology supplier for the project. They boast 20 years of 
plant engineering and carbonation technology expertise, resulting in robust and modularly 
expandable plant concepts. 

 
 

 
 

 
Carbex GmbH is a leading manufacturer of biochar-based products based in Dischingen, Germany. 
Offering a wide selection of biochar and biochar-based solutions, Carbex is dedicated to helping 
its clients achieve maximum sustainability outcomes through soil fertilisation and CO2 and water 
retention. The company works closely with P4S to help them tap into high-value sales 
opportunities in this growing field. 

 
 

 
 
 
 
Accend AS acts as the carbon project proponent and registered marketplace participant on the 
Puro.Earth platform for the P4S project. Their role in the project involves conducting an 
independent lifecycle assessment to showcase the net carbon capture of biochar and marketing 
the carbon credits. 
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d. Crediting period 
 

The facility is expected to begin biochar production by 01.01.2024 and has an expected functional 
lifetime of 20 years. Puro.Earth CORCs will be issued ex-post. The first issuance of ex-post CORCs 
is scheduled for September 2024. After that, the facility expects to issue carbon credits for the 
lifetime of operation. Pre- can be issued for future production. These digital assets can be traded 
but are not ex-ante credits and cannot be used for net-zero claims until they are swapped for 
CORCs.  
 

e. Project Scale and Estimated GHG Emission Removals 
 

The project plans to produce biochar at a large scale: 
 

Year 
Biochar (dry 
tonnes) 

Tonnes CO2/tonne (net) Tonnes CO2 removal 

2024 1320 3.04 4009 

2025 1320 3.04 4009 

2026 1320 3.04 4009 

2027 1320 3.04 4009 

2028 1320 3.04 4009 

2029 1320 3.04 4009 

2030 1320 3.04 4009 

2031 1320 3.04 4009 

2032 1320 3.04 4009 

2033 1320 3.04 4009 

Figure 3 Planned production of biochar and carbon credits 

 

f. Detailed description of the project activity 
 

The biochar installation is designed and built by Carbon Technik Schuster GmbH (CTS) under an 
EPC contract, including guarantees on performance and SLA. CTS is a German company with a 
great deal of experience in developing installations for the thermal processing of bio-based raw 
materials. CTS's customers operate numerous biochar production facilities in Europe. P4S will 
operate the CTS-40 integrated biochar and energy unit with a production capacity of 1650 
tonnes/year and up to 10 GWh of heat. The CTS 40 comprises four vertical kilns, an e-flox 
combustion unit for converting syngas, a thermal exchanger and a drying system for the feedstock. 
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.  

Figure 4 CTS 40 installation 

 

 

Figure 5 Schematic diagram CTS 40 

 
 

The feedstock for the process is woody biomass from the local area. The biomass comprises 
approximately 1/3 pruning off-cuts and maintenance and thinning wood, 1/3 Construction and 
Demolition wood and 1/3 unusable pallets. The recycling company shreds the wood, which 
removes sand and stones. These aggregates are used for concrete. The biomass is then dried 
before pyrolysis using heat from the combustion of syngas from the pyrolysis process.  
 
Pyrolysis is a thermal decomposition process without oxygen, breaking organic materials into 
syngas, biochar and often tars. It is often used to convert waste materials, such as plastic and 
biomass, into usable fuels and chemicals. The CTS 40 system does this by heating the biomass in 
an oxygen-free environment as it descends through the kiln. The released syngas is combusted in 
the e-flox to generate heat to sustain the process, dry the biochar and export to customers. 
Consumers of heat are district heating, nearby greenhouses and companies.  
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Figure 6 Process overview 

Pyrolysis of organic matter produces biochar with carbon that is much more stable and long-
lasting than the original organic material. Once applied to soil, the carbon in biochar can remain 
for centuries or even millennia, whereas organic matter introduced to soil in an unsaturated state 
decomposes within years or decades, releasing CO2 into the atmosphere. Additionally, biochar has 
been shown to enhance crop yield, particularly in nutrient-poor soils, and to reduce the leaching 
of fertilisers and emissions of N2O, a potent greenhouse gas, from the soil. After exiting the kiln, 
the biochar is quenched and bagged in polypropylene "Big Bags" ready for distribution. The 
biochar will be sold to distributors for use as soil amendments.  

 
Preliminary tests run with similar feedstock and identical machinery indicate that the biochar will 
maintain very high quality as a carbon sink. With the following indicators:  

 

Indicator Value Unit 

Organic Carbon content 93.2 % 
Surface area 381 m2/gr. 

Stability H/Corg 0.19  

Bulk density 317 kg/m3 

   

Figure 7 Biochar quality indicators 

An essential quality indicator for biochar's utility as a carbon sink is the ratio of carbon to 
hydrogen. This ratio reflects the biochar recalcitrance to organic decomposition. According to 
research by Woolf, Lehman et al. (2021), char with a H/C ratio below 0.2 degrade hardly at all after 
application to soil. The results that P4S have achieved using the CTS 40 system on similar 
feedstocks are very encouraging. 
 

g. Baseline scenario - Conditions Before Project Initiation 
 

• The site is currently used as a recycling centre. There is space for the facility on site. A new 
building will be erected to house the biochar facility. 

• The feedstock is currently transported 200 km to an incineration facility, where it is 
presently combusted for electrical and heat energy.  

The baseline for the feedstock is combustion and release of CO2 to the atmosphere. 
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h. Compliance with Laws, Statutes and Other Regulatory Frameworks 
 

P4S' activities will comply with all legal requirements. P4S has received a permit for building the 
facility from the Municipality of Almere. Stringent local regulations limit the release of NOx; 
therefore, P4S plans to install a De-NOx system in the CTS 40 biochar production unit. P4S fulfils 
the environmental requirement, and permit applications are undertaken.  

 

i. Sustainable Development Contributions 
 

P4S biochar facility will contribute to the achievement of the Sustainable Development Goals in 
the following ways: 

 

 

Excess energy will be sold to neighbouring customers and used onsite. Biomass energy is 
considered renewable when the origin of the feedstock is sustainable, which is assured in this 
case.  

 

 

P4S will remove and permanently sequester approximately thousands of tonnes of CO2 per year 
in biochar. 
 
 

 

Applying biochar to agricultural fields increases nutrient and water retention, reducing the 
amounts of phosphorous and other nutrients leaching into waterways. 
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Biochar is a powerful soil amendment which can improve soil health.  
 

 

Biochar reduced the need for fossil fuel-based fertilisers. P4S will be upcycling low-value 
biomass into high-value products. 

 

j. Safeguards – no net harm, local stakeholder consultation, environmental impact, 
 

The local municipality and province initiated the project to preserve high-quality woody biomass 
from being used for district heating in combustion plants. The stakeholders in the area support 
the project for its sustainable and circular approach. The raw materials are sourced only from the 
nearby area. The processing takes place locally, reducing transportation miles and minimising 
carbon footprint. The facility doesn't rely on a gas connection and sources its electricity from 
renewable sources. The installation also has a highly effective DeNOx system to prevent nitrogen 
oxide pollution. P4S has undertaken a 4-year process of consultation with relevant stakeholder 
groups. The project is supported at the municipal, provincial and regional levels, many of whom 
are listed as project participants: 
 

• Province of Flevoland 

• Municipality of Almere 

• Raw materials collective Almere 

• Local greenhouses and horticulture collectively 

• Green Fund Netherlands 

• Heat company Almere 

• Local adjacent businesses 

It has been ensured that: 

• The initiative elevates the value of raw materials. 

• Transportation emissions are reduced. 

• The environment benefits from sustainable heat. 

• High-quality technology is paired with durable and innovative job opportunities. 
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Application of Puro.Earth methodology for CO2 removal - biochar 
 

The production of biochar by P4S will be performed in accordance with the eligibility 
requirements for the Puro biochar methodology, as follows: 

 

• The produced biochar is not used for energy purposes. The biochar will be distributed as 
a soil amendment for agricultural applications.  

• The feedstock for the process is made of up woody biomass from the local area, 
approximately 1/3 pruning off-cuts and maintenance and thinning wood, 1/3 construction 
and demolition wood and 1/3 unusable pallets. 

• The facility will apply for EBC certification, and all process emissions have been calculated 
in the LCA. Using the "Cradle-To-Grave" approach, the following emissions have been 
considered: stack emissions, manufacturing, transport to the customer and application of 
the biochar. 

• Pyrolysis gases are captured and combusted to maintain the carbonisation process. The 
remaining gases are combusted and exhausted with heat capture. An advanced de-NOx 
system will be installed. The anticipated exhaust emissions have been analysed and 
quantified.  

• Based on the laboratory analysis of comparable feedstock and identical pyrolysis 
equipment, the biochar is expected to have a H/Corg molar ratio of 0.19, which is 
significantly below the threshold value of <0.7 and indicates an extremely high level of 
stability. 

• P4S will implement appropriate measures to ensure the biochar's safe storage and 
transport. To satisfy German transport regulations, the biochar will be quenched to 20% 
moisture content before storage and transport.   
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Additionality 

 

P4S' biochar facility at Almere will be able to comply with the additionality requirements of Puro.Earth 
Standard: 

 "CO2 Removal Supplier shall be able to demonstrate additionality, meaning that the project must 
convincingly demonstrate that the CO2 removals are a result of carbon finance. Even with substantial 
non-carbon finance support, projects can be additional if investment is required, risk is present, 
and/or human capital must be developed. To demonstrate additionality, CO2 removal Supplier must 
provide full project financials and counterfactual analysis based on Baselines that shall be project-
specific, conservative and periodically updated. Suppliers must also show that the project is not 
required by existing laws, regulations, or other binding obligations." 

And the Puro. Earth biochar methodology: 

"The Production Facility Auditor checks that the Production Facility is able to demonstrate 
additionality, meaning that the project must convincingly demonstrate that the CO2 removals are a 
result of carbon finance. Suppliers must also show that the project is not required by existing laws, 
regulations, or other binding obligations." 

The facility is under planning. The business plan relies on carbon credits for ~35% of total revenue. 
The project's ability to secure debt finance depends on carbon credit revenue.  

The revenues streams generated through the sale of biochar carbon credits will be used as follows: 

1. To partially finance the CAPEX required for the facility. 

2. To partially finance the operating expenditure at the facility 

3. Collateral for debt-finance. 

 

a. Financial planning and impact of carbon credits revenue 
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Life Cycle Assessment – Quantification of GHG removals 
 

Life cycle assessment (LCA) is an internationally accepted method to analyse the inputs and outputs 
of a product system or process and the corresponding effects they might have on the environment, 
health and resources. LCA is an objective process to evaluate a product’s life cycle by identifying and 
quantifying energy and materials used and emissions and wastes released to the environment; to 
assess the impact of those energy and materials uses and releases on the environment, and to 
evaluate and implement opportunities to effect environmental improvements. LCA studies can 
evaluate full product life cycles, often referred to as “cradle to grave”, or incorporate only a portion 
of the product's life cycle, for example, the “cradle-to-gate” approach. This study can be categorised 
as a cradle-to-grave LCA as it considers the impacts from waste once collected at the recycling facility 
gate to the use of biochar.  

 

a. Goal and scope 
 

The primary goal is to generate a cradle-to-grave assessment of life cycle greenhouse gas emissions, 
quantifying the CO2 removal from the biochar produced by P4S, assessing energy and material inputs 
and outputs associated with the entire biochar production and allocating the system in order to 
consider the energy generated.  

The global warming impact category is the only one considered in this report. A calculation of the 
carbon footprint of the biochar has been carried out in accordance with ISO 14040, 14044 and 14067, 
where applicable and the Puro Earth methodology for biochar edition 2022. 

The functional unit is 1 metric tonne (1000 kg) of dry biochar used in soil applications.  

The analysis is carried out using primary and secondary data and with the assumption of conservative 
hypotheses. 

The audience for the results of this report is P4S, Puro.Earth marketplace and third-party auditors and 
potential carbon credit buyers. 

 

b. System boundary 
 

The system boundary that has been selected is depicted above and is defined using the “cradle to 
grave” approach. The system boundary of this study accords to the methodology requirements. 
Following the modular approach as shown in Figure 8. 
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Figure 8 System boundary 

c. Carbon Baseline 
 

The baseline usage of the feedstock is combustion for thermal and electrical energy at a facility 200km 
from Almere. The likely scenarios for the replacement of this energy requirement have been 
considered. The Netherlands' energy transition plan is heavily dependent on increased offshore wind 
power as a substitute for biomass and gas power production and to cover the demand for increased 
electrification. Green hydrogen is expected to replace the thermal energy requirements and be used 
as a battery for periods with excess energy. The project does not expect that biochar installation will 
increase fossil fuels consumptions elsewhere, which could cause carbon leakage 

 

d. Cut-off criteria and allocation 
 

If the mass/energy of a flow is less than 1% of the model flow’s cumulative mass/energy, it may be 
excluded, provided its environmental relevance is minor. The following exclusions have been made 
from the system boundaries and therefore not accounted for in this LCA: 

• Waste upstream processes, such as waste collection and transport to management are 
outside of the system boundaries as they are assigned to the previous system.  

• Capital goods other than the pyrolysis unit, with the exception of those considered by the 
Ecoinvent database 

• Ancillary materials (e.g. lubricants, cleaning agents, etc.) and renewable diesel consumption 
for internal transport and handling big bags, as at this stage of the project they are unknown 

• Research and development activities 

• Human labour 

• Substitution of fossil-based heat and primary sourced aggregate 
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Allocation is the method used to partition the environmental load when several products or functions 
share the same process. P4S production system generates various co-products, biochar and heat, so 
the processes are allocated to express the results for the biochar. Moreover, in order to express the 
inventory data and results per dry biochar, a mass allocation has been done on several stages. 

Net system co-products (once internal usage has been deduced) have been allocated based on energy 
using the calorific value. For the biochar the net calorific value has been calculated as 32.09 MJ/kg: 

• Biochar: 54% 

• Heat: 46% 
 

e. Calculation of CO2 removal 

 
The CO2 removal potential of the biochar is derived using the formula defined by Puro.earth biochar 
methodology version 2.4.1: 
 

 

Figure 9 Overall equation to calculate the amount of CORCs supplied by the biochar production 
activity over a given reporting period. 

The quantity of biochar produced and sold to non-energy users is multiplied by the carbon content of 
the biochar, considering the buffer for degradation. The product is the quantity of CO2 removed for a 
100-year time duration. From this total, we deduct emissions from the feedstock pre-treatment, the 
manufacturing process and emissions from the transportation of the biochar to the application site 
and its application. The result is the net number of tonnes of CO2 equivalent removed, which is the 
basis for the number of CORCs. 

 

f. Quantity of biochar  

 

The production capacity of the plant is planned to be of 1650 tonnes biochar/year (1320 tonnes dry) 
and up to 10 GWh of heat sold. 

 

g. Estored. Gross capture of GHG in biochar 
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The methodology for calculating the gross CO2 capture of biochar relies on the laboratory analysis of 
the carbon content of the biochar to approximate the CO2 capture during the photosynthesis of the 
biomass growth phase. 

One tonne of carbon is equivalent to 3.6667 tonnes of CO2. The formula for converting fixed carbon 
to CO2 is 44/12 as a result of the molecular weight of CO2 and C, using the molar mass of each atom 
(CO2 = carbon atom that weighs 12 g/mol + two oxygen atoms that each weigh 16 g/mol). 

3rd party laboratory analysis of biochar samples demonstrates a carbon content of 93.2% in the dry 
state. The mass of CO2 that can be said to be contained in each unit of biochar from P4S can therefore 
be expressed as 3.6667*0.932 = 3.42 tonnes CO2/tonne of biochar. 

When applied to soil, biochar degrades slowly following a half-life depletion curve. The Puro Standard 
methodology proposes the model presented by Woolf et al (2021) to estimate the depletion rate over 
100 years time using soil temperature, carbon content, and molar H/C ratio as input factors. 

 

Where,  

Estored is the CO2 sequestered in the biochar, Qbiochar is the amount of biochar produced, Corg is 
the organic carbon content of the biochar produced, Fp

TH,Ts is the permanence factor of 
biochar organic carbon over time in a given soil and 44/12 is the ration between the molar 
mass of CO2 and the molar mass of C.   

and  

 

where, 

𝑐 and 𝑚 are regression coefficients, a function of the time horizon 𝑇𝐻 and the soil 
temperature 𝑇s, provided by the Puro.earth methodology and H/Corg is the molar ratio 
resulting from dividing the hydrogen mass content by the organic carbon mass content of the 
biochar, and multiplying this with the ratio of carbon molar mass (12 g/mol) over hydrogen 
molar mass (1 g/mol). 

The permanence factor is 97.6% is derived from the H/Corg ratio of 0.19, indicating a good level of 
stability, and the expected soil temperature of the area of application, 11°C (average soil temperature 
for the period 1991-2010 in measurement stations in Baden-Wüttenberg, Germany, DWD, 2019). 

The mass of CO2 stored in the biochar that is expected to be removed from the atmosphere for 100 
years is calculated to be 4403 tonnes per year assuming a production of 1320 dry metric tonnes of 
biochar, or 3.34 tonnes of CO2 per tonne of dry biochar. From this quantity, the emissions related to 
the biochar’s production must be deducted to ascertain the net CO2 removal and the climate impact. 

 

h. Ebiomass. Emissions form biomass production and supply (Module A1) 

 

100% of consumed feedstock is pruning off-cuts and maintenance and thinning wood, Construction 
and Demolition wood and unusable pallets, which are considered waste; therefore, no emissions are 
calculated. 
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However, the emissions related to the production of the packaging have been accounted for. P4S uses 
big bags made from polypropylene for the storage and transportation of the biochar. The emissions 
related to the production of these bags are calculated using a global emission set from Ecoinvent 3.9.1 
for polypropylene. Emissions related to the production of the bags is estimates at 11 kg of CO2e/tonne 
of dry biochar.  

 

i. Ebiomass. Pile emissions (Module A1) 

 

Amount of feedstock piled can vary throughout the year but on average it is around 3 weeks, stored 
on a covered storage area. So no relevant emissions are generated and therefore they are not 
calculated.  

 

j. Ebiomass. Transport emissions (Module A2) 

 

All feedstock is already available on location in the Cirwinn local waste and recycling centre, so no 
transport of the feedstock is allocated to the biochar.  

So only the transport of the packaging material has been accounted for. Big bags are directly supplied 
by Carbex to P4S in Almere, being the transport distance of 707 km. Emissions related to the transport 
amount 0.47 kg per CO2e per tonne of dry biochar.  

 

k. Eproduction. Emissions from the manufacturing of the biochar (Module A3) 

 

GHG emissions from the manufacturing process arises from the shredding process performed by 
Cirwinn, physical emissions from the exhaust stack, electricity consumption at the facility, and the 
syngas combustion. Each source has been calculated and considered in the assessment and allocated 
to the biochar, considering that heat is also produced. 

Feedstock shredding consumes renewable diesel that according to the fuel supplier, Neste, has a 
carbon footprint of 0.3 kg CO2e/litre. The amount of fuel required has been calculated based on the 
Ecoinvent v3.9.1 dataset “treatment of waste wood, post-consumer, sorting and shredding, CH” 
energy consumption per kg. The allocated GHG emissions are 2 kg CO2e/tonne dry biochar. 

P4S uses electricity from the grid for the mechanical operation of the reactor, the hammer mill and 
the DeNOx installation. Emissions from electricity have been calculated using the electricity 
generation emission factor for Netherlands in 2021 (European Environment Agency, 2022) and 
allocated to the biochar. GHG emissions from electricity are 143 kg CO2e per tonne of biochar. 

Propane is used to start up the process. Based on comparable operation, the allocated GHG emissions 
from propane consumption to the biochar has been calculated 13.5 kg CO2e/dry tonne biochar.  

Methane (CH4) is a powerful greenhouses gas, the emissions of which are included in biomass-based 
LCA calculations and allocated to the biochar. As no measurements are available, first of all, the direct 
carbon emissions (in the form of biogenic CO2 or CH4) has been calculated based on the biogenic 
carbon balance (carbon input as feedstock – carbon output as biochar). CO2 emissions are considered 
to be carbon neutral, so only biogenic methane is included in the LCI. EPA (2020) emission factor of 
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combustion of wood and wood residuals has been used to get the kg of CO2 and CH4 emitted per tonne 
of fuel (feedstock) to get the ratio CO2/CH4 and calculate the emitted CH4 in the biochar manufacturing 
process. Using GWP values for 100-year time horizon from the IPCC Fifth Assessment Report (Myhre 
et al, 2013) the exhaust emissions allocated to biochar amount to 6 kg CO2e/tonne of dry biochar 
produced. 

The total emissions related to the manufacturing of the biochar and allocated to the biochar therefore 
amount to 164.5 kg CO2e/tonne of dry biochar. 

 

l. Eproduction. Emissions from the infrastructure (Module A3) 

 

Emissions that arise from the production, installation and disposal of the pyrolysor used by the 
product system to manufacture the biochar have been considered. The pyrolysor have been modelled 
using the Ecoinvent dataset “furnace production, wood chips, with silo, 1000kW, CH” and allocated to 
one year and the specific machinery weight, provided by the supplier CTS. The assumed lifetime is 25 
years. 

GHG emissions related to the infrastructure used for one year is 0.05 kg CO2e/tonne of dry biochar 
produced.  

 

m. Euse. Emissions from biochar distribution (Module A4) 

 

The average distance travelled for the packed biochar to customers is 932 km (from P4S to Carbex and 
to final customers). For biochar that gets transported to the application site, greenhouse gases 
emissions from biochar transport have been calculated using the Ecoinvent v3.9.1 dataset “transport, 
freight, lorry >32 metric ton, EURO6, RER”.  

Total biochar transport emissions (Module A4) are 118 kg CO2e per tonne of dry biochar transported. 

 

n. Euse. Emissions from biochar application (Module B1) 

 

The most dominant usage of biochar is in agriculture. It is assumed that the biochar is spread on fields 
in a similar manner to manure, by mechanical means.  

The emissions arising from the application of biochar to soil using tractors have been modelled using 
an Ecoinvent v3.9.1 dataset, “Solid manure loading and spreading, by hydraulic loader and spreader”. 

The biochar application emissions are estimated to be 5 kg CO2e/tonne dry biochar. 
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o. Data quality assessment of emission factors 

Module Inputs LCI Data source Geography Year 
Data Quality 
Assessment 

A1 Polypropylene bags Ecoinvent v3.9.1 Global 2022 Good 
A2 Transport of bags Ecoinvent v3.9.1 Europe 2022 Very good 

A3 Renewable diesel 
Supplier (Neste) 
Ecoinvent v3.9.1 

Netherlands 
Europe 

Unknown 
2022 

Very good 

A3 Electricity 
European 
Environment 
Agency 

Netherlands 2021 Excellent 

A3 Propane 
Accend  
experience 

Accend  
experience 

Accend  
experience 

Fair 

A3 
Pyrolysis and energy 
emission direct emissions 

US Environmental 
Protection Agency 

USA 2020 Fair 

A3 Infrastructure Ecoinvent v3.9.1 Switzerland 2022 Good 

A4 Transport of biochar Ecoinvent v3.9.1 Europe 2022 Very good 

B1 Application of biochar Ecoinvent v3.9.1 Global 2022 Good 
 

p. Results 

 

Figure 10 Pathway from gross to net embodied CO2. Metric tonnes CO2e. 

The calculation carbon content of the biochar, confirmed by chemical analyses, is 93.2% which gives 
a gross sequestration of CO2 of 3.42 metric tonnes/tonne dry biochar.  

Using the Puro.Earth methodology, based on Woolf, Lehmann et al., the 100 year CO2 removal value 
is 3.34 metric tonnes/tonne biochar. 

After deducting the emissions allocated to the packaging, transport, manufacture of the biochar and 
its transport and application, the net CO2 sequestration has been determined.  

The net carbon removal is 3.04 tonnes CO2e/dry tonne of biochar. Given the mass of 1320 dry tonnes 
produced, the resulting total CO2e removed per year would be 4009 tonnes CO2e. 
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Monitoring and validation plan 
 

Carbon credits will be issued by Puro.Earth based on the net carbon removal from the production and 
application of biochar. Once the facility is in production, the LCA will be updated with “real-life” data 
to accurately measure the net carbon capture. The carbon credits will be calculated using the factor 
of net tonnes CO2 removed by each dry metric tonne of biochar. Once the carbon credit calculation is 
completed it will be submitted to Puro.Earth for verification by a third-party auditor. Once the auditors 
have validated the carbon credit calculation, the CORCs can be issued. 

Thereafter, CORCs will be issued monthly or quarterly based on self-reported output data. The self-
reported data will be validated by an independent auditor annually.  

The following parameters will measured: 

• Feedstock consumption 

• Electricity consumption/generated 

• Diesel and other fuel consumption 

• Transport distances and emissions  

• Biochar production mass/volume 

• Moisture content of the biochar 

• Biochar’s chemical stability 

• Sales/distribution of the biochar 

• Energy production and sales 
 

Any changes in these parameters that impact the carbon removal calculations will be accounted for 
in the issuance of carbon credits. 
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1. Excel spreadsheet “LCA calculation P4S v.1”, Accend © 
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