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The article of Silva et al. (2024) on the carbon (C) foot-
print of milk production in the São Paulo state in Brazil 
has raised our attention. The authors included the C uptake 
during photosynthesis, without taking into account the sub-
sequent C release during livestock production and during 
the consumption of the food products. We thank the authors 
for putting forward this highly relevant topic. However, we 
consider this approach as incomplete, leading to a biased 
assessment and finally to misleading conclusions. As this 
is a commonly debated issue, we use the example of the 
dairy systems analysed by Silva et al. (2024) to illustrate the 
problematic of ignoring the temporary characteristic of the 
C storage during photosynthesis.

1 � Biased C accounting

In their assessment, Silva et al. (2024) included the C uptake 
of the vegetation during photosynthesis: “The carbon cap-
tured during the growing process of agricultural products 
was accounted for in the approach that includes carbon cap-
tured during photosynthesis.” However, the authors did not 
take into account that most if not all of this C is released 
within a short time again in the atmosphere. Figure  1 
illustrates the main C flows within a typical dairy farming 
system.

C uptake by the vegetation occurs during photosynthesis. 
Part of this C is directly released again through plant respira-
tion; crops are in fact C sinks during the day and C sources 
during the night (Machakaire et al. 2023). The net balance 
results in C uptake, which corresponds to the C content of 
the whole plant when harvested (Fig. 1). A part of this C 
enters the soil compartment in the form of crop residues. 
The harvested share of the plant is fed to livestock and is 
considered by Silva et al. (2024) in their C balance account-
ing. However, during livestock production, there are three 
main pathways of C output: (1) emissions to the air mostly as 
CO2, a small share as methane; (2) excretion of C in manure; 
and (3) output of C in animal products (milk and the animal 
bodies of the dairy cow and her calves). Of these emission 
pathways, in Silva et al. (2024), only biogenic methane emis-
sions have been taken into account.

To illustrate the magnitude of the C flows, we refer to 
the study of Felber et al. (2016) who measured the C flows 
of a pasture-based dairy herd. Only ~4% of the C intake of 
a dairy cow was released as methane; the major part was 
emitted as CO2 from animal respiration (58%), followed by 
manure and milk. However, the characterization factor for 
biogenic methane emissions from IPCC (2021) already takes 
into account the fact that this C stems from a photosynthetic 
process, i.e., it considers only the additional global warm-
ing potential (GWP) of methane as compared to the CO2 
removed from the atmosphere by plants during their growth 
and emitted again. In summary, this means that Silva et al. 
(2024) accounted for 100% of the CO2 uptake but none of 
the CO2 emissions.

Livestock products (dairy and meat) for human nutrition 
are highly perishable and therefore stored for a few months 
at maximum. Therefore, most of this C will be released 
within less than a year again to the atmosphere.

C accounting by the IPCC for biogenic C flows relies on 
the principle of accounting for net and persistent changes 
of the CO2 concentration in the atmosphere (IPCC 2019). 
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A temporary storage of C in biomass for days, months, or a 
few years does not lead to a relevant change in atmospheric 
CO2 concentrations. Figure 1 shows that most of the C 
pools have short residence times. Most of the crop biomass 
is decomposed within 1 year. Dairy cows typically do not 
live longer than 5 years on average, and food products are 
consumed within less than a year. Leather and horn prod-
ucts could store carbon over decades, but their relevance 
can be considered negligible. The only compartments with 
residence times of over 100 years are the atmosphere and 
the soil. Crop residues and animal manure could lead to a 
permanent increase of soil organic C (SOC) and therefore 
to C sequestration in the soil. If clear evidence can be pro-
vided for such an effect (e.g., by repeated measurements of 
SOC), this should be included in the C balance. Likewise, 
any decreases in the SOC should also be considered. Grass-
land soils can be C sinks or sources, depending on their 
history and numerous soil, climate, and management factors 
(McSherry & Ritchie 2013).

The authors highlight the difficulty of a complete C 
accounting, and we fully agree with this statement. How-
ever, if biogenic flows are taken into account, the balance 
must be complete at least at the level of inventories between 
reference products and by-products, and only net changes 
in atmospheric CO2 should be considered. This principle 
was not respected in the article of Silva et al. (2024). The 
authors conclude that “Five of the evaluated farms had 

higher captures than emissions and have the potential to be 
considered carbon stores.” We are convinced that this con-
clusion is a consequence of an incomplete C balance, and 
this result would not persist if the C balance was complete 
and conducted in accordance with common methodological 
standards.

2 � Principles of biogenic C accounting

We take the opportunity to recall some of the principles of 
biogenic C accounting, since there is a high potential that 
such biased results are misused by stakeholders to support 
their agenda. The complexity of the topic often leads to con-
fusion and misunderstandings.

•	 Only net and persistent changes of CO2 concentrations 
in the atmosphere should be taken into account.

•	 For temporary storage of C, we recommend consider-
ing only storage for a minimum of 10 years (ISO 2018). 
For most of the agricultural systems, this applies only to 
long-term carbon storage in the soil and wood of trees or 
shrubs.

•	 In case the temporary storage period is less than 
100 years (in case of GWP100, or less than the time hori-
zon considered by the impacts assessment method), the 
impact on climate change should be taken into account 

Fig. 1   Carbon flows in a typical dairy production system. Values in brackets indicate typical carbon residence times in the compartment. Solid 
arrows represent flows included in the article Silva et al. (2024); dashed lines represent ignored flows
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by considering the duration of the storage (see e.g. 
Brandão et al. 2013; BSI, 2011; Leifeld & Keel 2022; 
Leifeld 2023).

•	 If no net and persistent changes occur, the biogenic flows 
can be ignored to simplify the calculation. This has no 
effect on the impact assessment and is therefore consist-
ent with the ISO 14040/14044 standards (ISO 2006a,b).

•	 If biogenic flows are taken into account, the balance must 
be complete (see Fig. 1 as an example). Only taking into 
account C uptake during photosynthesis, without consid-
ering subsequent CO2 emissions from respiration, is not 
good practice.

•	 Biogenic C flows and their impacts on the climate should 
be represented separately, as recommended by ISO 
14067 (ISO 2018).

•	 If biogenic C flows are calculated based on generic LCI 
databases or greenhouse gas accounting tools, the com-
pleteness and correctness of the calculations for the spe-
cific application case needs to be checked thoroughly and 
adapted to case-specific needs.

3 � Challenge to represent biogenic C flows 
in generic LCI databases

In generic LCI databases, the processes of C uptake and 
C release are typically represented by different elementary 
exchanges, properties, unit processes, or datasets. Taking the 
example of dairy production, the feedstuff production would 
be represented by a series of dedicated datasets, the livestock 
production by one or several datasets, and the consequent 
food consumption—if included at all—would be included 
in other datasets. The challenge related to this fact is that 
the flows of C uptake and C release are comparatively large, 
highly uncertain, and modeled in different unit processes. 
This means that a small error can have a high impact on the 
difference. If biogenic CO2 flows are taken into account from 
generic databases, the correctness and completeness of the C 
balance have to be thoroughly checked for the particular case 
of application, and if it cannot be ensured, we recommend 
excluding biogenic CO2 flows. Furthermore, most databases 
do not represent the full life cycle from cradle to disposal of 
waste from human consumption. Thus, the risk of incom-
plete balances is high if biogenic CO2 flows are included.
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