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Motivation
Climate Change Demands Accountability: Reducing greenhouse gas 

(GHG) emissions is critical to addressing global warming. Accurate 
carbon accounting ensures that reductions reported by corporations 
reflect real-world environmental progress.

Carbon Emissions Are Estimated, Not Measured: Therefore, the accuracy 
and certainty of carbon accounting methods is hard to validate. This 
makes it challenging to identify whether emissions are underestimated, 
overestimated, or simply inconsistent.

High Error Margins Undermine Climate Goals: Common methods for 
estimating emissions show error margins between −15% and +20% [1]. 
These inaccuracies can lead to false representations in emission 
reporting, delaying real action and enabling greenwashing.

Objective
This study aims to evaluate the accuracy and uncertainty of corporate 

carbon accounting methods in the absence of known “true” emissions. 
We address this limitation by creating a simulated, idealized carbon 
accounting system – based on real industry data [2]. By comparing 
commonly used methods, namely spend-based, activity-based, and 
hybrid approaches, against this benchmark, we can systematically 
analyze where and how errors arise. This numeric simulation-based 
approach provides a controlled environment to identify typical biases, 
uncertainty ranges, and reliability issues.
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The simulation of the firm is based on real industry data [2]. Based on the 
IPCC guidelines [5] we portray three sectors: A Energy, B Industrial 
Processes and Product Use and C Agriculture and Forestry. 

To model limited information settings, i.e. the estimation methods, 
emissions are pooled according to their categories.

Comparing the limited information settings to the benchmark yields the 
overall accuracy. The uncertainty is measured via a Monte-Carlo-
Simulation utilizing the following relationship. 

𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑑𝑎𝑡𝑎 𝐴𝐷 ∙ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (𝐸𝐹)

Expected Contributions 
We strive to provide comparative insights into the performance of spend-

based, activity-based and hybrid methods, contributing empirical-
based knowledge to the field of carbon accounting.

Further, we aim to offer a framework for assessing errors in carbon 
accounting to inform standard-setting, regulatory guidance, and 
corporate best practice in carbon reporting and disclosure.
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Method
We conduct a numeric simulation 

of the carbon accounting system 
(methodology based on [3]) in 
which we compare the different 
methods. The boundaries of this 
simulation encompass Scope 1 
and Scope 2 emissions as 
defined by the Greenhouse Gas 
Protocol [4].
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