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Background

Consistent and reliable data on company-level greenhouse gas (GHG) emissions are
indispensable for the governance of the climate crisis (Network for Greening the Financial System (2024))

Companies communicate their GHG emissions usually through not standardised and
unstructured reports (PDF format), uploaded to individual company websites instead of
a central repository

Third-party data providers gather data from multiple sources through non-transparent
methods leading to high discrepancy between different providers (Busch et al. (2022))
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Scopes

Figure: Visual illustration of GHGP guidance. Based on World Resource Institute (WRI) and World
Business Council for Sustainable Development (WBCSD), 2011
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Example: Matching table

Figure: Source: Daimler report 2022
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Example: Wrong table

Figure: Source: Daimler report 2022
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Example: Wrong graphic

Figure: Source: Daimler report 2022
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Setup

Deutsche Bundesbank gathered sustainability and annual reports of companies acting
on the European and global level

We focus on a random sample of 124 reports

We focus on metric Scope according to GHGP Protocol and extract from text, table or
graphic

Goal: open-source data extraction pipeline:
1. Find reports ⇒ 2. Extract emissions data ⇒ 3. Save in database
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Data extraction pipeline

1. Embed company report (PDF)
(ada-embedding-002)

2. Retrieve relevant pages
according to search query

(top 3, context window = 1)

3. Prompt LLM with context

Context:

Page’s text only

Page’s text and table
converted to markdown

Anna Steinberg ClimXtract March 26, 2025 8 / 27



Data extraction pipeline (cont.)

1. Embed company report (PDF)
(ada-embedding-002)

2. Retrieve relevant pages
according to search query

(top 3, context window = 1)

3. Prompt LLM with context

4. Parse results
(regex or parser)

5. Evaluate results
using curated gold standard
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Prompt types: QA prompt
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Prompt types: Structured prompt

Figure: Structured prompt with role and objective,
KPI definitions and specifications

Figure: Format instructions for JSON
object output

Anna Steinberg ClimXtract March 26, 2025 11 / 27



Experiments

We perform experiments varying

the input mode (“text“ or “text+table“): only page’s text or page’s text+page’s table
converted to markdown
as well as the prompt type (“qa prompt“ or “structured prompt“)

Preliminary tests on subsample showed best performance of “gpt-4o“ compared to
“gpt-4o-mini“ or “gpt-4-turbo“ ⇒ Results presented for “gpt-4o“

We evaluate our pipeline output against curated gold standard containing ground truth
values for any scope-year combination using

standard information extraction metrics, e.g. precision, on row level
custom metrics on report-level
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Information extraction metrics: Results

Metric
qa prompt

text
qa prompt
text+table

structured prompt
text

structured prompt
text+table

True positives 326 331 310 350
False positives 277 289 508 542
True negatives 4327 4321 4255 4225
False negatives 86 79 50 43
Precision 0.54 0.53 0.38 0.39
Recall 0.79 0.81 0.86 0.89
F1 Score 0.64 0.64 0.53 0.54
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Custom metrics on report level

Report-level aggregates

1 Correct result: All correct values (irrespective of unit)

2 Correct result: No CO2 emissions found

3 Retrieval failure: Incomplete text passed to LLM
4 LLM extracts at least 1 wrong value

1 no ground truth available
2 ground truth on different page

5 LLM extracts 0 or more correct values (non-NA)
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Custom metrics on report level: Results

Result type
qa prompt

text
qa prompt
text+table

structured prompt
text

structured prompt
text+table

Correct: All values ex-
tracted

9 8 12 13

Correct: None found 54 54 37 38

Retrieval failure 2 2 2 2
At least 1 wrong value 16 16 34 33
0 or more correct val-
ues (non-NA)

43 44 39 38

Total number of re-
ports

124 124 124 124
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Conclusions

Well-known trade-off between recall and precision apparent for this task too: adding
page’s table as additional context increases recall, but retrieved values are incorrect

Specifications given in structured prompt which serve as correctness criteria seem to be at
least partially ignored, e.g. LLM converts values from “kton“ to “t“ in structured prompt

Distinguishing between reports with reported emissions and those without reported
emissions:

results suggest already good performance for reports without any reported values (no
hallucinations)
for reports with reported values the pipeline shows insufficient performance: the majority of
reports are only partially correctly extracted
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Next steps

Targeted prompt engineering based on in-depth error analysis using custom metrics

Refine specifications using human annotation guidelines
Few-shot learning
Chain-of-thought prompting with step to review output

Experiments with other models for failed reports

Models trained on self-reflection (e.g. Self-RAG) to mitigate retrieval failures
Models with reasoning capabilities (GPT 3o-mini) to address false positives and false
negatives

Adapt evaluation strategy to incorporate multiple ground truths values (same value on
different pages or values given in different units)
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Thanks for your attention!

Contact info:
Anna Steinberg

SODA Lab, LMU Munich
anna.steinberg@lmu.de

Ready for questions ...
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