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Few LCA Database Users Ask What Makes One Good

Using a database is not the same as understanding it

The User Mindset The Architect Mindset

) Software access Linked unit processes
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() Ready-to-use datasets | The Knowledge Gap

ng, Evidence provenance
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% Quick calculations gﬁ Modeling consistency

()3 Computability




LCA Database # Factor Tables / Excel Summary

LCA Database = Connected Graph of Unit processes + evidence
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Not just numbers: RN, — Background] Complete LCA Database =
each item has unit, flow = A Collection of Countless
name, classification Reproducible LCA Study
(not just numbers) @ End-to-end computable Reports
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reproducible studies.



What Defines a "High-Quality" LCA Database?

Traceability [=D 69

Every exchange value links to evidence —

The Trinity of
Database Quality

Computable . Auditable . Reproducible

s R

Transparency Comprehensiveness
Methods & decisions are explicit and auditable Not ‘more data’, but completeness
The network is both connected and sufficiently covered




The Status of LCA Data: "Data-Rich but System-Poor"

/ H Product System
- . process process
o

Scattered across 10,000+ sources Different data formats Different UUID of elementary flow
- Data silos prevent calculation Difficult in data conversion Cannot get LCIA result from different
- Inconsistent units and boundaries database sources



The TianGong Initiative: Addressing LCA data challenges, in China

v.ﬂ A community-driven Initiative led by Tsinghua University with 60+ investigators and 200+ researchers
N o develop and maintain an open, transparent LCA database in China: TianGong Database.

The Tiangong Kaiwu, or The
Exploitation of the Works of
Nature, published in 1637, is an

. G, @ 7P %g;;‘g;ﬁgﬁ encyclopedia describing the

agricultural and manufacturing
processes in China.

Bl HRaRs]

Hy

ke R

L J?,_ 2208 ARBAR
@ﬁﬂ&lawﬂﬂﬁﬂﬂéf“ﬁ@ .
SR RN RANEENE g -

https://www.tiangong.earth

il




University-Industry Partnership: Carbon Footprint Alliance (CFA)

7 Tsinghua University
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The TianGong Strategic Roadmap: Three Steps
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Human-in-the-Loop : . High-Quality
Quality Gates:
+ Al Curator Rule Checks, @ LCA Data
Benchbrarks, Expert Review @

Improve Representenative

scalable pipeline + quality gates
+ review workflow

Operate as
Infrastructure

Analytics Platform
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s TianGong LCA Data
Application A
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Open API / SDK

Import/Mapping

©) 1UID) Versioning (3 Reproduecbiity
Audit Trail T

governance + interoperability layer

Connectivity =2 Quality = Sustainability



Where Al Fits in the Workflow

Step 1: Source
to Structure

Step 2: Upgrade with Evidence

and Quality Control

Step 3: Operationalize as
Infrastructure

Structure
drafting

i

Document

parsing

Evidence
retrieval

Human Layer

Methodology
Decisions

\

e

Consistency
checks

Human Layer

Al is embedded as a copilot layer within a controlled workflow,
not as a substitute for methodological judgment.




Bad context creates bad answers—from Al and from humans

"oﬁﬁa—ﬁ__\o

How do you model voltage?

Top Answer:

It Depends

59 votes Jl } LCA is not binary. Decisions on

\\\\nbn-::::::?\\

— Allocation (Economic vs Mass) and

e
% Allocation Method?

=5 System Boundaries are subjective and
It Depends 5_9/\:_13\33 o) context-dependent.

When context is weak,
both Al and humans
can fabricate. The
issue is not Al itself—
it’s how we use it.
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Source: Donaldson, A., Balaji, B., Oriekezie, C., Kumar, M. & Patouillard, L. An Expert-grounded
benchmark of General Purpose LLMs in LCA. 2025. https://arxiv.org/abs/2510.19886




Sourcing and Al-Assisted Extraction

Government || (&) ~41 Impact

Yearbooks [ ":ﬂﬂ Reports
Academic (|3 f’{:} Industrial
Journals FE?J \ \/( {’33} Associations
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Human-Expert
Prioritization E——
0 - .
Authoritative
@ Source List
System Overview {Fix}

Stage 3
Alignment/
Merging
Alignment &

Input Stage 1: Stage 2: S H
Preprocessing Process g
Batch Markdown Extraction
poce: || «Cleanings LLM Extracts i
Inventory/Metadata Structuring Process Flaws Ol Tieation
g S
Q

Fail
Stage 4:

Publishing

TIDAS Completion
Validation & Push
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Flow Name Value Unit Source UUID

Water Consumption 5600 kg PDF-DOC-A1

Fuel Usage 1200 L PDF-DOC-A2

Efficiency Rate 98.5 % PDF-DOC-A3
Locating, NOT Generating.




Multi-Tier Validation Protocol

Tier 1: Machine Check =

Tier 2: Logic Check =

Tier 3: Human Audit =3

Validated Data

Review Logs

Operator

HER-REKS

BEM-REKS

BUR-RENKS

TEE

BER-ERES

BEBREKS

AT

WER-RRES

RER-EREKS

L e

JSON Syntax&Mass/Energy
Balance (<5%Error).

Review of Al "Chain-of-Thought"
reasoning logs.

accuracy.

Time

2026-02-11 14:4423
2026-02-11 12:46:11
2026-02-11 12:44:48
2026-02-11 11:59:20
2026-02-10 18:23:13
2025-12-04 09:00:17
2025-12-02 09:05:29
2025-11-30 19:11:10
2025-11-27 14:4005

2025-11-26 22:46:55

Expert Peer Review for domain

Action Details

Approve Review

Approve Review

Approve Review

Submit Comments

Assign Reviewers.

Assign Reviewers.

Submit Review

Reject Review

Assign Reviewers.

Submit Review

» Smart validation and automatic correction of integrated data

content significantly enhance the accuracy, completeness, and
consistency of data content.
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Human-in-the-Loop Collaboration

>
[ Al Agent Reduction in Human Expert J
Curation Time
e Unit Conversion *  Domain Judgment
* Coordinate Mapping  Methodology Check
* Flow Naming Suggestions * Final Sign-off




TianGong Data System - TIDAS

i TianGong LCA Platform ) r ecosyste»\ \

<
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E ( Open Source Platform ] [ Self-hosted bano‘fmeﬂt; GLAD u Open Source

o [ McP AT Server Data Space API N Sode ot Atat o Globally open-source, free of use
S

3 (Streamable HTTPJ( sTDIO | ([ Blockehain J[ Privacy prute) PEF/OEF Node

Reference Data Package ( TIDAS Tools \ openlCA
Data F‘ackagg Bﬂgb\th/al/ 2

Package 3.1 o Data, toolkits, and platform, available out of the box

= Ready to Use

Data

Lossless Format

Look@eILCD (LED)

Conversion

TIDAS Data Format DS s eTECR

Future-(:rool: data formats Jsov I
an ata Forma alidation . . oge
i o (Lot Yot LD Format = International Compatibility

eILCD Format

Format

> nternational " i H ihi i
Bl (4 Database Development Guide International Standards o Lossless conversion and interoperability with
-g ILED Handbook

g eccinvent, Gobi international data systems such as ILCD
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https://tidas.tiangong.earth



INPUT
(User Command)

Hi, Jarvis, find input
and output data for
XXX unit process.

// N
JARNV.LS.

Search

An Al Agent helping us for everything

Al PROCESSING

Data

Bill of
materials

Suppliers

)

Processing...

95% Complete

OUTPUT
(Instant Result)

Dashboard

' 16-18

kg CO,e/kg
‘primary aluminum

Report Generated Successfully.
Click to View Details.

Al as curator: retrieval + structuring + checks, not inventing inventories.



Example:

TianGong Results vs EF Node Chinese Electricity dataset (GaBi)

Electricity grid mix, consumption mix (TianGong) Sphera LCDN Node
Year 2022 Year 2012
| Sub-C IJ“’"%- | Qil-fired power %
Lo f-nired pow 66.6%
o 96.1%
w*l Coal-fired power |_"| Thermal power |_
| 0.1% Electricity Mix - China- CN - 2012
| USC I—Z&%- | Natural gas-fired power | - ‘? 043% | oo
79%
| Conventional reservoir |T 15.3% ,_-‘:.-
% = m Nuckear
| Pumped storage |__’| Hydropower |_ E._ W
- 4% ® Coal gases
| Run-of-river |_ . g —
| Multi-Si PV |—32% 4.8% | g— ::Ta:”
68% r’l Solar power 'e) -
| Mono-Si PV — g- I
| Onshore I& 8 = 6% > : :‘::fnvoitaic
| 8% r’l Wind power |_ 3
Offshore |_° x
100% 4.7%
| Pressurized Water Reactor |_°’| Nuclear power |_

35-330 KV electricity consumption mix, 0.6294 kg CO2/kwh
1-35 KV electricity consumption mix, 0.6314 kg CO2/kwh  1-60kV electricity consumption mix, 0.9419 kg CO2/kwh
<1 KV electricity consumption mix, 0.6654 kg CO2/kwh
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