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Motivation & Problem

1International Energy Agency, “Buildings – Energy Systems”, IEA, Paris. [Online]. 
Available: https://www.iea.org/energy-system/buildings. [Accesses: May 24, 2025]

Early-stage venture capital investment in 
clean energy start-ups developing buildings1



Motivation & Problem
KPI Description and Building Monitoring

Design & Construction Operation

Need to make performance analytics 
lighter and easier to adapt across systems



Goal & Methodology

B. Koelmel et al., “Quantifying the economic and financial viability of NB-IoT and LORAWAN technologies: A comprehensive life cycle cost analysis using pragmatic computational tools,” FinTech, vol. 2, no. 3, pp. 510–526, Jul. 2023, doi: 10.3390/fintech2030029.

Design Science Research

Conceptual Design Prototype
Development

Implementation
Testing

Evaluation
Refinement

"How can ontology-based 
application layers enable automated 
and adaptable KPI computation in 

BEMS?"



Development & Demonstration
NEST Demonstrator

Source: empa.ch/web/nest/overview

Data Collection



Development & Demonstration
KG Infrastructure

Source: empa.ch/web/nest/overview

Data Schema



Development & Demonstration
KPI Selection

KPI Name Formula
Energy Consumption Total Equipment Energy Consumption [kWh]

Energy Consumption
Intensity

Total Equipment Energy Consumption / 
Total Building Area [kWh/m2]

Space Energy Consumption Total Building Energy Consumption [kWh]

Space Energy Consumption
Intensity

Total Building Energy Consumption / 
Total Building Area [kWh/m2]

Peak Power Max. Equipment Energy Consumption [kWh]



Related Work

KPI Module of the EM-KPI ontology

Ontologies and semantic Integration of KPIs 

L. Yehong, R. Garcia-Castro, N. Mihindukulasooriya, J. O´Donnell, and S. Vega-Sánchez, ‘Enhancing energy management at district and building 
levels via an EM-KPI ontology’, Autom. Constr., vol. 99, pp. 152–167, Mar. 2019, doi: 10.1016/j.autcon.2018.12.010
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Development
First Iteration

KPIOnto Brick SchemaNESTKPI



Development
KPI synchronization



Demonstration
Knowledge Graph (excerpt)



Demonstration
KPI Webapp

Prototype 
Webapp:

Please contact Christian.Schmid@empa.ch and James.Allan@empa.ch for more information

mailto:Christian.Schmid@empa.ch
mailto:James.Allan@empa.ch


Demonstration
KPI Webapp – Exploring the network

Associated equipment
(smart meters, rooms)



Demonstration
KPI Webapp – Exploring the network

Associated KPI 
Description 



Demonstration
KPI Webapp – Exploring the network Associated KPI Types



Conclusion

What this work delivers:

What this work does not cover:



Outlook

Functional Purpose

Abstract Function

Generalised Function

Physical Function

Physical Form

Functional Abstraction Hierarchy

Causal Relations

Ecological Interface Design

Real Estate Core

Brick Schema

ASHRAE 223

Control Definition 
Language
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Configuration 1

Baseline
Building Knowledge Graph

- Building elements (e.g. walls, 
windows, roofs)

- System (e.g. networks, HVAC)
- Equipment (e.g. pumps)
- Configuration (e.g. thermal 

zones)
- Devices (e.g. sensors, meters )
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Measurements

Insight and Analytics

Configuration 2

Configuration n…

Perform
ance M

odel

Calibration

Results

Digital Twin Processes (Links to the Digicities
project) 

Please contact james.allan@empa.ch for more information

mailto:james.allan@empa.ch


Outlook

Past Present Future

Operational 
Performance

Historical 
Performance

Possible 
Performance

Reflection

Opportunity

Ambition

Digital Twin

Baseline 
Config

Optimal 
Configuration

Temporal KPIs



Obrigado
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