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4 - Step Methodology
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• Peak shaving - reducing grid import of electricity during periods of peak 

consumption 

Implemented: Commercial building, Paris & Cluster of buildings, Terni

• Intra-day Grid Request – market based programme which requires building to 

respond to a grid request intra-day within a short timeframe

Implemented: Commercial building, Sunderland 

• CO2 minimisation - incentivise electricity use or reduction in times of high or low 

renewable generation on the grid 

Implemented: Aachen building 

• PV power smoothing - mitigate PV generation variability 

Iimplemented: Kempten Residential District
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Use Cases

Specific use cases required to validate flexibility for selected sources in buildings
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Experimental Set-up

UC32.net/P

ICT Platform

Flexibility Services

Battery Forecasting & Control

UTRC Middleware

Web Services ClientOPC Client Driver

BMS Battery

Web Services 
API

ICT platform architecture for use case demonstration experiments
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Results – Sunderland Pilot Site

Figure 1. One-hour Scenario Model (on left) and Validation Results (on right)
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Figure 2. Four-hour Scenario Model (on left) and Validation Results (on right)

-30

-15

0

15

30

45

60

75

90

105

120

135

150

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 19 20 21 22 23

L
o
a
d

 (
k

W
)

Time (h)

PV

HVAC (VRF)

HVAC (fans)

Battery

Total Load

-30

-15

0

15

30

45

60

75

90

105

120

135

150

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

L
o

a
d

 (
k

W
)

Time (h)

27%

Battery

HVAC (fans)

HVAC (VRF)

PV

33%

23%



College of Engineering and Informatics 6

Results – Multiple Buildings

Pilot Site Location Type Sources Use Case

Use Case Flexibility (%)

Predicted Actual Error

Sunderland, UK Building
FRES,  FS, FL Intra-day Grid

Request 45% (36%) 33% 26% (9%)

Terni, IT Cluster of Buildings
FRES, FS Peak Shaving

90% 81% 10%

Paris, FR Building
FS Peak Shaving

9% 7% 22%

Aachen, DE Building
FL CO2 Min

3% 3% -

Kempten, DE Residential District
FRES,  FS PV Power Smoothing

103% 106% 3%

FRES = Renewable Energy System Flexibility (PV), FS= Storage Flexibility (Battery), FL = Load Flexibility;
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Standardised 4-step flexibility assessment process developed, demonstrated & validated

Practical impact:

- Reduces complexity and cost 

- Enables contract negotiations

- Ease of implementation 

- Accuracy 

- Scalability

Societal impact:

- operationalise building flexibility to a wider spectrum of society
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Conclusions
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International Energy Agency’s (IEA) Energy in 

Buildings and Communities (EBC) Annex 67 ‘Energy 

Flexible Buildings’ 
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