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Today: theoretical approach

Energy performance of buildings estimated using
simulation software, EPB and EPC

building plans and specifications building delivery energy labelling




As-built thermal quality

Some global figures
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design > < actual

Building envelope parts: +10% to + 400%
Whole building: +10% to +120%
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Lack of measurment-based verification and
optimisation is costly!

single-fami_ly house
\ x0.000

office building, appartment building, ...
' | x00.000 o
i additional energy cost®
of a 25% discrepancy
business park

| x.000.000

EU space heating load'?

| x0 billion EUR ... or about 5% of
' yearly energy imports
1. spaces heated by building-own specific heating systems; does not include bulldings heated by district heating or similar,

2: source: Average EU building heat load for HVAC equipment
(http/ec.europ: a. o 14_final_report_eu_buliding_heal_demand.pdf)

3: These figure ignores the initial investment, e.g. in insulation works, that turns out ineffective,
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Today no real quality check and little

measurement based optimisation of buildings
At the same time, we see following trends

Internet of Things Home automation Big Data

To what extent can we use on board monitored data
to assess the energy performance of our buildings?
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As-built thermal quality check

Three options
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R-value/U-value test Specific heating test On-board test

Local thermal performance Thermal performance Thermal performance
of building elements of whole building envelope of whole building envelope
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Option 1. R-value / U-value test
Estimate local as-built thermal resistance of a building
element, based on surface temperatures measured at either
side and the heat flux measured at one side
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On-site characterisation of thermal resistance
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ISO 9869: Average method
Apply only in winter

winter mid-season summer
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On-site characterisation of thermal resistance
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Dynamic models

Apply all year
winter mid-season summer
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Option 2. Specific heating test
Estimate global as-built heat transfer coefficient H of a
building envelope, based on measurements of indoor and
outdoor climatic conditions and delivered heating power,
during a specific stationary or dynamic heating experiment
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Co-heating test

T Quasi-stationaire test:
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Modelling buildings as
dynamic thermal systems
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Detached house in Verlaine

Measurement campaign of +7 days
(sampling time of 6 hours) determines
the overall HLC with +- 2.5% accuracy
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- plug-and-play sensors
- devices up to 10 years of battery life
- optional gateway, devices

LoRaWAN & NB-loT compatible m
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Option 3. On board test
Estimate global as-built heat transfer coefficient H of a
building envelope, based on measurements of indoor and
outdoor climatic conditions, building energy use and user
behaviour, during normal operating conditions

total energy
consumption
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energy loss

Great potential

a) . o e
istribution
conversion storage emission
control
® gross ® net =2
space heating space . :3 >
mp e
[ ) gross @ net hot
hot water CEED
@ human
activities RESOURCES > BUILDING > ZONE > ELEMENT
@® sensors & actuators EXTERNAL ENVIRONMENT

Non-intrusive
Feedback on energy performance of buildings in use
Estimate expected energy savings

B et

12/06/2019



Great potential, but not easy...

distribution
conversion S[Olage emission
control
L) ® gross @ net o0 o
space heating space g 7 ofie
total energy heati . )
consumption K .,
[ ) gross @ net hot B
hot water LB
@ human
activities RESOURCES > BUILDING >  ZONE > ELEMENT
energy loss @ sensors & actuators EXTERNAL ENVIRONMENT

No control on experiments
Comfort requirements of the users
Insulation quality, efficiency systems and impact of users
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Current IEA EBC project: Annex 71

g are.

PROJECTS =

EBC ANNEX 71
Building Energy Performance Assessment Based on In-situ Measurements

Status: Ongeing (2016 - 2021)

Operating Agent

staf Roels

Department of Civil Engineering
K.U.Leuven

Kasteelpark Arenberg 40
B-3001Leuven

BELGIUM

website: www

Overview
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IEA EBC Annex 71-project
Different test cases

On-site measured data is used for:

- calculation of the actual overall heat loss coefficient
- development of fault detection diagnostics methods
- blind validation of BES-models
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Determination of the overall HLC

Estimate global as-built heat loss coefficient HLC,
based on measured data during normal operating conditions

90,
Cia—tl= O + Ppyy + Pgoy + O + Oy + O, + D
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Lot

00;
Ci——t =Dy + Pipyp + Py + P + Oy + @, + B,y

Exploration of different methods:

|

- Averaging method

- Linear regression models
- Energy signature model
- AR(MA)X-models

- grey box models
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requested accuracy
of the outcome 4
very high

very low

Looking for the sweet spot

A

Statistical
method
method 2
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Gainsborough case
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Locally with option 1: analysed using ARX models or grey-box

Globally with option 2: co-heating test analysed with linear regression,
dynamic test analysed with grey-box modeling or ARX models

And hopefully soon globally with option 3!
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Conclusions

It is essential that the energy-efficient technologies used in buildings do more
than simply satisfy regulations based on theory.

Building owners, investors and governments need to know that the investments
they make are actually delivering as expected.

Ensuring that real performances match design performances is crucial.
This requires reliable methods and procedures applicable on real life data.

The as-built thermal quality can be fast and accurately estimated
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Thank you for your attention!
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