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• High transparency buildings 

• Indoor environmental quality 

• Sustainable development goals
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new interior

Winter sun 0 ºC 
 
Sunshades open 
window closed 
WP off 
PCM off 
HRU off

Summer moderate warm 25 ºC 
 
Sunshades closed 
window closed 
WP off 
PCM off 
HRU off

Summer heat  30 ºC 
 
Sunshades closed 
window closed 
WP on cooling 
PCM on 
HRU on

Converge Project
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๏ Ceiling multi sensor (temperature, RH, PIR, light levels) 
๏ ~40 temperature sensors (floor/glass/beams/ceiling) 
๏ Supply/return air (temperature, CO2, RH) 
๏ Occupancy (entrance through door and movement) 
๏ Weather station on roof (wind, outdoor temperature, 

outdoor RH, global horizontal irradiance) 
๏ High accuracy illuminance sensors (4 outdoors, 1 indoors)



Converge Project

Can a fully transparent building reach nearly net zero energy consumption, 
while guaranteeing indoor comfort?

Cooling systemsHeating systems Ventilation systems Solar shadings

Conductor?



Rule-based 
controls

Model-based 
controls

Model-predictive 
controls

Sensor Data

Settings optimisation at 
commissioning stage

Sensor Data

Simulation Models

Systems optimisation at 
current conditions

Sensor Data

Simulation Models

Weather Forecast

Systems optimisation for 
near-future conditions
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Van Den Engel, P., Bokel, R., Brembilla, E., De Araujo, L., & Luscuere, P. (2022). CONVERGE : Low Energy with Active Passiveness in a Transparent Highly Occupied Building. CLIMA 2022.
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Occupancy and activity

Weather conditions

• Small meetings 
• Large events 
• Exhibitions 
• TV recordings

• Warm/cold 
• Sunny/overcast 
• Stable/variable sky

Energy mode

Visual comfort mode

• Exploit solar heat 
to reach the 
desired energy 
balance

• Provide 
comfortable visual 
conditions for 
occupants



Challenge #1 

• Representing complex environments 

• Modelling occupants’ indoor comfort in an atypical space 

• Responding to conflicting demands and systems limitations



Sensor #1: ‘UP’

Sensor #2: ‘WEST’

Sensor #3: ‘SOUTH’

Sensor #4: ‘EAST’

Sensor #5: ‘IN’

Illuminance sensors

Photo-radiometric probes with output signal in mV or standard output 4…20 
mA or 0…10 Vdc or RS485 MODBUS-RTU output. 

The probes of the series LP…03 for outdoor use allow to measure photometric 
and radiometric quantities such as: illuminance (lux), irradiance (W/m²) in the 
near ultraviolet spectral region VIS-NIR, UVA, UVB, and the photon "ow across 
the PAR region (400 nm…700 nm). 

The probes with mV output do not require any power supply. The output signal 
is obtained from a resistance that short-circuits the terminal of the photodiode. 
The ratio of generated photocurrent to incident light power is converted 
into a Di#erence of Potential that can be read by a voltmeter. Once the DDP 
(Di#erence of Potential) is known, the measured value can be calculated 
through the calibration factor. 

All probes are individually calibrated and the calibration factor is also 
shown on the probe housing. 

The probes with normalized output current 4…20 mA or voltage 0…10 Vdc or 
RS485 MODBUS RTU output require external power supply.  

The probe LPUVB03 is available only with standard output voltage 0…5 Vdc 
and requires external power supply. 
All probes of the series LP…03 are equipped with di#user for cosine correction 
and protection dome. M12 male 4-pole connector (M12 8-pole connector for 
the LPUVB03). Cables with female connectors and with 2, 5 or 10 m length 
available on request.

LPPHOT03

The probe LPPHOT03 measures illuminance (lux), de$ned as the ratio between 
the luminous "ux (lumen) passing through a surface and the surface area (m2).
The spectral response curve of a photometric probe is similar to the human 
eye curve, known as standard photopic curve V(λ). The di#erence in spectral 
response between LPPHOT03 and the standard photopic curve V(λ) is 
calculated by means of the error f'1. Calibration is carried out by comparison 
with a reference luxmeter, calibrated by a Primary Metrological Laboratory. 
The Calibration Procedure complies with the CEI publication No.69 “Methods 
of characterizing illuminance meters and luminance meters: Performance  
characteristics and speci$cations, 1987”. The photometric measurement probe 
is designed for outdoor readings. CIE photopic
$lter. Output, according to the chosen con$guration, in mV or 4…20 mA or 
0…10 Vdc normalized output or RS485 MODBUS-RTU output.

TECHNICAL SPECIFICATIONS

Typical sensitivity 0.5…1.5 mV/(klux)

Spectral range V(λ)

Calibration uncertainty < 4%

f’1 (agreement with the standard 
curve V(λ)):

<6%

f 2 (Cosine response) <3%

f 3 (linearity) <1%

Operating temperature -20°C…+60°C

Impedance 0.5…1.0 kΩ non-normalized version

Version with normalized output 
4…20 mA

4 mA = 0 klux, 20 mA = 150 klux

Version with normalized output 
0…10 Vdc

0 V = 0 klux, 10 V = 150 klux

Version with RS485 MODBUS-RTU 
output

0…200 klux

Power supply - 10…30 Vdc for version with 
normalized output 4…20 mA
- 15…30 Vdc for version with 
normalized output 0…10 Vdc
- 5…30 Vdc for version with RS485 
MODBUS-RTU output

 

Typical spectral response curve of LPPHOT03

LPPHOT03 - LPPAR03 - LPUVA03 - LPUVB03
PHOTOMETRIC AND RADIOMETRIC PROBES WITH OUTPUT SIGNAL IN 
mV OR NORMALIZED 4…20 mA OR 0…10 Vdc OR RS485 MODBUS-RTU 
OUTPUT
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ORDERING CODES

LPPHOT03: Photometric probe for the measurement of illuminance, complete 
with di#user and glass dome, silica gel cartridge, female 4-pole connector, 
calibration report. Cable with female connector has to be ordered 
separately. Cables: CPM12AA4…(except LPPHOT03BLS) or CPM12-8D…
(only LPPHOT03BLS) with cable length 2, 5 or 10 meters.

Available versions

• LPPHOT03 = mV / klux
• LPPHOT03BL = mV / klux  output, base with levelling device
• LPPHOT03BLAC = base with levelling device output 4…20 mA
• LPPHOT03BLAV = base with levelling device output 0…10 V
• LPPHOT03BLS = RS485 MODBUS-RTU output, base with levelling device

LPPHOT03, LPPAR03, LPUVA03, LPUVB03



Measured vs 
simulated 
illuminance



illum. sensor #1: ‘UP’ illum. sensor #2: ‘WEST’ illum. sensor #3: ‘SOUTH’ illum. sensor #4: ‘EAST’



Clear 
day

Overcast 
day

Variable 
day



Challenge #2 

• Representing complex environments 

• Modelling occupants’ indoor comfort in an atypical space 

• Responding to conflicting demands and systems limitations



Daylight Glare 
Probability (DGP) 

Unified Glare 
Probability (UGP)

DGP 
0.29 (imperceptible) 

UGP 
0.87 (disturbing)

DGP 
0.38 (noticeable) 

UGP 
0.87 (intolerable)

DGP 
0.24 (imperceptible) 

UGP 
0.79 (noticeable)



DGP=0.29 (imperceptible) DGP=0.38 (noticeable)DGP=0.24 (imperceptible)
DGP=0.41 (disturbing) DGP=0.55 (intolerable)DGP=0.30 (imperceptible)



Challenge #2 

• Representing complex environments 

• Modelling occupants’ indoor comfort in an atypical space 

• Responding to conflicting demands and systems limitations



• Strict choice between comfort or energy mode 

• Reduced view to the outside 

• Specular reflections on the inner glass surface 

• Glare in windy conditions 

• Higher electric lighting consumption



White OF 1% Pearl OF 3% Pearl OF 1%

Black OF 3% Black OF 1%



Windows to The Future Project

• Quantify the possible energy savings under Dutch climate conditions 

• Investigate user perception and experience upon long-term contact with the product 

• Explore the viability of the overall business case for the end users
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Thank you!

Dr Eleonora Brembilla

e.brembilla@tudelft.nl 

Assistant Professor in Building Physics
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