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Explain the impact of sensor performance and cost on GEB control and
performance measurement

Acquire the competency to assess and communicate the main indicators
related to building energy and indoor environment quality

Understand key technologies that have the potential to reduce sensor
cost

Describe how to implement low -cost sensor and sensor system for
building -grid integration, energy efficiency and indoor environment
measurement and improvement

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using
distributing, or dealing in any material or product. Questions related to specific materia

Is,
methods, and services will be addressed at the conclusion of this presentation.
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Comfort Categories in EN16798 -1

Category Explanation

I High level of expectation and is recommended for spaces occupied by very sensitive and
fragile persons with special requirements like handicapped, sick, very young children and
elderly persons

T Normal level of expectation and should be used for new buildings and renovations

Il An acceptable, moderate level of expectation and may be used for existing buildings

\Y Values outside the criteria for the above categories. This category should only be
accepted for a limited part of the year

NOTE In other standards like EN 13779 and EN ISO 7730 categories are also used; but may be
named different (A, B, Cor 1, 2, 3 etc.)




IEQ Monitoring Case Study

GemeentehuidHorstaande Maas

A Case of Excellence in Indoor Environmental
Quality Monitoring




IEQ Monitoring Case Study
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IEQ Monitoring Case Study

Table of WP variables
Nr Parameter Unit
1 Indoor Operative Temperature FQ
2 Predicted Mean Vote - PMV 1
3 Predicted Mean Vote - PMV 2
- Predicted Percentage of Dissatisfied (%6)
5 Predicted Percentage of Dissatisfied (%)
6 Draught Rate (%)
7 Indoor Dew Point Temperature FQ
8 Air Temperature Fluctuation (FC/h)
9 Indoor Air Pressure (hPa) (hPa)
10 Indoor Humidity Ratio (g/Kg of air)
11 Indoor Operative Temperature 2 FQ
12 Indoor Air Temperature FQ
13 Indoor Relative Humidity (%)
14 Indoor Concentration of CO2 (ppm)
15 Indoor Concentration of CO2 (ppm)
16 Indoor Concentration of VOCs (100*ppb) 2
17 Indoor Concentration of PM10 (ug/m3) Table of BM Variables
18 Indoor Concentration of PM2.5 (ug/m3) Chanel Parameter, Units
19 Indoor Concentration of PM1 (ug/m3) 1 Qutoor Air Temperature (°C)
20 lluminance level (lux) (lux) 2 Qutdoor Relative Humidity (%)
21 Air Temperature Neck Level () 3 Qutdoor Concentration of CO2 (ppm)
22 Air Temperature Anckle Level FQ 4 Wind Speed WST (m/s)
23 Air Velocity Neck Level (m/s) 5 Wind Direction WST (%)
24 Air Velocity Anckle Level (m/s) 3 Outdoor Air Temperature WST(FC)
25 Noise Equivalent Level 5 min (dBA) 7 Outdoor Air Temperature Yocto(°C)
- 8  Outdoor Relative Humidity ()
9 Qutdoor Barometric Pressure (mbar)
10 Windchill Index (°C)
11 Outdoor Dew Point Temperature (°C)
12 Qutdoor Air Humidity (g/kg of dry air)
13 Outdoor Concentration of PM10 (ug/m3)
14 Outdoor Concentration of PM2.5 (ug/m3)}
15 Outdoor Concentration of PM1 {ug/m3)




IEQ Monitoring Case Study
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Long-term Evaluation of Thermal Comfort

Horst Gemeentehuis Horst aan de Maas, January 2018 - PMV
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Long-term Evaluation of Thermal Comfort

01-Jan | 02-Jan | 03-Jan | 04-Jan | 05-Jan | 06-Jan | 07-Jan | 08-Jan | 09-Jan | 10-Jan | 11-Jan | 12-Jan | 13-Jan | 14-Jan
Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun
7.0 6.8 6.1 5.4 6.3 7.5 11.4 7.6 6.2 6.4 5.2 5.4 5.2 6.2
7.3 6.7 5.7 55 6.0 7.7 11.3 6.8 57 5.4 5.0 5.4 5.2 6.3
6.9 6.5 5.6 55 5.9 7.8 10.8 5.8 5.4 5.0 5.1 5.3 5.1 6.2
6.4 6.4 5.6 5.5 6.1 7.2 10.3 5.5 5.1 5.0 5.2 5.3 5.0 6.2
55 6.6 55 5.4 5.9 7.7 9.8 5.3 5.0 5.1 5.3 5.3 5.0 6.3
6.4 6.5 5.4 55 5.8 8.7 9.1 5.0 5.0 5.1 5.2 5.3 5.0 6.4
6.6 6.7 5.3 5.9 5.8 9.5 7.2 5.2 5.0 5.1 5.2 5.2 5.0 6.4
6.8 6.7 5.3 6.7 5.6 9.6 5.2 5.1 5.4 5.1 5.3 5.2 5.0 6.5
6.8 6.7 5.3 6.9 5.6 10.0 5.8 5.4 5.8 5.1 5.1 5.2 5.0 6.5
6.7 6.7 5.7 6.5 5.9 10.3 8.0 5.1 6.4 5.1 5.1 5.4 5.1 6.6
6.8 6.6 6.0 6.1 5.9 10.6 10.5 5.3 6.1 5.3 5.0 5.6 5.1 6.2




Prototype System for IEQ Analysis

File Edit View Project Operate Tools Window Help
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Miniaturized IEQ Monitoring System

IEQ MULTIPROBE + IEQ Discoverer App




IEQ Monitoring & Categorization Software

File Edit View Project Operate Tools Window Help
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IEQ Categorization Scheme
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IEQ Monitoring in a Auditorium
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Categorized Data Presentation
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Thermal Comfort Indoor Station
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Thermal Comfort Indoor Station

Two Rooms Measurements
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Calibration of low -speed affordable thermal anemometer
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Conclusions

A The concept initially defined for the IEQ monitoring systems has been
successfully implemented.

A The systems are an attempt to allow a better spread of the use of IEQ
assessments, due to the integration of different probes in only one
measuring device and to the innovative communication strategy.

A It is expected that a larger number of users will have access and
easily understand the different dimensions of the evaluation of IEQ,
with positive impacts in terms of well -being, health, safety and
productivity of people in buildings and other indoor environments
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v Processing IAQ Data Collected in Monitored Buildings
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Particularities of Nearly Zero Energy Buildings

Energy Performance of Buildings Directive Recast (EPBD
2010) launched a target to the EU Member States regarding
NZEBs

NZEBs are reached with self energy production, reduction of
energy losses and better management of energy consumption

The management of ventilation/infiltration processes
becomes very important in buildings with a much better
Insulation



Time Evolution of the Concentration of a Pollutant
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Time Evolution of the Concentration of a Pollutant

4 )

A€ _ G- 1c)-v,=- Sece,
dt V V V

- J

G mean instantaneous concentration of the
pollutant(mg/m 3)

G generation of pollutants inside the compartment(mg/h)
V, room volume (m 3)

], air exchange rate (h 1)

C

> «» outdoor concentration (mg/m  3)

¢, rate of deposition of pollutant (mg/(m 2h))
S area of deposition surface (m ?)
Q... flow rate through the air purifier (m  3/h)

R, efficiency of air purifier (dimensionless)




A typical theoretical evolution in a residential compartment

dC=G
dt VvV

A sequence of phases
defined by step
changes, occurring,
for instances, due to
variation of the rate
of emission, the
speed of the fan, or
the velocity of the
wind

+IC.-1C




An actual evolution in a residential compartment

The effect of wind perturbations and the uncertainty in the
measurement of the gas concentration are main reasons for the
differences.




Time Evolution of the Concentration of a Pollutant

. NPV . . dC G
The solution of the simplified differential equation, =—+|C_.-1C
dt V eXt
. C(t)_cequi_ St
for the case of a step change, Is: =€
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oy Q| The air
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Step Change Input Based Methods

Method 1 6C. . based

equi

_ 37000 ___ ., _30_ .
T (1913 680)_3Ohm/ /V_%_lhl

Q

Requirements : The emmission rate G and room volume should be known. One
step non-disturbed rising signal



Step Change Input Based Methods

Method 2 & Time constant ( T)

N Y Y Y -

002 (mg/m3)

Ce ui

o 1 2 3 4 § & 7 & 9 W 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Tinne (houars)

Pros: Very easy and fast to implement

In the response of a
first order system
to a step change,

the time constant t
IS the time needed
to reach 63.2% of
the total response.
The air exchange
rate is the inverse
of the time
constant.

Cons. The precise localization of t _
may be difficult if the signal is noisy C(t) C

equi __ -/t __

C,- C

equi




Step Change Input Based Methods
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Step Change Input Based Methods

Method 4 dFitting of the rising points with an exponential line

Tempo Cmedidas c;:alculadas D2
h ppm ppm

1900 | 3721
1906 | 2791 3939449525 |
1912 | 1904 4000 |
1917 | 1052 3500 /
1923 687 Co= 1919 __ 3000 /
1929 | 360 Comu=| 4250 § 2500 Crmedidas ||
1935 22 b= 232 Lor; 2000 / ——Ccalculadas | |
1940 112 \ sum=| 77575 | g 1500
1946 | 477 S w
1952 850 | CoefPearson=] 099966 | 500
1958 | 1188
1963 1584 000 0,5 10 15
1969 | 2223 ’ " fempolh) '
1974 | 2972
1980 | 3832
1986 | 4264
1991 | 3808 -~ -/t
1967 | 361 ci)=cC_, +(C,- C_ )
2002 | 4301 equi 0 equi
2008 | 5047

Cons Needto implement oby handoé the Least SquaresMethod for the
exponential curve fitting (Solver complement function of Excelis used)

Pros: The same asthe previous method)




Step Change Input Based Methods

Method 5 dFitting with a finite differences equation

Nr t (h) T*10 | CO2 ppm| CO2reall CO2 Delta
0 0) 305 701 1261. 1186.853 5617.06(
1] 0.016667 304 70 1260 1192.81 4514.445
2| 0.033333 302 698  1256.4 1198.747 3323.871
3 0.05 302 69 1256.4 1204.663 2676.736
4| 0.066667 299 695 1251 1210.558 1635.557
5| 0.083333 297, 69 1247.4 1216.433 958.985
6 0.1 300 696 1252. 1222.287 931.073
7| 0.116667 310 70 1270.8 1228.12 1821.57
8| 0.133333 318 714 1285.2 1233.933 2628.284
9 0.15 318 71 1285.2 1239.726 2067.887
10| 0.166667 317, 713 1283.4 1245.499 1436.527
11 0.183333 317, 71 1283.4 1251.251 1033.566
12 0.2 325 721 1297.8 1256.983 1666.017
13| 0.216667 334 73 1314 1262.695 2632.17(
14| 0.233333 336 732 1317.6 1268.384 2421.864
15 0.25 338 73 1321.2 1274.06 2222.191
16| 0.266667 341 737 1326.6 1279.712 2198.45(
17| 0.283333 340 73 1324.4 1285.345 1556.69(
18 0.3 339 735 1323 1290.958 1026.683
19| 0.316667 339 73 1323 1296.552 699.523
20| 0.33333 340 736 1324.8 1302.124 514.140
21| 0.35 344 74 1332 1307.68 591.477
22| 0.366667 346 742 1335.6 1313.214 501.105
23| 0.383334 348 74 1339.2 1318.73 419.013
24 0.4 350 746) 1342.8 1324.226 344.976
25| 0.416667 351 74 1344.6 1329.704 221.904

dc_c

dt

Vv

+IC,-1C

Pros: it is quite general. May be used for any part of the time evolution of the

signal
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Step Change Input Based Methods

Method 6 o Logaritmizing the excess of concentration and
fitting with a linear equation

C(t

)- Copi =(C, - C

equi

equi

)e-lt

In(C(t) = Cequi) =-/t+ In(CO B Cequi)
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1200
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0

y = 1019.9842L
R2=0.9985

Y =Ke'*

Pros: it allows a beter identification of the transition of phases

CQ[ppm]
8

o B N W b~ 0 O

y =-0.4205x + 6.927}4
R2=0.9985

Y=mX+Db




Step Change Input Based Methods

Method 6 o Logaritmizing the excess of concentration
and fitting with a linear equation
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Periodic Input Based Methods

Responsef a 1storder systemto a %G 2

__________

periodic input %/
t&+x:Asinwt
' NV

ato
"0 Al :
The solutionof the differential equationis: X(t) =Ce ¢~ + o (;OI)Z sin(mt - 7 (w)).

Where f(w)=- tan'l(Wt) is the phaseangle

IS thetime delay

Ji+(wp?| istheamplitude ratio




Periodic Input Based Methods

Method 7 - Responseof a 1storder systemto a periodic input
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Conclusions

v Different Methods are available to estimate AER from the monitoring of
CQ, concentration in buildings

v The accuracy of assessment and the time resolution of AER data
depend on the sophistication of the method

u  Arecent approach based upon the response to a periodic input signal
has been addressed
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Part 3

v Living Lab Experiences at the University of Coimbra




HILCITITY E

Spain

Zubigune: conventional classrooms,
mechanical manufacturing workshops, NZEB

building and teacher rooms.

UPV/EHU (Donostia School of Architecture):
collaborative teaching rooms for team learning

and conventional classrooms.

6 School Buildings Pilot Cases

France

UT3-PS: teaching rooms equipped with various
sensors (brightness, temperature, energy, etc.)
and interconnected with the campus data
network. Open area for carrying out
experiments. University with more than 30,000
students

CEREMA (working with a secondary school
building in Gironde for up to 470 students):
classrooms, offices, meeting rooms and school

restaurant.
ZubiGune g | B 1ikerlan ERAIKUNE W TECNICO
L P i il lind e ARGUTE TRty A eARH Construction Cluster
; )
Sceema @ CATE  @ununim Q

GREedse
SOURCE oryppicacirt SANTARE

Portugal

IST Alameda Campus. University classrooms
and kindergarten. Home to up to 9889
university students and 124 children.

FCTUC-DEM (Department of Mechanical
Engineering). Classrooms, teacher offices and
laboratory rooms. Up to 1000 students.
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DEMUC Site Characteristics

University Building, located in Pdlo Il of UC, with atotal area of 7 000 m 2, including laboratories ,
classrooms, offices, libray, bar/cafeteria, meeting rooms, and parking area.

Departamento de
Ciéncias da Terra " 7

jgaboratorio de £
Hidraulica, Recursos:




DEMUC Site Characteristics

Monitored Zones

Local Weather
Station

Local Weather Station




