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Executive Summary 

 

We investigated the non-economic effects of the renovation interventions in the three 

CommONEnergy demo-cases. In particular, we analysed how the implemented 

technological solutions impact on the daily live environment of the shopping mall.  

In order to assess and demonstrate the soundness of the approach and solutions developed 

and implemented in the CommONEnergy project, the impact that the retrofits have on 

several aspects was quantified. The monitoring campaigns were focused on the following 

topics: 

• thermal comfort both overall and for specific seasons; 

• visual comfort;  

• acoustic comfort;  

• indoor air quality. 

These assessments were done for the overall retrofit solutions and for the greatest extent 

possible for some specific solutions of interest. 

Measurements about thermal comfort, indoor air quality, visual and acoustic comfort were 

performed, whenever possible and depending on the solution installed in the demo cases, 

before and after the retrofit in order to directly quantify the benefits of the retrofitting process. 

For Mercado dal Val, the measurements took place only after the retrofit intervention since 

the centre was already closed at the time when the project started. 

Indoor thermal conditions were assessed by means of long term monitoring campaigns 

before the retrofit tracking indoor air temperatures and relative humidity. For Modena 

Canaletto, spot measurements before and after retrofit were also performed by taking 

advantage of the Mobile Environmental Monitoring Cart (MEMO) developed by EURAC 

within the project. After the retrofit, we took advantage of the sensors installed in the demo 

cases and connected to the iBEMs. The compliance with the standards ( EN ISO 7730, 

2006) was verified by assessing the numbers of occupied hours under different thermal 

comfort categories. 

Indoor air quality was assess by analysing the concentration of formaldehyde and ten 

different volatile organic compounds (VOCs), measured in two points within the shopping 

mall, and in relation with the outdoor concentration, as well measured. The results were 

discuss in relation to CA EPA thresholds (Loque, McKone, Sherman, & Singer, 2011). After 

the retrofit, the concentration level of carbon dioxide were also evaluated according to the 

standards requirements ( EN ISO 15251, 2008). For the assessment we used values 

recorded by the iBEMs as installed in the three demo-case. For Modena Canaletto, the 

concentration of particulate matter inside the supermarket (PM 2.5 and PM10) in relation 

with outdoor level were also tracked after renovation, allowing the verification of proper 

operation of the ventilation system.  

A new lighting concept was developed for the Jens Hoff shop located in CitySyd deo-case, 

within the retrofit solutions proposed during the project. A detailed analysis of the impact of 
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this new scenario on customers’ acceptance was therefore performed. The study consisted 

in a questionnaire submitted to costumers under the old and new lighting concept in both 

summer and winter conditions. In relation to lighting aspects, the evaluation through the 

questionnaire included room appearance, room comfort and product presentation. 

Measurements about general lighting were also performed. 

The performance of Mercado del Val architecture was assessed from an acoustical point of 

view. To achieve a good environment in commercial building particular acoustic 

requirements must be met. In such spaces, the acoustic comfort is a major concern due to 

the large volume and a great number of users that cause a long reverberation and noise, 

respectively. In the case of Mercado del Val, reverberation time and intelligibility (how 

comprehensible the speech is in given conditions) were measured. The method adopted is 

the one outlined in the standard ISO 9921:2003 (ISO 9921:2003). 

The retrofit process improved thermal comfort conditions in both Modena Canaletto and 

CitySyd. Retrofit solutions affected the thermal environment by reducing the number of 

occupied hours not in compliance with standard regulations ( EN ISO 15251, 2008). For 

Modena Canaletto, thermal comfort was notably improved after the retrofit in the 

supermarket area with the exception of the check-out zone. The check-out area even tough 

in a different position compared to the one in the supermarket before renovation, being 

always located close to the exit, it is affected by  a high variability of conditions mainly due 

to the outdoor environment dynamics. Because of the features of these areas, personalized 

comfort system like heated and cooled chairs, could be a solution to improve thermal 

comfort of workers. 

For Mercado del Val, a fine-tune of the HVAC system control is needed to guarantee better 

thermal conditions for the costumers. The high recorded temperatures in summer 

conditions, during occupied hours, made the market not in compliance with standard ( EN 

ISO 15251, 2008). The acoustic measurements performed in Mercado del Val suggested 

also some possible improvements, as the increase of the sound absorption surface, and 

solutions able to improve the intelligibility of the market (that is, how comprehensible are 

the speeches under given conditions). 

Generally, the indoor air quality of the three demo-cases were quite good with the exception 

of some VOCs whose concentration increased. IN particular, that happened for CitySyd 

where a significant increase of indoor-outdoor concentration differences of formaldehyde 

and toulene was observed, especially near the Jens Hoff shop. The reasons of these 

incremented values are still under investigation.  

On the other hand, the new lighting concept improved the visual comfort inside the Jens 

Hoff shop. According to costumers’ feedback, the new lighting concept with the integration 

of natural light (installation of three lightubes through a new suspended ceiling) makes the 

room appearance more modern. Good level of illuminance were guaranteed thanks to the 

new wall washer luminaires. After retrofit, the room was rated generally attractive, beautiful, 

clearly arranged, colourful, and not glaring. 
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1 Introduction 

 

CommONEnergy deliverable D2.5 presents the main drivers and stakeholders for deep 

retrofitting in shopping malls. The studies very clearly underline that there are more powerful 

and influential stakeholders, like owners and managers, and others, which despite having 

interest in retrofits, are less influential like customers or community. Owners and managers 

have a direct economic interest in the retrofit, and their choice to undertake the 

refurbishment is generally based on a cost/benefit analysis. The customers “experience” 

the modified systems and structures after a retrofit intervention and are the most affected 

by the resulted indoor environmental parameters, but despite this the decisions are taken 

paying little attention on customers themselves, except trying to satisfy their pure retail 

needs (driven by marketing strategies). This work underlines the impacts of energy retrofit 

also on aspects that are not always considered drivers for the intervention but that are 

equally important to ratify its success, the indoor environmental quality (IEQ) parameters.  

In this deliverable, we will present the non-economical effects of the retrofit interventions in 

the three CommONEnergy demo cases. We will analyze how the technological solutions 

installed impact the “less powerful” stakeholders, the ones who daily live the indoor 

environment of the shopping mall: the building occupants (employers and customers). 

The installed technologies have a direct impact on the four main topics influencing the 

quality of the indoor environment: thermal, visual, acoustical comfort, and air quality.  
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2 CommONEnergy monitoring activity 

2.1 Scope and objective of monitoring activities 

In order to assess and demonstrate the soundness of the approach and solutions developed 

and implemented in the CommONEnergy project, the impacts that the retrofits have on 

several aspects was quantified. Specifically, the objectives of the monitoring activities were 

to assess the impact of retrofits regarding: 

• Thermal comfort both overall and for specific seasons 

• Visual comfort (luminance level, glare, etc.) 

• Acoustic comfort  

• Indoor air quality 

These assessments were done for the overall retrofit solutions and for the greatest extent 

possible for some specific solutions of interest. 

2.2 Monitoring framework  

Monitoring activities have been scheduled before and after the retrofits to evaluate the 

impacts of the implemented technologies. The pre-retrofit monitoring was not performed for 

Valladolid demo-case, since the market was already closed when the project started. No 

measurements were taken during the retrofits and when the shopping centres were in 

different conditions than the standard operation. Table 1 summarizes when the different 

measurements took place for the three demo-cases. 

Table 1 Demo-case monitoring and retrofit (TC:Thermal Comfort; VC: Visual Comfort; AC: Acoustic Comfort; 
IAQ: Indoor Air quality).Color references are reported in Table 2 
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Table 2 Reference colours for Table 1  

  Retrofit phase 

  Reopening ( in the case the shopping mall was closed) 

  Measurements 
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3 Monitoring Plan  

3.1 Monitoring methods and instruments 

The section below illustrates how for the different topics we conducted the measurements 

(e.g. procedures, technique, instrument, duration, etc.) and assess the impacts. 

The topics of interest focus on comfort (thermal, visual and acoustic) and on indoor air 

quality (IAQ). The measurements of environmental variables (temperature, relative 

humidity, CO2 concentration, air speed) were recorded and analysed in a real situation of 

occupation and in real time; this will provide information about indoor conditions and 

behaviour of the building. Below the measurements are described in detail for each demo-

case. 

3.1.1. Indoor thermal conditions 

The main reason, or the only one, because a building exist is to provide to its occupants 

conditions that are better than the one outside. This concept, which is derived from a 

statement of Professor Ole Fanger, highlight the mission of buildings: provide comfort to 

their occupants. For this reason, it is important to evaluate buildings also in terms of 

achieved indoor conditions, as a strong evaluation parameter to judge the goodness of a 

retrofit intervention.     

The instruments used to measure the thermal environment are in line with the prescriptions 

of ISO 7726 “Ergonomics of the thermal environment – Instruments for measuring physical 

quantities” ( EN ISO 7726:1998) and by ASHRAE standard 55 “Thermal Environmental 

Conditions for Human Occupancy” (ASHRAE Standard 55, 2013). Longer period of time, 

and in the case “post-retrofit” are part of the monitoring system connected to the iBEMS 

(see Table 3).The sensors for the measurements are listed in .Those listed as “Spot” were 

used only for short time measurements during a single day. Those listed as “Continuous” 

have been placed for a longer period, and in the case “post-retrofit” are part of the 

monitoring system connected to the iBEMS (see Figure 1) 
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Figure 1 Sensors installed in Mercado del Val and connected to the iBEMS for the evaluation of the IEQ 
conditions 

 
Despite the many years of research on thermal comfort, a lack of models that properly 

address comfort in spaces like shopping centre is observed. Shopping malls are 

characterized by small store connected by open “transitional” spaces, which represent a 

particular type of indoor environment that share characteristics with outdoor spaces and 

with traditional indoor spaces. 

In this report, the conditions will be evaluated using the Fanger’s theory as prescribed by 

the international standards ISO 7730 ( EN ISO 7730, 2006).  

In relation to Modena Canaletto demo case, some additional thermal condition spot 

measurements were performed. Spot measurements were performed using the Mobile 

Environmental Monitoring (MEMO) cart developed by EURAC (see Figure 2). For more 

information, please refer to (Belleri & Avantaggiato, 2017). MEMO is composed by: 

 two anemometers placed at 1.1 m (core level for a standing person) and 1.6 m 

(hypothetical head level); 

 two dry bulb temperature sensors placed at the same heights; 

 one globe sensors placed at 1.1 m 

The measurements were taken in different spots within the grocery store during the winter 

periods of 2015 and 2016 (before and after retrofit).The measurements positions and the 

results of these two measurements campaigns are reported in the chapter related to 

Modena Canaletto. 
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Table 3 Sensors used for the thermal comfort assessment 

Measure 
Type of 
measure 

Type of sensor Range  Accuracy  

Globe 
temperature  

Continuous 
post-retrofit 

Wall mounted globe 
thermometer  

0..+ 50°C ± 0.5°C 

Globe 
temperature  

Spot 
Globe thermometer 
with Pt100 

-50..+150°C ± 0.2°C 

Air temperature 
Continuous 
pre-retrofit 
(Modena) 

Portable data logger  -30..+70°C  ± 0.5°C 

Air temperature 
Continuous 
pre-retrofit 
(Trondheim) 

10K NTC thermistor  -25..+50°C  ± 0.4°C 

Air temperature 
Continuous 
post-retrofit 

Wall-mounted 
thermistor  

10..+35°C  ± 0.5°C 

Air temperature Spot Pt100 class A -50..+150°C ± 0.2°C (-25..+74.9°C) 

RH 
Continuous 
pre-retrofit 
(Modena) 

Portable data logger 0 – 100% ± 2% 

RH 
Continuous 
pre-retrofit 
(Trondheim) 

Capacitive (integral) 0 – 100% ± 3% 

RH 
Continuous 
post-retrofit 

Wall-mounted 
digitally profiled thin-
film capacitive 

0 – 95% ± 2% 

RH Spot HC 101 sensor 0 – 100% 
± 2% RH (0-90%RH) 
± 3% RH (90-100%RH) 

Air speed Spot 
Omnidirectional 
anemometers  

0.05 – 5 m/s 
0.02 m/s + 1.5% of 
reading 

CO2 
Continuous 
post-retrofit 

Non-dispersive 
infrared 

0 – 2000 ppm 
±1.5% of measurement 
range ± 2% of 
measured value 

Luminosity 
Continuous 
post-retrofit 

Luminosity sensor 
0 – 400 lx       
0 – 20 klx 

±5% 

 

For both “Continuous” measurements and “Spot” measurements, for each measurement 

point, PMV and PPD parameters were calculated and the thermal comfort state was 

assessed according to the categories prescribed by the European standard EN 15251 ( EN 

ISO 15251, 2008), which ranges are described in Table 4. 

 

 

 

 

 

 

 



 
 
 
 

 

12 
 

Deliverable D6.5 – IEQ results 

Table 4 Thermal comfort categories prescribed by the EN 15251 ( EN ISO 15251, 2008) 

Category Explanation PMV PPD 

I 

High level of expectation and is recommended for 

spaces occupied by very sensitive and fragile 

person with special requirement like handicapped, 

sick, very young children and elderly person 

-0.2 < PMV < 0.2 < 6 % 

II 
Normal level of expectation and should be used 

for new buildings and renovations 
-0.5 < PMV < 0.5 

<10 

% 

III 
An acceptable, moderate level of expectation and 

may be used for existing buildings 
-0.7 < PMV < 0.7 

< 

15% 

IV-NC 

Values outside the criteria for the above 

categories. This category should only be accepted 

for a limited part of the year 

-0.7 >PMV > 0.7 >15% 

 

 

Figure 2 Mobile Environmental Monitoring (MEMO) cart developed by EURAC used during the measurements 
in Modena, Canaletto. 

3.1.2. Indoor air quality 

Indoor air quality measurements were performed in the three demo-cases looking at indoor 

concentration of formaldehyde and different VOCs listed in Table 5. The measurements 

were performed in two points within each demo cases and outside for two weeks, before 

and after the retrofit for City and Modena Canaletto, while just after retrofit for Mercado da 
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Val. Figure 3 showed a picture describing the structure of the sampler used for the 

measurements. 

Table 5 list of VOCs measured in the three demo cases 

Benzene o-Xylene 

Tetrachloroethylene Hexane 

Ethylbenzene 2-Butoxyethanol 

Toluene Heptane 

m/p-Xylene Octane 

 

For Modena Canaletto demo case, measurement of particulate matter, PM2.5 and PM10, 

were also performed after the retrofit for one week in January 2017 (from 16th to 24th). Two 

Dustracker DRX 8533 aerosol monitor were used, one positioned inside the supermarket, 

and one positioned close to a façade facing outside, with a pipe connected to outside in 

order to sample the outdoor concentration. The acquisition time step was set at 15 min. A 

picture and the technical specification are reported in Figure 4. 

 

 
Figure 3 Example of a sampler for the VOCs measurements 

 

 

 

Measurement range 0,001 - 150 mg/m3 

Accuracy ± 0.1% of reading or 0.001 mg / m3 

Zero stability 
±0.002 mg/m3 24 hours at 10 sec 
time constant 

Particle size range Approximately 0.1 to 15 μm 

Flow rate 3.0 L/min 

Flow accuracy ±5% Internal flow controlled 

Operation 
temperature 

0 to 50°C 

Figure 4 Dustracker DRX 8533 aerosol monitor: picture (left) and specification (right) 
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Taking advantage of the sensors connected with iBEMs in the different demo cases, the 

levels of carbon dioxide were verified after retrofit according to the categories prescribed by 

the EN 15251 ( EN ISO 15251, 2008) reported in Table 6.Specification of the sensors used  

are reported in Table 3. 

Table 6 Threshold categories for CO2 according to EN15251 

Category Corresponding CO2 above outdoors in ppm  

I 350 ppm 

II 500 ppm 

III 800 ppm 

3.1.3. Visual comfort  

Measurements about visual comfort were performed just in Trondheim, in the Jens Hoff 

shop which lighting concept was renovated within the project. 

The measurements consists in both general lighting measurements(including spectrum, 

general colour rendering index CRI (Ra), special colour rendering index and correlated 

colour temperature (CCT) and specific lighting measurements combined with a survey 

among shop customer through a questionnaire which details are going to be presented in 

the paragraph 6.4.3,6.4.4 and 6.4.5. 

In relation to lighting aspects, the evaluation through the questionnaire includes: 

 room appearance and room comfort 

 product presentation 

The survey was conducted twice, before the refurbishment (Test Series I with existing 

lighting solution) and for the second time after refurbishment (Test Series II with new zonal 

lighting concept at daytime milieu and new types of luminaire, test of night time milieu was 

not possible due to dating in summer season). This procedure allowed to test lighting aspect 

for condition before and after refurbishment. 

The survey was conducted  at three locations (A,B,C) in the shop which showed in Figure 

5. In Table 8 a resume of the main aspect investigated are collected.  

Table 7 Location and main aspects for evaluation in each location and viewing direction 

Location Main aspects of light Part 

Location A Room appearance and comfort evaluated from outside the shop Questionnaire 
Part 1 

Location B Product presentation in front of not accentuated merchandise 
wall (under special consideration of newly developed wallwasher 

Questionnaire 
Part 2 

Location C Room appearance and comfort evaluated from inside the shop 

 

questionnaire 
Part 3 
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Table 8 Time table for survey execution 

 

Questionnaire 

Part 1 Part 2 Part 3 

Room 
appearance 
from outside 
Location A 

Product 
presentation @ 
wall 
Location B 

Room 
appearance 
from inside 
Location C 

Test 
Series 

Date Description 

I 
2 days in 
November 
2016 

Before 
Refurbishment 

-No dedicated 
lighting concept ( 
quasi-
homogeneous) 
-Only Spots 

No daylight N=41 partecipants 

II 

2 days in 
February 
2017 
 

After 
Refurbishment 
-Zoned lighting 

concept 
-New wallwasher 
luminaires 

Daytime milieu 
(4000 K, high 
intensity, 
influence from 
natural light) 

N=45 partecipants 

 

Test persons look in a prescribed view direction to evaluate a fixed scene from these 

different locations (see Figure 5). The participants, engaged on-site, were motivated for 

participation offering a 100 NOK (ca. 11EUR) voucher for the Jens Hoff shop.   

The specific lighting measurements performed in combination with the questionnaire are 

reported in Table 9 while in Figure 6 a picture of the instrumentation used is showed.  

The procedure of the experiment consisted in different steps, which were: 

 Marking viewing position A to C in the shop; 

 Engaging participants in the shop, offering a shopping voucher; 

 Stating survey at location A; 

 Filling out start time by conductor; 

 Asking to fill out gender and age; 

 Short explanation at every location; leading participant from location A to B to V 

when they finished the particular part; 

 Location A (room appearance/room comfort): every participant fills out the 

questionnaire Part 1 (one A4 page). Information to test person: View direction into 

the room, evaluation of room appearance; 

 Location B (product presentation): every participant fills out questionnaire part 2 

(one A4 page) information: view direction to the specific merchandise wall, 

evaluation of product presentation; 

 Location C: (room appearance/room comfort): every participant fills out 

questionnaire part 3 (one A4 page); information to test person: view direction into 

the room (rear part), evaluation of room appearance; 

 Filling out end time by conductor, checking survey questionnaire regarding 

completeness; 

 Handover the voucher. 
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The key aspect for the evaluation of the data collected through the questionnaire are 
presented in the Annex. 
 

 

Figure 5 Overview of the measurements locations 

  

 

Figure 6 Visual com fort measurement device 
 
 
 
 
 
 
 
 



 
 
 
 

 

17 
 

Deliverable D6.5 – IEQ results 

Table 9 Tabular listing of measurements 

 

3.1.4. Acoustic comfort  

Commercial buildings must meet particular acoustic requirements in order to achieve a 

good environment. In such spaces, the acoustic comfort is a major concern due to the large 

volume and a great number of users that cause a long reverberation and noise, respectively.  

One of the most relevant parameters in the evaluation of the acoustic comfort is the 

reverberation time. When a sound source in a room is stopped suddenly, the sound decays 

due to the absorption of elements inside the room. This time is proportional to the volume, 

therefore the bigger the room the larger the reverberation time is. As this parameter refers 

to the phenomenon of sound that continues to be present in a room, when noise is present 

this will provoke more interference with speech. 

DIMENSION MEASUREMENTS / COMPONENT INVESTIGATION
Investigation / Measurement Measurement Device Intended Analysis

Position, Dimensions (LxWxH) of room merchandise cabinets 

Position, Dimensions (LxWxH) of wall merchandise shelves

Position, Dimension of powertrack

Number, position of luminaires, operating condition (faulty or not)

Type of lamp (photo, manufacturer data sheet) CCT, CRI, Lumen Maintenance, 

Luminous efficacy, spectrum

Type of reflector (photo) Cut-off?

Sample of luminaire Measurement of luminaire efficiency

GENERAL LIGHTING MEASUREMENT
Investigation / Measurement Measurement Device Intended Analysis

Grid measurement of horizontal illuminance for the shop (160cm height 

above floor level)

Illuminance sensor, display unit Illuminance distribution at shop, 

estimate of illuminance range

Reflectance coefficient of wall, floor, ceiling (at different locations) Illuminance sensor, display unit

Typical CRI, CCT, spectrum at typical shop location Genius mobile

SPECIFIC LIGHTING MEASUREMENTS

Investigation / Measurement Measurement Device Intended Analysis

Measurement at wall merchandise shelf (Merchandise presentation) (= location B of IEQ survey)

Photo of view perspective of this location Canon

Grid measurement of horizontal and vertical illuminance at merchandise 

wall and in front of merchandise wall (floor) (wallwasher RDB-DW!)

Illuminance sensor, display unit, 

tripod

Intensity, homogeneity at 

merchandise presentation

Measurement of CRI, CCT, spectrum at merchandise shelf Genius mobile IEQ

Luminance photo of perspective view (with/without fisheye) Canon

Measurement at room cabinet (Merchandise presentation)

Photo of view perspective of this location Canon

Grid measurement of horizontal and vertical illuminance at room cabinet 

and in front of room cabinet (floor)

Illuminance sensor, display unit, 

tripod

Intensity, homogeneity at 

merchandise presentation

Measurement of CRI, CCT, spectrum at merchandise shelf Genius mobile IEQ

Luminance photo of perspective view (with/without fisheye) Canon

Measurement at location A of IEQ survey

Photo of view perspective of this location Canon

Measurement of horizontal and zylindrical illuminance (each with a grid 

of 4 values)

Illuminance sensor, display unit, 

tripod

Vertical illuminance at eye level of 

scene

Luminance photo of perspective view (with/without fisheye) Canon

Measurement at location C of IEQ survey

Photo of view perspective of this location Canon

Measurement of horizontal and zylindrical illuminance (each with a grid 

of 4 values)

Illuminance sensor, display unit, 

tripod

Vertical illuminance at eye level of 

scene

Luminance photo of perspective view (with/without fisheye) Canon

Measurement glare analysis

Photo of view perspective of this location

Illuminance measurement of a) glaring luminaire solely (tubus) b) whole 

scene in direction of luminaire c) whole scene in direction of luminaire 

(glareing luminaire covered), 2 locations

Illuminance sensor, display unit, 

tripod, tubus, covering

UGR of position

Dimension measurements (position of observer, position of glaring 

luminaires), 2 locations

Luminance photo of perspective view (with/without fisheye) Canon
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Therefore, the reverberation time is also related to the background noise level. This means 

the noise level will increase with increasing of the reverberation time and this will generate 

difficulties for the communication between users inside the building. Besides, it could 

interfere in the attention for receiving important messages by Public Address System (i.e. 

evacuation messages in emergency situations). 

In terms of speech intelligibility, the cross-talking of customer during shopping is an 

important issue to consider when the acoustic comfort of a market is defined. For that 

reason, it is necessary to ensure a proper reverberation time to understand speech fully.  

Markets, shopping malls and other kinds of shopping facilities have not defined specific 

acoustic requirements regarding acoustic comfort inside. Nevertheless, the results of two 

experimental researches ( (Kang, Yap, Meng, & Chen, 2007), (Rodrigues, Silva, & Ferreira, 

2-7 September, 2007)) defined some reverberation time and background level criteria to 

ensure an adequate acoustic comfort.  

These researches highlight the source-receiver positions in the time reverberation 

measurement is an important issue to consider due to the variability of the results is 

significant. The geometrical form of the room plays an important role in this parameter. 

A measurement campaign of this parameter is proposed in this document for the evaluation 

of the final quality of the building and finally, if it is necessary, different strategies will be 

analysed to attain the defined requirements. Additionally, a test of speech interference level 

will be measured to determine if the background noise interfere in users conversations. 

 

Measurements procedure of  reverberation time 

Reverberation time is defined as the time it takes the sound level to decrease 60 dB when 

a sound source is switched off in a room. 

The measurement procedure follows what it is described by the (ISO 3382-1:2009) which 

prescribe measurements of room acoustic parameters. In this case, commercial buildings 

are considered large spaces, therefore the integrated impulse response method will be 

carried out. This method uses an impulsive noise source that excites the room and the 

response of the system to this impulse is recorded to be analysed. 

The needed equipment and requirements to determine the reverberation time are: 

 an omnidirectional microphone to comply with the specifications of the standard;  

 a sound level meter to satisfy the standard IEC 61672-1 about the one-third filters; 

 the frequency range of interest shall cover one-third octave bands from 100 Hz to 5 

kHz (this range can be extended);  

There should be no distortion or overload in the measurement chain. The specifications of 

the measurement equipment are reported in Table 10. 
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Table 10 Equipment for acoustical measurements in Mercado del Val 

Instrumentation Type Serial Number Brand 

Impulse source 20GA 141400033108 Ardesa 

Microphone 4189 2620957 B&K 

Sound level meter 2250 2619919 B&K 

Sound level calibrator 4231 2610295 B&K 

 
The impulsive source shall produce a peak sound level pressure enough to ensure a decay 

curve 45-35 dB over the background noise. 

The number of measurement positions, will depend on the coverage required and the room 

volume. The reverberation time will be the result of a spatial averaging to take sufficient 

samples to determine the mean value with a low level of uncertainty. 

The temperature and humidity should be measured as well because they might affect the 

sound absorption of the air at high frequencies. The chain of measurement equipment shall 

be verified at the beginning with the aim of testing any kind of distortion or overload 

disturbing the system. 

The source and receptor positions shall be representative of the total space. It has been 

considered the minimum distance between the source and the microphone shall be 1 m, 

0.7m between microphone locations and 0.5m between the microphone position and any 

surface. 

The source and receptor positions will be taken the measurement campaign, as well as 

their heights. Finally, the chain of measurement equipment shall be verified again to test 

any change during the measurement. 

Measurements procedure of Intelligibility 

Speech communication between sales men and clients is an important parameter for an 

adequate development of the market activity therefore, instead of a measurement of the 

sound reduction index of the façade, a measurement of intelligibility (how comprehensible 

the speech is in given conditions) has been proposed. 

Different methods can be applied in order to measure this property. In this case, the method 

outlined in the standard ISO 9921:2003 (ISO 9921:2003) has been selected. The speech 

interference level is used to evaluate the quality of direct speech communication in a noisy 

environment. 

The subtraction of the parameters defined below determines the quality of communication: 

 Conversational speech level: It is the equivalent continuous noise level, A weighted, 

measured at the distance of 1m from the speaker, corrected by a factor related to 

the sound pressure level, by the distance between speaker and listener and by 

factors considering no native elements.   

 Background noise level: It is calculated by averaging the maximum sound level in 

the market, A-weighted and Slow-weighted, measured at the listener position for the 

octaves 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz.  

http://www.acoustic-glossary.co.uk/frequency-weighting.htm
http://www.acoustic-glossary.co.uk/time-weighting.htm
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In this case, the sound level meter and the sound level calibrator compose the required 

equipment. 

The acoustic comfort measurements were performed only for Mercado dal Val in Valladolid. 

The procedure followed for the specific demo case is therefore described in details in 

paragraph 4.3. 
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4 Valladolid, Mercado del Val 

4.1 Thermal comfort post retrofit  

Indoor air temperature, globe temperature, air speed, and relative humidity were measured 

in different locations within the shopping mall. The sensors have been permanently installed 

in the market and connected to the iBEMS (listed as “Continuous” in Table 3). The location 

of the sensors used for the continuous measurements are shown in Figure 7. 

 

Figure 7 Thermal comfort measurements points in Valladolid 

 

PMV and PPD parameters were calculated and the thermal comfort state was assessed 

according to the categories prescribed by the European standard EN 15251 ( EN ISO 

15251, 2008) , which ranges are described in  

 

 

 

 

 

 

 

Table 4. 

The assessment was performed for location 2, 5 and 6 since the direct measurement of the 

globe thermometer, and therefore of the operative temperature, was available. The 

assessment is related to summer period, based on the data available after the entry in 

operation of the iBEMs. The assessment was possible with some assumption, which are 

collected in Table 11. In relation to clothing level in summer period we either tested 0.5 clo 
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(reference value according to EN ISO 7730) but also 0.38 clo was considered according to 

output related to the study about thermal comfort in shopping centres common area 

presented in the project deliverable D3.3 (Belleri & Avantaggiato, 2017). 

 

 

 

Table 11 Period of analysis and assumptions for thermal comfort assessment after retrofit for Mercado del Val 

Post -Retrofit Analysed period Assumptions 

Summer 01/06/2017-30/08/2017 

air velocity 0.08 m/s 

clothing level 0.5 clo and 0.38 clo 

activity 1.6 met 

 

The results, respectively for 0.38 and 0.5 clo are showed in Table 12 and Table 13. In both 

cases the highest distribution of hours is in category IV meaning that there is no compliance 

with standard regulations. The proper operation of their HVAC regulation is therefore 

questioned.  

Table 12 Summer conditions from 01/06/2016 30/08/2017 with 0.38 clothing level (for location refer to Figure 7) 

Location 
Avg 
TGobe 

[ºC]  

Hours 
in  

cat. I 

Hours in 

cat. II 

Hours in 

cat.III 

Hours 

NC 

%  

cat.I 
%  

cat.II 

% 

cat.III 

% 

  cat 

IV-NC 

2 24.6 230 354 245 536 17% 26% 18% 39% 

5 23.5 245 423 295 402 18% 31% 22% 29% 

6 25.2 182 299 186 698 13% 22% 14% 51% 

 

Table 13 Summer conditions from 01/06/2016 30/08/2017 with 0.5 clothing level (for location refer to Figure 7) 

Location 
Avg 
TGobe 

[ºC]  

Hours 
in  

cat. I 

Hours in 

cat. II 

Hours in 

cat.III 

Hours 

NC 

%  

cat.I 
%  

cat.II 

% 

cat.III 

% 

  cat 

IV-NC 

2 24.6 196 335 252 582 14% 25% 18% 43% 

5 23.5 190 468 321 386 14% 34% 24% 28% 

6 25.2 156 294 212 703 11% 22% 16% 52% 

 

In Figure 8, globe temperatures and outdoor temperature trends are shown during a week 

in June 2017. As it is visible indoor temperatures are quite high going beyond 29ºC meaning 

that the control of the HVAC system is not adequately fine-tuned to guarantee comfortable 

conditions inside the market. The regulation of the HVAC system is  therefore under 

optimization. 
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4.2 Indoor air quality (IAQ) post retrofit  

4.2.1. VOCs 

When the project started the Valladolid Market was not open to public therefore we did not 

have the opportunity to conduct the measurements before the retrofits but only after. The 

measurements lasted two weeks from 6th to 20th July 2017. 

The outdoor sample was located close to a lateral façade as pointed in Figure 9. 

 
Figure 8 Globe temperature trends in location 2, 5 and 6 in relation with the outdoor temperature for a week in 
July 2017 (12/06/2017-18/06/2017) 
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Figure 9 Location of the outdoor sampler 

 

Indoor samples were located in two different positions within the market, close to the 

entrance and the restaurant area as showed in Figure 10. Figure 11 shows some pictures 

taken during the installation.  

 
Figure 10 Location of the points for VOCs measurements within Mercado dal Val 
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Figure 11 Pictures of the positions of the indoor samples: point 1 (right) and point 2 (left) ( refer to Figure 10 for 
location within the Mercado dal Val) 

 

The concentration of the nine compounds tested in the two different location and outside 

are showed in Figure 12. While for 7 of these compounds the indoor concentrations are 

similar to those outside, for 2 compounds Formaldehyde and xylenes the indoor 

concentrations are much greater than outside; the ration indoor/outdoor is therefore of 3.1 

for formaldehyde and 4.6 for xylenes. Fortunately, however the concentrations detected are 

still below the CA EPA thresholds (Loque, McKone, Sherman, & Singer, 2011). The 

complete report of the analysis can be found in the Annex II.  

4.2.2. Carbon Dioxide concentration 

Under summer conditions, from 1st of June till 30th of August the CO2 concentration inside 

Mercado dal Val meet the requirements of the standard EN 15251 as reported in Table 6. 

The environment can be indeed classified in category I for all the measurements points 

except for location 4 where the CO2 level shows some peaks probably due to high density 

of costumers. In general, the level of CO2 concentration inside the building meets the 

requirements proving. 
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Figure 12  Concentration of VOCs in two different points within the market in correlation of the values recorded 
outside 
 

 
Figure 13 Level of CO2 concentration in Mercado dal Val from 1st June 2017 till 30th August 2017 compare to 
threshold categories according to EN 15251 ( EN ISO 15251, 2008) 

4.3 Acoustic measurements post retrofit 

The performance of Mercado del Val architecture was assessed from an acoustical point of 

view. 
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The market is located in a residential area. According to the noise map of the city the highest 

Day Noise Level is equal to 75 dBA. Due to the activity developed inside, this building does 

not require a high acoustic insulation of the façade and the acoustic insulation analysis is 

not critical in this case. However, an important factor influencing the comfort in a public use 

building are the reverberation time (s) and the speech interference Level SIL (dB) which 

level are measured at two different area of the market: the restaurant area and the sales 

area respectively marked in red and blue in Figure 14. The typology of measurements 

carried out in the two areas are reported in Table 14. 

Table 14 Acoustical parameters in Mercado del Val 

 Market Area Parameter 

Restaurant area T (s) 

Sales area T (s) y SIL (dB) 

 

 
Figure 14 Distribution of ground floor and mezzanine in Mercado del Val 

4.3.1. Description of the measurements procedure 

The parameters measured and calculated are related: 

 Reverberation time, T (s). 

 A-weighted equivalent sound level measured over a dialogue, LS,A,1m (dB). 

 Maximum sound pressure level (slow time weighting), LN,oct,i (dB). 

 Speech interference level, SIL (dB). 

 Speech interference noise level, LSIL (dB). 

 
Characteristic of the demonstrator 

Built at the end of the 19th century, the Mercado del Val has been refurbished during the 

last two years. It is composed by a glass façade supported by a steel structure and 

comprises two floors: the ground floor, where almost 50 market stall are located, and the 

mezzanine floor, where the restaurant and offices are placed. In Figure 15 the new façade 

of Mercado dal Val is reported.  
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Acoustic measurement procedure 

For the calculation of the reverberation time T(s) the procedure described in the ISO 3382 

was followed (ISO 3382-1:2009). 

An impulsive sound is generated by mean of an impulsive sound source placed at different 

positions in the room and the time to drop 60 dB below the original sound level is recorded 

at different microphone positions (receptors). The equipment used for the analysis was 

already presented in Table 10 while in Figure 16 some pictures took during the 

measurements are showed. 

 
Figure 15 New façade of Mercado dal Val 

 

  
Figure 16 Example of equipment used for the measurement of the reverberation time 

 

For the restaurant area two source positions and three microphone positions were 

considered while in case of the  sales area, three source positions and five microphone 

positions for each one have been disposed. In Figure 17  the configuration for both cases 

is presented. 

The frequency range measured is from 125 Hz to 4000 Hz, divided in 1/3 octaves. The 

global reverberation time is calculated as an average of the reverberation times measured 

in each microphone position. Additionally, the background noise is recorded in the same 

positions. 
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Figure 17 Configuration of the reverberation time measurements 

 
For the evaluation of the speech interference level SIL, the procedure defined in the ISO 

9921:2003 (ISO 9921:2003) was followed. 

The first step is to measure the A-weighted equivalent sound level of a dialogue between 

the sales man and the client, microphone placed 1 m from the sales man. This level has to 

be corrected by different factors: level of speech, use of hearing protection, distance from 

speaker to listener and native condition of the participants. 

The second step is to measure the equivalent level of the interference background noise in 

the four octave bands 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz, with slow time weighting, 

during 15 s, and to calculate the average.   

The difference between these two levels determines the intelligibility of the room. 

Figure 18 shows the configuration of the SIL measurements within the sale area and Figure 

19 presents a picture of the configuration used during the measurements for the evaluation 

of verbal communication at the sales area. 

 

 

 
 

 

Figure 18 Configuration of SIL measurement 
 
 



 
 
 
 

 

30 
 

Deliverable D6.5 – IEQ results 

 
Figure 19 Configuration of the measurement of the evaluation of verbal communication at the sales area 
 

The measurements were performed when the market was still closed which means that, 

even though the measurement conditions were designed to recreate the actual operation 

of the market, the results may not reflect the real performance. 

4.3.2. Results analysis 

Reverberation time was calculated from the decay of sound starting 5 dB below the 

stationary level until 10 dB over the background noise, with equation (1): 

T=-
60

m
      (1) 

where: 
m is the gradient of the decay. 

In practise, because of background noise levels in the room, it is not possible to record a 

decay of 60 dB. In this case, reverberation time is calculated over a 20 dB drop and it is 

multiplied by three. This time is called T20. 

If the reverberation time is calculated for each third octave band, the global value is obtained 

as the average of the bands between 400 Hz and 1250 Hz, according to equation (2) 

 

Tmid=
∑ Ti

n
i

n
         (2) 

where: 
Ti (s)  is the reverberation time of frequency band 
n is the number of frequency bands (6) 
 

The speech interference level SIL (dB) is defined through equation (3):  

 

SIL=LS,A,L- LSIL     (3) 

where  
LS,A,L is defined by equation (4) 

LS,A,L= LS,A,1m+ AL     (4) 

 
where 
LS,A,1m (dB)  is A-weighted equivalent sound level measured over a dialogue 1 m 
from the speaker;  
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AL (dB) is sum of correction factors as background noise, level of speech, use of 
hearing protection, distance from speaker to listener and native condition of the 
participants; 

LSIL is defined by equation (5) 

LSIL= 
1

4
∑LN,oct,i     

 (5) 
where: 
LN,oct,i (dB) equivalent level of the interference background noise in the four 
octave bands (i) 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz, with slow time weighting, 
during a particular time. 

 

The evaluation of the verbal communication by mean of SIL parameter is done by the 

following classification of the intelligibility showed in Table 15. 

Table 15 Classification of intelligibility. 

Evaluation of intelligibility SIL (dB) 

Excellent 21 

Good 15 – 21 

Adequate 10 – 15 

Poor 3 – 10 

Bad < 3 

 
The results of the reverberation time measurements can be expressed as a global value 

(as it is shown in the following table) and in third octave bands (as it is shown in the figure) 

As reported in Table 16 and in the graph presented in Figure 20, reverberation times in 

different areas of the market are quite similar. The global values of reverberation time are 

higher than the recommendation of specialized bibliography for a correct communication in 

an empty market (Calejo, Silva, & Ferreira) which proposed a valued 1,9 s < Tmid < 2,1 s 

(Calejo, Silva, & Ferreira). 

Likewise, the reverberation time in third octave bands exceeds this recommendation in the 

range of 500 Hz to 4 kHz, where the human voice spectrum is located that it could produce 

problems in the communication between users. 

Table 16 Reverberation time in Mercado dal Val 

Market area T20,mid SI 

Restaurant area 

(Mezzanine) 
2.8 s 

Sales area (Ground floor) 2.9 s 
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Figure 20 Reverberation time in third octave bands in Mercado del Val 

 

The results of the speech interference level SIL (dB) are reported in Table 17. A poor 

intelligibility in the market can cause problems concerning the communication and 

comfortability of the workers in the market. For this reason, an improvement of the current 

conditions of the market would be recommended.  

 

 

Table 17 Speech interference level in Mercado del Val 

Market area SIL (dB) Intelligibility 

Sales area 
(Ground Floor) 

3.1 > 3 Poor 
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4.3.3. Final consideration on acoustic measurements in Mercado del Val 

The most important conclusions from this study can be grouped in the following two points: 

 The reverberation times at the restaurant area (2.8 s) and the sales area (2.9 s) 

exceed the recommendations in the specialized bibliography. An increase of the 

sound absorption surface would be suggested; 

 The intelligibility of the market is classified as poor thus it is necessary to consider 

the review of the conditions of the market once it will be open and to propose 

improvement options. 
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5 Modena, Canaletto 

5.1 Thermal comfort assessment through spot measurements  

Due to the changes in the layout of the supermarket, it was not possible to perform the 

measurements at the same positions before and after retrofit. The measurements point 

before and after retrofit are showed in Figure 21 while Table 18 resumes the period of 

measurements campaign and the assumption for the estimation of the PMV and PPD. 

 The assumption are the following:  

 relative humidity equal to 40%  (during the tests the measured relative humidity was 

always 40% ±5%); 

 winter clothing value (CLO) equal to 1.1. Although, the standard suggest to use 1.0 

has winter clothing (measurements have been performed in December and 

January), we noticed during the tests that the customers were heavily dressed. Very 

often they did not even take off they coat. For this reason, we decided to slightly 

increase the clo value compare to standard winter values. 

 metabolic activity was assumed according to the European standard comfort EN 

7730 ( EN ISO 7730, 2006) which suggest a value of 1.6 met for the shopping 

activity. 

 

Pre Retrofit Post Retrofit 

  

Figure 21 Floor plans of the Supermarket before and after the retrofit. Red starts indicates where the spot 
measurements took place 
 

For each measurement point, PMV and PPD parameters were calculated and the thermal 

comfort state was assessed according to the categories prescribed by the European 

standard EN 15251 ( EN ISO 15251, 2008), which ranges are described in Table 4. The 

measured data for each point for both pre-retrofit and post-retrofit are reported in  

Table 19   for direct comparison. The table also summarized the PMV and PPD values, and 

the respective category in which the point falls. The improvements after the retrofit are quite 

evident. While in the pre-retrofit the majority of the points where not complaint (NC) with the 

standard recommendations, causing potential thermal discomfort for the customers, after 
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the retrofit all the point fall into category II. The operative temperature never exceeded 20°C 

(on average 3.6°C less than before retrofit), guaranteeing comfort in the whole indoor 

environment. 

Table 18 Date of the measurements campaign and assumptions for thermal comfort assessment through spot 
measurements 

Period Date of the measurement campaign Assumption 

Pre-retrofit 21/12/2016 
relative humidity equal to 40% 
clothing level 1.1 clo 
metabolic activity 1.6 met   

Post-retrofit 16/01/2017 
relative humidity equal to 40% 
clothing level 1.1 clo 
metabolic activity 1.6 met   

 

Table 19 Indoor environmental parameters before and after the retrofit, and relative estimation of PPD and PMV. 

 
 
Poin
t 

Tair 
[ºC] 

std 
Vair@1.1m 
[m/s] 

std 
Top 

[ºC] 
std 

Tair@1.6m 
[ºC] 

std 
Vair@1.6m 
[m/s] 

std 
EN-15251 

 PMV PPD Category 

P
re

-r
et

ro
fi

t 

1 22.6 0.1 0.15 0.09 22.5 0.1 25.1 0.1 0.14 0.07 0.70 15% IV-NC 

2 21.9 0.1 0.11 0.07 21.6 0.2 25.0 0.1 0.05 0.05 0.63 13% III 

3 23.2 0.1 0.10 0.04 23.3 0.1 25.0 0.1 0.10 0.05 0.86 21% IV-NC 

4 23.3 0.1 0.07 0.03 23.7 0.1 24.8 0.1 0.10 0.05 0.96 24% IV-NC 

5 22.9 0.1 1.19 0.31 23.3 0.1 24.1 0.1 0.48 0.22 0.64 14% III 

6 22.9 0.1 0.09 0.05 23.5 0.1 23.8 0.1 0.14 0.06 0.85 20% IV-NC 

7 22.9 0.1 0.09 0.05 23.6 0.1 23.9 0.1 0.16 0.06 0.85 20% IV-NC 

8 23.8 0.1 0.08 0.05 24.4 0.1 25.2 0.1 0.05 0.04 1.07 29% IV-NC 

9 23.2 0.1 0.09 0.06 24.2 0.2 24.7 0.1 0.13 0.05 0.97 25% IV-NC 

10 22.6 0.2 0.06 0.05 23.1 0.2 25.0 0.1 0.05 0.04 0.86 21% IV-NC 

P
o

st
-r

et
ro

fi
t 

1 19.3 0.1 0.04 0.04 19.9 0.1 20.9 0.1 0.03 0.03 0.36 8% II 

2 19.2 0.1 0.07 0.05 19.7 0.1 20.3 0.1 0.08 0.06 0.33 7% II 

3 18.9 0.1 0.11 0.06 19.3 0.1 20.6 0.1 0.09 0.06 0.27 7% II 

4 19.0 0.1 0.10 0.06 19.7 0.1 21.4 0.1 0.08 0.05 0.33 7% II 

5 19.2 0.1 0.07 0.04 19.7 0.1 21.3 0.1 0.08 0.04 0.33 7% II 

6 18.7 0.1 0.11 0.05 19.5 0.1 20.7 0.1 0.09 0.05 0.30 7% II 

7 19.2 0.1 0.09 0.04 19.8 0.1 20.6 0.1 0.06 0.04 0.35 8% II 

8 19.3 0.1 0.11 0.08 20.0 0.1 20.6 0.1 0.09 0.05 0.38 8% II 

9 19.3 0.1 0.06 0.05 19.8 0.1 21.0 0.1 0.03 0.03 0.35 8% II 

10 19.1 0.1 0.08 0.03 19.9 0.1 20.3 0.1 0.09 0.05 0.36 8% II 

 

5.2 Thermal comfort pre-retrofit (“Continuous” measurements) 

A long-term measurement campaign was conducted before the retrofit. From December 

22th 2015 till early August 2016, once the retrofit process started in the supermarket, indoor 

air temperatures and humidity were measured in different location within the grocery store, 

by means of portable data loggers (listed as “Continuous” pre-retrofit Modena in Table 3 ). 
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The position of the sensors from December 2015 to August 2016 is reported in Figure 22. 

 

Position of the sensors from December 

2015 till March 2016 

Position of the sensors from March 2016 

till  August 2016 

  
Figure 22 Positions of the sensors during the pre-retrofit measurement campaigns 

 

Because of several problems (e.g. some sensors got lost during the campaign, some other 

not properly functioning) the available data from the sensors may vary according to the 

period considered. For the thermal comfort assessment pre-retrofit in summer period, just 

two sensors were available for data analysis (sensor in position 4 and 9, refer to Figure 22). 

Despite these issues, the data collected were enough to characterized thermal comfort 

before the retrofit under both winter and summer conditions for a quite long period.  

Again, in order to evaluate the PMV-PPD parameters some assumptions were needed. 

Firstly, since no direct measurement of the mean radiant temperature was possible, this 

was assumed equal to the indoor air temperature measured. As a consequence the 

operative temperature, Top  will be as well equal to the indoor air temperature ( EN ISO 

7730, 2006).Then, in relation with the air velocity, a value of 0.08 m/s was assumed which 

correspond to the average value measured during the spot thermal conditions 

measurements operated with MEMO that was previously described in paragraph 1.1. We 

than assumed a metabolic activity of 1.6 met (EN ISO 7730) and a clothing level of 1.1 clo 

for winter season. The choice of these values were already justified in paragraph 5.1. In 

relation to the clothing level in summer period we either tested 0.5 clo and 0.38 clo which 

reasons are already explained in paragraph 4.1. In Table 20 a resume of the assumption is 

reported together with the specification of the winter and summer period considered for the 

analysis. The analysis was conducted only for occupied hours which means from 8:00 

a.m.to 8:30 p.m.  

The average operative temperature measured are quite high for winter conditions which 

results in a non-compliance with thermal comfort standard for almost all the points, as 

reported in Table 21. Only for point 2, the average value of the operative temperature is 

acceptable but this location is close to the open refrigerant cabinets meaning that the value 

is influenced by the cold wasted by the cabinets. Therefore, even though the value is 

acceptable, the generation of such condition is the results of an energy waste process very 
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often observed in supermarket. The average values of the relative humidity are in line with 

the design ranges suggested by the EN 15251 ( EN ISO 15251, 2008) which foreseen for 

category  II a range of humidity to be guaranteed between 25% and 60%. 

Table 20  Period of analysis and assumptions for thermal comfort assessment before the retrofit 

Pre-Retrofit Analysed period Assumptions 

Winter 22/12/2015-13/02/2016 

Ta = Tr 

clothing level 1.1 clo 

activity 1.6 met 

air velocity 0.08 m/s 

Summer 01/06/2015-02/08/2016 

Ta = Tr 

clothing level 0.5 clo and 0.38 clo 

activity 1.6 met 

air velocity 0.08 m/s 

Table 21 Thermal comfort results under winter conditions 

Location 
Avg Top 

[ºC]  
Avg RH 
[%] 

Hours in 
cat. I 

Hours in 
cat. II 

Hours in 
cat.III 

Hours NC 
%  
cat.I 

%  
cat.II 

% cat.III 
% cat IV-
NC 

5 21.9 35 89 316 399 595 6% 23% 29% 43% 

2 20.9 35 136 548 479 236 10% 39% 34% 17% 

4 23.4 31 0 78 216 1105 0% 6% 15% 79% 

7 24.5 27 0 37 99 1263 0% 3% 7% 90% 

1 24.9 27 0 30 72 1297 0% 2% 5% 93% 

 

Table 22 and Table 23 report the thermal comfort assessment under summer conditions 

respectively considering 0.50 clo and 0.38 clo. For location 9 which correspond to the 

check-out area, a non-compliance with thermal comfort standards is observed (65% of the 

occupied time in IV category). For location 4 thermal condition are in compliance with the 

standards, with better condition guaranteed when the clothing level considered is 0.38 clo. 

The reason may found explanation with the fact that close to that position there was a split 

air-conditioning that was used to guarantee low temperature for the conservation of the 

fresh good presented in that supermarket area (fishery).The average operative 

temperatures are indeed two degree lower compared to average operative temperature for 

location 9. 

Table 22 Thermal comfort results under summer conditions considering a clothing level of 0.5 clo 

Location 
Avg Top 

[ºC]  
Avg RH 
[%] 

Hours in 
cat. I 

Hours in 
cat. II 

Hours in 
cat.III 

Hours NC 
%  
cat.I 

%  
cat.II 

% cat.III 
% cat IV-
NC 

9 26.3 40.2 25 14 238 1361 2% 1% 15% 83% 

4 24.2 42.8 250 692 392 304 15% 42% 24% 19% 
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Table 23 Thermal comfort results under summer conditions considering a clothing level of 0.38 clo 

Location 
Avg Top 

[ºC]  
Avg RH 
[%] 

Hours in 
cat. I 

Hours in 
cat. II 

Hours in 
cat.III 

Hours NC 
%  
cat.I 

%  
cat.II 

% cat.III 
% cat IV-
NC 

9 26.3 40.2 19 173 382 1064 1% 11% 23% 65% 

4 24.2 42.8 553 695 208 182 34% 42% 13% 11% 

5.3 Thermal comfort post retrofit (“Continuous” measurements) 

For the assessment of the thermal comfort post retrofit, we took advantage of the sensors 

permanently installed in the supermarket and connected to the iBEMS (listed as 

“Continuous” in Table 3). Indoor air temperature, globe temperature and relative humidity 

are measured in different locations within the supermarket as shown in Figure 23. The 

available data from the iBEMs starts from May 2017. For this reason, the assessment of 

thermal comfort after retrofit has been possible just under summer conditions. Starting from 

the measure of the globe temperature, the values of the mean radiant temperature and 

therefore the operative temperatures were calculated according to the procedure described 

in the EN ISO 7726 ( EN ISO 7726:1998). In Table 24 a summary of analysis period and 

the assumption made for the calculation of the PMV and PPD is reported. 

Table 24 Period of analysis and assumption for thermal comfort assessment after the retrofit in Modena 
Canaletto 

Post-Retrofit Analysed period Assumptions 

Summer 21/06/2017-19/08/2017 

clothing level 0.5 clo and 0.38 

clo 

activity 1.6 met 

air velocity 0.08 m/s 

 

The analysis of the thermal comfort categories presented in Table 25 and Table 26 

demonstrate the beneficial effect of the retrofit process. Except for SM4 which correspond 

to the check-out area, the percentage of non-compliance hours with thermal comfort 

standard are considerable reduces compared to the pre-retrofit situation. The check-out 

area is the one with the highest percentage of time not in compliance with standards. The 

check-out area even tough was in a different position before the retrofit, was already the 

more problematic area. Being located close to the exit, airflow generated by the opening of 

the entrance door might generate discomfortable condition because of “warm” of “ cold” 

draught of air coming from outside, depending on the period. Because of the features of 

these areas, personalized comfort system , like heated and cooled chairs, could be a 

solution to improve thermal comfort of workers. 
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Figure 23 Location of the sensors connected to the iBEMs within Modena Canaletto supermarket 

Table 25 Thermal comfort post-retrofit in the period between 21/06/2017 and 19/08/2017 considering a clothing 
level of 0.5 clo 

Location 
Avg To 

[ºC]  

Hours in  

cat. I 

Hours in 

cat. II 

Hours in 

cat.III 

Hours 

NC 

%  

cat.I 

%  

cat.II 
% cat.III 

% cat 

IV-NC 

SM1 22.7 617 163 0 0 79% 21% 0% 0% 

SM2 24.7 5.5 300 365 109.5 1% 38% 47% 14% 

SM3 21.9 719 61 0 0 92% 8% 0% 0% 

SM4 25.3 0.5 126 349.5 304 0% 16% 45% 39% 

SM5 23.6 84 544.5 126.5 25 11% 70% 16% 3% 

Table 26 Thermal comfort post-retrofit in the period between 21/06/2017 and 19/08/2017 considering a clothing 
level of 0.38 clo 

Location 
Avg To 

[ºC]  

Hours in  

cat. I 

Hours in 

cat. II 

Hours in 

cat.III 

Hours 

NC 

%  

cat.I 

%  

cat.II 
% cat.III 

% cat 

IV-NC 

SM1 22.7 569.5 210.5 0 0 73% 27% 0% 0% 

SM2 24.7 123 513 108 36 16% 66% 14% 5% 

SM3 21.9 336.5 433 10.5 0 43% 56% 1% 0% 

SM4 25.3 27.5 347.5 307.5 97.5 4% 45% 39% 13% 

SM5 23.6 369.5 380 30.5 0 47% 49% 4% 0% 
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5.4 Indoor air quality (IAQ) pre and after retrofit  

5.4.1. VOCs 

The monitoring campaigns related to the assessment of the VOCs concentration were 

conducted in winter period for both  pre and after retrofit. Details about the measurements 

period and location of the samples can be retrieved in Table 27 and Figure 24. 

Table 27 Period of measurements before and after retrofit in Modena Canaletto 

Sampling Measurements period Location 

Pre- retrofit 30/11/2015-14/12/2015 

Help desk (Point 1- ref. Figure 24-left) 

Food production area (Point 2- ref. Figure 

24-left) 

Post- retrofit 16/01/2017-30/01/2017 

Help desk (Point 1- ref. Figure 24-right) 

Food production area (Point 2- ref. Figure 

24-right) 

 

Pre-retrofit Post- retrofit 

  
Figure 24 Position of the VOCs sampler inside Modena Canaletto before the retrofit (left) and after the retrofit( 
right) 

 

One sample was also located outside, on the supermarket roof. Figure 25 shows the 

concentration difference between pre-retrofit and after-retrofit. For four compounds 

(formaldehyde, acetaldehyde, acetone and benzene) the difference in-out concentrations 

increased between before and after the retrofits, while for one (ethylbenzene) it decreased. 

The concentrations between the two measurements points do not show particular difference 

suggesting homogenous conditions throughout the shopping centre. For benzene, the 

concentrations increased significantly also outside with values after the retrofits of one order 

of magnitude greater than those of pre-retrofits; this explains the increase in indoor 

concentration as benzene is a compound primarily of outdoor origin. 
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Figure 25 Concentration of VOCs before and after the retrofit in Modena Canaletto supermarket 

 

Lastly, if we compare the concentrations with the CA EPA guidelines (Loque, McKone, 

Sherman, & Singer, 2011) we see that all post retrofit concentrations are below the 

guidelines; formaldehyde concentrations reach 79% of threshold, while benzene 29%; the 

other compounds are even further away. 

The complete report of the analysis before and after the retrofit can be found respectively 

in the ANNEX III and ANNEX IV. 

5.4.2. Particulate matter 

In Modena Canaletto the level of particulate matter, PM10 and PM2.5, after the retrofit was 

also tested. This allowed verifying the effectiveness of the ventilation system and its filters. 

The position of the two analyser within the supermarket is showed in Figure 26. 

PM10 and PM2.5 concentration during occupied hours are always below the suggested 

maximum daily limit (50 μg/m3) and yearly limit (45 μg/m3) as report in  

Table 28 which shows the statistic of the concentration measured during the one-week 

measurements campaigns. 

The outdoor level influences the PM10 indoor concentration. Nevertheless, for all the days 

measured the concentration is below the suggested daily threshold as shown in Figure 27, 

meaning that the mechanical ventilation system is properly working. 

5.4.3. Carbon Dioxide concentration 

Using the sensors connected to the iBEMS, it was possible to analyse the concentration of 

CO2 in five different points within the grocery shop. The data were averaged for every hour, 

and they were compared with the threshold of the category prescribed by the EN15251( 

refer to Table 6). 
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Figure 26 Positon of the two Dust tracker analyzer within Modena Canaletto supermarket 
  
Table 28 Statistics of PM2.5 and PM10 concentration in Modena Canaletto from 16th-22th January during 
occupied hours 

 mean max 90th percentile 10th percentile min 

PM 2.5 
outdoor 91 229 166 28 8 

indoor 27.4 109 59 7 0 

PM 10 
outdoor 92.5 231 167 29 8 

indoor 28.7 111 60 8 1 

 

 
Figure 27 Daily indoor and outdoor concentration of PM10 in Modena Canaletto from 16th-22th January 
considering only occupied hours 
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The analysis shows that the concentration of CO2 exceeded the threshold of Category II 

only few times in the period considered as reported by the trends in Figure 28. The 

downward peaks visible in the graph of Figure 28 correspond to Sundays when the 

supermarket is closed. In general, the CO2 level meet the requirements of the standard 

meaning that mechanical ventilation systems is properly working. 

 
Figure 28 CO2 concentration level in Modena Canaletto from 21th June to 30th August during occupied hour ( 
for the point SM1,SM2,SM3,SM4,SM5,SM6 refer to Figure 23)  

5.5 Acoustic measurements post retrofit 

Since the intervention did not concern the acoustic performance of the building, no acoustic 

measurements were foreseen for this demo case. 
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6 Trondheim, CitySyd 

6.1 Thermal comfort pre retrofit 

A one-month measurement campaign was conducted before the retrofit. From 6th of 

February till the 30th of March of 2016, indoor air temperatures and humidity were measured 

in different location within the common areas and Jens Hoff shop (which is part of the retrofit 

process), by means of portable data loggers (listed as “Continuous” pre-retrofit Trondheim 

in Table 3). The location of the sensors is shown in Figure 29,Figure 30 and Figure 31. 

 
Figure 29 Location of sensors T3, T4 and T5 in the common area of CitySid 
 

 
Figure 30 Location of sensors T6 and T7 in the common area of CitySid  
 

For each measurement point, PMV and PPD parameters were calculated and the thermal 

comfort state was assessed according to the categories prescribed by the European 

standard EN 15251 ( EN ISO 15251, 2008), which ranges are described in Table 4. 
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For the calculation of the PMV and PPD some assumption were needed which are collected 

in Table 29. According to the data recorded, the majority of the hours, all the measurements 

points are in Category II assuring comfortable conditions. The results are reported in  

Table 30. 

 
Figure 31 Location of sensors JH1 and JH2 in Jens Hoff shop 
 
Table 29 Period of analysis and assumptions for thermal comfort assessment before retrofit for CitySid 

Pre-Retrofit Analysed period Assumptions 

Winter 06/02/2016-31/03/2016 

clothing level 1.1 clo 

activity 1.6 met 

air velocity 0.08 m/s 

 

Table 30 Thermal comfort pre-retrofit in winter period 06/02/2016- 31/03/2016 for City Sid 

Locatio

n 

Avg Top 

[ºC]  
Hours in  

cat. I 

Hours 

in cat. II 

Hours 

in cat.III 

Hours 

NC 

%  

cat.I 
%  

cat.II 

% 

cat.III 
%  cat 
IV-NC 

JH1 22.7 294 138 10 273 41% 19% 1% 38% 

JH2 22.3 394 183 10 128 55% 26% 1% 18% 

T3 21.3 156 501 26 32 22% 70% 4% 4% 

T4 20.1 30 395 264 26 4% 55% 37% 4% 

T5 21.6 227 395 28 65 32% 55% 4% 9% 

T6 22.3 385 170 10 150 54% 24% 1% 21% 

T7 21.9 328 337 11 39 46% 47% 2% 5% 

6.2 Thermal comfort post retrofit 

For the assessment of the thermal comfort post retrofit, we took advantage of the sensors 

permanently installed in the shopping center and connected to the iBEMS (listed as 

“Continuous” inTable 3). Indoor air temperature, globe temperature and relative humidity 

are measured in different locations within the shopping mall common areas and in the Jens 

Hoff shop. Their exact location is shown in Figure 32 and Figure 33. 
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Figure 32 Sensor position within the common areas connected to the iBEMs 

 

  

Figure 33 Position of the Jens Hoff shop within City Sid (left) and position of the sensors within Jens Hoff shop 
(right) 

 

The analyzed periods and the respective assumption made for the calculation of the PMV 

and PPD are collected in Table 31. 

Table 31 Period of analysis and assumption for thermal comfort assessment after retrofit in City Sid 

Post-Retrofit Analysed period Assumptions 

Winter 
15/12/2016- 

14/03/2017 

clothing level 1.1 clo 

activity 1.6 met 

air velocity 0.08 m/s 

Summer 
28/06/2017- 

27/07/2017 

clothing level 0.5 clo and 0.38 clo 

activity 1.6 met 

air velocity 0.08 m/s 

 

The results are presented in Table 32,Table 33 and Table 34. 



 
 
 
 

 

47 
 

Deliverable D6.5 – IEQ results 

Comparing the results with the one before the retrofit (refer to Table 30) the number of hours 

of not compliance with the standards (cat IV-NC) are notably reduced. 

Table 32 Winter post retrofit common area from 15/12/2016 till 14/03/2017 for occupancy hour (8:00 a.m.-8 
p.m.) 

Location 
Avg  

Top [ºC]  
Hours in  

cat. I 
Hours in 
cat. II 

Hours in 
cat.III 

Hours 
NC 

%  

cat.I 
%  

cat.II 
% 
cat.III 

% cat 
IV-NC 

T1 21.2 536 710 7 7 43% 56% 1% 1% 

T3 21.0 424 824 6 6 34% 65% 0% 0% 

T4 20.0 242 682 329 7 19% 54% 26% 1% 

T5 21.5 617 518 2 123 49% 41% 0% 10% 

 

Table 33 Summer post retrofit in Common Area and Jens Hoff shop from 28/06/2016 till 27/07/2017 for 
occupancy hour (8:00 a.m.-8 p.m.) with clothing level of 0.5 clo 

Location 
Avg  

Top [ºC]  
Hours in  

cat. I 
Hours in 
cat. II 

Hours in 
cat.III 

Hours 
NC 

%  

cat.I 
%  

cat.II 
% 
cat.III 

% cat 
IV-NC 

T1 22.6 10 123 277 10 2% 29% 66% 2% 

T3 23.7 55 206 148 11 13% 49% 35% 3% 

T4 22.1 66 258 95 1 16% 61% 23% 0% 

T5 24.2 81 223 75 41 19% 53% 18% 10% 

JH1 23.2 0 259 161 0 0% 62% 38% 0% 

JH2 21.4 8 91 310 11 2% 22% 74% 3% 

 

Table 34 Summer post retrofit in Common Area and Jens Hoff shop from 28/06/2016 till 27/07/2017 for 
occupancy hour (8:00 a.m.-8 p.m.) with clothing level of 0.38 clo 

Location 
Avg  

Top [ºC]  
Hours in  

cat. I 
Hours in 
cat. II 

Hours in 
cat.III 

Hours 
NC 

%  

cat.I 
%  

cat.II 
% 
cat.III 

% cat 
IV-NC 

T1 22.6 6 188 219 7 1% 45% 52% 2% 

T3 23.7 12 129 277 2 3% 31% 66% 0% 

T4 22.1 2 137 281 0 0% 33% 67% 0% 

T5 24.2 37 137 237 9 9% 33% 56% 2% 

JH1 23.2 0 92 328 0 0% 22% 78% 0% 

JH2 21.4 17 195 204 4 4% 46% 49% 1% 
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6.3 Indoor air quality (IAQ) pre and post retrofit 

6.3.1. VOCs 

The measurements period and the reference location are collected in Table 35 while Figure 

34 shows the difference between indoor and outdoor average concentration over the 

sampling periods for both pre- and post- retrofit monitoring period. 

For three over six compounds measured, the concentration difference diminished after  the 

retrofit phase. For three compounds (formaldehyde, toluene and butoxyethanol), however, 

the concentrations increased from before to after the retrofit. For formaldehyde (ratio of 

post/pre of 1.9) and toluene (2.8) the increase is also quite significant. Of importance is the 

case of formaldehyde since it has been considered one of main worrisome indoor 

compounds that has been linked to both respiratory tract issues (dizziness, irritation, watery 

eyes, etc) and has been demonstrated carcinogen. The suggested long-term concentration 

threshold suggested by California Environmental Protection Agency (CAL EPA – one of the 

few regions where there are guidelines for IAQ concentrations) is 9 µg/m3. The 

concentrations detected at CitySyd are of 21.4 µg/m3 and 31.7 µg/m3 before and after the 

retrofits, with higher concentrations near the Jens Hoff store (26.6 µg/m3 and 33.1 

µg/m3).The reasons of this incremented values are still under investigation.  

Table 35 Period of measurements before and after retrofit in City Sid 

Sampling Measurements period Location 

Pre- retrofit 20/10/2016-03/11/2016 
Common area 
Jens Hoff shop 

Post- retrofit 04/07/2017-18/07/2017 
Common area 
Jens Hoff shop 

 

 
Figure 34 Concentration of VOCs before and after the retrofit in CitySid 
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6.4 Visual comfort pre and post-retrofit 

6.4.1. General description of the room and the shop lighting system  

Shop lighting system before the retrofit 

The shop (selling wool) with a floor area of 85 m2 was equipped with 43 spot lights which 

were mounted at a power track system. They were mainly orientated towards merchandise 

(room cabinets or wall shelves) but some were also directed towards circulation areas. 

A typical wall merchandise area consists of two meters height shelves and an area on top 

for show cases with a height of one meter. Typical dimension of one of the four large room 

cabinets is 1,80m x 0,90m x 1,40m (length x width x height). 

Figure 35 shows a picture of the shop from outside while Figure 36 shows the floor plan of 

the shop with its main dimensions (4 larger room cabinets, 2 sale tables, 1 cash point). 

 
Figure 35 Shop, view direction from the mall common area 

 

Luminaire spots were equipped with 70W ceramic metal halide (CMH) with a CCT 

(correlated colour temperature) of 3000K and a luminous efficacy of 97 lm/W (see Figure 

37). Some pictures of the existing luminaires are presented in in Figure 38. 
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Figure 36 Floor plan of shop 
 

   
Figure 37 Documentation of luminaire and lamp type 

 

All luminaires in the shop were operated during operation hours with their nominal wattage, 

summing up to a power demand of 3 kW and a total luminous flux of 292 klm (light source) 

or 174 klm (from luminaire, assuming a luminaire efficacy of 0.7 and a maintenance factor 

of 0.85; actual maintenance condition, e.g. operation hours, are not known). Operation 

hours are from 07:30 a.m. to 10:00 p.m. during weekday and from 07:30 a.m. to 09:00 p.m.  

on saturdays, assuming 1.5 hours of preparation in the morning and 1 hour of preparation 

in the evening (86 operation hours per week, 4470 yearly operation hours).  The specific 

power demand for the shop is therefore calculated as 35,4 W/m2. 

The power track is mounted at three meter above the ground. Figure 39 shows position and 

light outlet direction of the 43 spots luminaires at the power track. Three luminaires were 

out of operation when the audit was performed. 
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Figure 38 Summary of lamp data 
 

 
Figure 39 Position of power track and luminaires 
 

Shop lighting system after the retrofit 

The shop was refurbished by installing three light tubes in the center of the room (in the 

circulation zone) and with a new lighting concept with a zonal intensity contrasts and time-

dependent lighting scenes (daytime, nighttime and preparation hour milieu). 
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To achieve a more uniform light distribution at the wall and a better illumination in the front 

of the wall, a new type of shop-wallwasher was developed (please see CommONEnergy 

deliverbale D4.8 (Ampenberger, Froehlich, & Pohl, 2017)). 

The new shop lighting system consists of four luminaire types which are showed in Figure 

40: 

 Lighttube-integrated luminaires: Illumination of the central circulation zone via the 

distribution body of the lighttube. These luminaires are in operation when daylight 

harvesting is not sufficient; 

 Ceiling-integrated spots (in suspended ceiling): Illumination of the cabinets in the 

central room space via these ceiling-integrated luminaires; 

 Spots, mounted at a powertrack (at the perimeter of the space): For spot lighting at 

cabinets or at the wall; 

 Wallwasher, mounted at a EUTRAC powertrack: Illumination of merchandise at the 

wall. 

Three wall areas do have a greater intesity with a contrast ratio of about 1:2 to the adjacent 

areas. In this wall area two wallwasher were used: area with wallwasher WW2 and WW3, 

area with wallwasher WW 14 and WW15 and area with wallwasher WW17 and WW18. All 

luminaires operated at 100% reaching a power demand of 2,3 kW and luminous flux of 158 

klm. According to the lighting concept, luminaire groups are operated with different dimming 

values. In Figure 41 and Figure 42 information about the luminaires and the position within 

the shop are respectively showed. 

 

 
Figure 40 Four types of luminaires applied at the new shop lighting concept



 
 

 

 

Figure 41 Grouping of luminaires and their dimming values (last two columns). Second last column: Daytime milieu (ca 3400 K).Last column: PREP hours and nighttime milieu( reduced 
intensity), warm-white milieu with 2700 K) 



 
 

 
 

 
Figure 42 Layout plan of the shop with suspended ceiling, power track and all luminaire (location and beam 
direction) 

 

6.4.2. General lighting measurements 

General measurements before the retrofit 
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Measurement of lamp properties have been conducted at various locations in the shop, 

including spectrum, general colour rendering index CRI (Ra), special colour rendering index 

and correlated colour temperature (CCT). These measurements confirmed the high 

specification made by lamp manufacturer with a CRI of 83. CCT was measured slightly 

below specifications with ca. 2873 K. For detailed data please see Figure 43. 

 

 
Figure 43 Measured Lamp Properties: Chromaticity point, CCT, CRI (Ra), Special colour rendering indizes R1-
R15, Light spectrum before the retrofit 

 

Horizontal illuminance was measured in a grid (nodes in a distance of 1 to 1,5m and in 

height of 160 cm) for the shop (including a small part in front of the shop) as showed in 

Figure 44. Measured horizontal illuminance values vary widely from 400 lx to 3800 lx in the 

shop, reflecting the quite point-like light distribution caused by spot luminaires. Typical 

values are between 1000 and 2000 lx. For more detailed information about values for a 

typical cabinet and merchandise wall please see paragraph 6.4.3 related to the specific 

measurements 

Circulation areas typically show values between 600 and 900 lx, but also some peaks were 

measured due to spots orientated towards this area. 
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Compared to illuminance values that are intended by the CommONEnergy project (300-400 

lx in circulation areas and 500 to 1000 lx in merchandise areas) the measured values are 

already in a quite high area. They vary quite much, e.g. for the merchandise at the wall from 

460 lx to 2800 lx because of the use of spot light luminaires. 

The shop has two neighbours: a kids’ toy shop to the left side with similar illuminance values 

and book shop on the right side with even much higher illuminance values, see photos in 

Figure 45. 

Reflectance coefficients were measured for the floor and the merchandise wall at different 

locations by measuring the incoming illuminance and the reflected illuminance.  An mean 

value was derived by averaging all the measurements locations which are showed in Figure 

5. The results are presented in Table 36 and Table 37  respectively for floor and 

merchandise wall. 

 
Figure 44 Horizontal Illuminance in the shop measured at 160 cm height before refurbishment 

General measurements after retrofit 

Measurement of lamp properties have been conducted at various locations in the shop, 

including spectrum, general colour rendering index CRI (Ra), special colour rendering index 

and correlated colour temperature (CCT) also after the retrofit. The spectrum has improved 

to a more continuous spectrum with strong improvement in the R9 (red) test colour. The 

general colour-rendering index improved from 83 (before) to 97 (after refurbishment) as 

showed in Figure 47. 
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Figure 45 Comparison of illuminance levels of adjacent shop: Kids’ toy shop (left) and Book shop (right) 

Table 36 Reflectance coefficient for floor 

Floor  

Measurements point a b c d 

Horizontal Illuminance (lx) 650 750 670 1360 

Horizontal  reflected Illuminance (lx) 208 228 252 460 

Reflectance coefficient (-) 0.32 0.30 0.38 0.34 

Mean calculated floor reflectance coefficient 0.33 

Table 37 Reflectance coefficient for merchandise wall 

Merchandise Wall (at 1,60 m from ground)   

Measurements point e f g h i 

Horizontal Illuminance (lx) 470 732 600 1140 205 

Horizontal  reflected Illuminance (lx) 60 115 109 348 30 

Reflectance coefficient (-) 0.13 0.16 0.18 0.31 0.15 

Mean calculated floor reflectance coefficient 0.18  

 

Horizontal illuminance results are presented in Figure 46. 

Compared to the measurements before retrofit the general lighting level was reduced. This 

is clearly recognizable in the rear part of the shop at the cabinets in the room with a 

illuminance value of around 700 lx. 

In the front part of the shop we can see the influence of the 3 light tubes (measurement was 

done during a summer day with clear sky) with illuminance values of 1600 to 2500lx in the 

center of the light tubes (measurement was done with the diffuse screen, with a 

transmission of ca. 50%). The intensity difference between the daylit and the non-daylit area 

on the hand is positive as this makes the daylit area clearly perceivable but on the other 

hand it might make the rear part of the room appear even darker. 
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Due to the wallwasher luminaires, we achieve at the wall a more uniform distribution of 

almost always around 1200 lx. The area in front of the wallwasher (important to examine 

the merchandise while taking it out of the wall) has remarkable good and constant 

illuminance values of around 1100 lx (while before refurbishment we often measured quite 

low values). 

 

 
Figure 46 Horizontal Illuminance in the shop measured at 160 cm height after refurbishment 

 

6.4.3. Specific measurements at survey locations A, B, C 

In combination with the questionnaire conducted with customer which have been already 

described in paragraph 3.1.3 some specific measurements were performed which are 

presented as follow. 

Measurements of horizontal and cylindrical illuminances at location A, B, C 

At locations A, B, C (refer to Figure 5) horizontal and cylindrical illumination measurements 

were conducted documenting conditions at the location of the test person. The 

measurements were performed at 160 cm from the floor (floor only horizontal value) and 

the value was determined by averaging four values measured in a square with 30 cm side 

length (to better balance inhomogeneity at this location). North direction at Location A is in 

view direction into the shop (perpendicular to the entrance). North direction at location B 

and C is in direction of the rear wall (perpendicular to the rear wall). The results for each 

location, before and after retrofit are showed in  
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Table 38 

 
Figure 47 Measured Lamp Properties: Chromaticity point, CCT, CRI (Ra), Special colour rendering indizes R1-
R15, Light spectrum after retrofit 

Table 38 Horizontal and cylindrical illuminances at location A, B, C 

Before Retrofit 
(Measured 18 
November 2016 -
10:30 a.m.) 

 Height 
Vertical 
North 

Vertical 
South 

Vertical 
West 

Vertical 
East 

Horizontal 

Location A 
0.1 m x x x x 400 

1.6 m 240 130 165 170 320 

Location B 
0.1 m x x x x 1030 

1.6 m 450 350 310 870 3050 

Location C 
0.1 m x x x x 1570 

1.6 m 440 1780 840 380 4500 

After Retrofit 
(Measured 28 
June 2017 – 
03:30 p.m.) 

Location A 
0.1 m x x x x 990 

1.6 m 370 1420 530 930 850 

Location B 
0.1 m x x x x 1320 

1.6 m 210 360 340 200 1170 

Location C 0.1 m x x x x 1000 
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1.6 m 700 700 420 630 2420 

 

View direction and luminance distribution at locations was recorded for location A ( Figure 
48) and for location C ( Figure 49). 
 

Location A before refurbishment :photo(left) and luminance distribution picture (right) 

  
Location A after refurbishment :photo(left) and luminance distribution picture (right) 

  
Figure 48 Photo and luminance distribution picture of Location A (Cold-white appearance of the picture after 
refurbishment comes from a larger construction area with large glazed skylight in the mall not far from the 
entrance of the shop 
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Location C before refurbishment: photo(left) and luminance distribution picture (right) 

  
Location C after refurbishment: photo(left) and luminance distribution picture (right) 

  
Figure 49 Photo and luminance distribution picture of Location C 

 
The merchandise presentation at location B (accentuated wall stripe) was recorded by a 

photo, by a luminance distribution photo and by grid measurement of horizontal and vertical 

illuminances showed in Figure 51 and Figure 52. The luminaire situation was pictured as in 

Figure 50. 
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Figure 50 : Luminaires at location 

 

Location B before refurbishment (photo and luminance distribution picture) 

  
 
Location B after refurbishment (photo and luminance distribution picture) 

  
Figure 51 Photo and luminance distribution picture of location B (merchandise presentation) 
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Location B before refurbishment (illuminance grid measurement [lx]) 

 

Location B after refurbishment (illuminance grid measurement [lx]) 
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Figure 52 Illuminance measurements at location B 

After the retrofit a good level of uniformity was reached. The values of luminance distribution 

between before and after retrofit are resumes in Table 39. 

Table 39 Statistics of Luminance before and after the retrofit in Jens Hoff shop 

 
Min  
[cd/m2] 

Max  
[cd/m2] 

Mean  
[cd/m2] 

Min/Max 

Luminance Before retrofit 34.9 524 80 0.06 

Luminance After retrofit 35 347 92.5 0.10 

 

6.4.4. Lighting quality Questionnaire at Jens Hoff Shop 

The data collected through the questionnaire presented in Table 8 were analysed through 

a statistical analysis. Two-factor variance analyses were calculated for the depend variables 

which are room appearance and light quality aspects. ANOVA for repeated measurements 

was done including the different viewing positons: viewing position from outside, viewing 

positon from inside and viewing positon in front of the wall.  As Factor two of the variance 

analyse the grouping variable “test-series” was used. The questionnaire was done two 

times, once in summer and once in winter. Level of significance was set at 5 % (alpha equal 

to 5%). As example, Figure 53 shows independent grouping variables for the depend 

variable “room appearance”.  
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The dependent variables can be grouped in different key-questions. The analysis of these 

variables and the possible grouping variables are summarized in Table 40. 

 

Figure 53 Example for the two independent variables 

Table 40 key questions and statistical analyses 

 seen from 
statistical 
analysis  outside  inside 

front of 
the wall 

Light and appearance of the room – semantic differential  

factor I: outside vs 
inside  
             & 
factor II: summer 
vs winter 

attractive/unattracttive x x  

beautiful/ugly x x  

colorless/colorfull x x  

glaring/non glaring x x  

clearly arranged/confusing x x  

cheap/expensive x x  

traditional/modern  x  

Light quality (technical) – semantic differential  factor I: outside vs 
inside  
             & 
factor II: summer 
vs winter 

warm/cold x x x 

bright/dimm x x x 

uniform/not uniform x x x 

Light and visual quality – 6-point Likert-scale  

factor I: summer 
vs winter 

natural colours   x 

Information and text readable   x 

good contrasts   x 

well lit   x 

Others – 6 resp. 7-point Likert-scale  
factor I: outside vs 
inside (parts) 
             & 
factor II: summer 
vs winter 

invites to enter the shop x   

light pressure and overhead glare   x 

thermal comfort  x x 

gives good orientation  x  
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6.4.5. Results from questionnaires 

Statistic of the sample 

41 shop customers participated in the first test series (winter-refer to Figure 54 left). 85% of 

the participants were female. The age of the subjects ranged from 19 to 72 years old. In the 

second test series, (summer- refer to Figure 54 right) 45 customers with age ranged 

between 20 years and 75 years filled out the questionnaire. In this second experiment, 91% 

of the participants were female. Figure 54 reports the age distribution in both Test Series 

experiment. The distribution of age in both groups were nearly the same. 

 

  
Figure 54 Participants’ age: Series I-winter (left) and Series II-summer (right) 

 

Room appearance 

To evaluate the room appearance of the shop the participants had to fill out a semantic 

differential questionnaire. The items of this differential were attractive/not attractive, 

beautiful/ugly, cheap/expensive, clearly arranged/confusing, colourless/colourful, 

glaring/not glaring and traditional/modern. 

This part of the questionnaire was done in two locations (A and C - refer to Figure 5) and in 

both test series. An ANOVA for repeated measurements (inside vs. outside) with the 

grouping factor test series (winter vs. summer) showed, that no significant differences 

between ratings made from outside the shop and inside the shop were found (all 7 items 

for room appearance with p>0,05). This was valid for both test series. 

As it can be seen in Figure 55 that from both positions the room was rated generally 

attractive, beautiful, clearly arranged, colourful, and not glaring (ratings are slightly above 

or below the neutral position). 

Comparing the two test series (Factor II) significant differences were found in item clearly 

arranges/confusing (p=0,0045) and traditional/modern ( p=0.002). The new lighting 

including daylight make the room appearance more modern. The differences were found in 

the rating position inside the shop (refer to Figure 56). 

 

< 25 years; 

15%

25 - 40 years; 
24%

41 - 60 years; 

44%

> 60 years; 
17%

< 25 years; 

15%

25 - 40 years; 
24%

41 - 60 years; 

44%

> 60 years; 
17%
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Figure 55 Room appearance – test series I-winter (left),test series II-summer (right) 

 

 

Figure 56 Room appearance- results from Factor II –winter vs summer 

 

attractive

beautyful

cheap

clearly 
arranged

colorless

glaring

traditional

not attractive

ugly

expensive

confusing

colorful

non glaring

modern

1 2 3 4 5 6

summer - from inside

summer - from outside

neutral
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Quality of the light 

In a six point Likert scale, the participants had to rate the quality of the light in the shop. The 

subjects evaluated the items light colour to warm/light colour to hot, too bright/too dim and 

uniform/not uniform from all positions. The rating of the lighting quality due to brightness, 

colour temperature and uniformity were in a neutral position (see Figure 57). In the grouping 

factor I (evaluation inside the shop and evaluation in front of the wall) no significant 

differences were found. For the grouping factor II (winter vs summer), the lighting conditions 

with daylight, item uniformity was rated tendentially less uniform when subjects answered 

the questions from the outside viewing positions. 

Visual quality 

For visual quality evaluation, the subjects had to rate the naturalness of the colours, the 

readability of text and information on the goods and the contrast and colour discrimination 

from a position standing direct in front of the wall looking toward the presented products. 

No significant differences between test series in winter and test series in summer were 

found. Although no significant differences were found it can be seen, that in summer all four 

items were positively rated. When summarizing the two categories “agree” & “strongly 

agree” more subjects fall in in this category. For readability of information, the frequency 

increased from 73% in winter to 84 % in summer, for the natural appearance of the goods 

from 78% to 90% respectively. Colour discrimination and contrast increased from 70% to 

82 % and overall estimation of the light from 70% to 82%. It could be shown that within both 

scenarios the subjects agree with positive statements. Tendentially in summer test-series 

the ratings increased in items due to naturalness of colours, readability of text and 

information, contrast and amount of light.  
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Figure 57 Quality of the light in the shop 

Other key questions 

Other key questions of the questionnaire handled with thermal comfort perception, light 

pressure an overhead glare, the influence of the light to get a good orientation in the shop 

and the overall impression of the light.  

This additional key questions can be summarized in the following statements: 

• A better thermal comfort was observed in test series II (summer - after 

refurbishment, see Figure 58 – right side). ANOVA p=0,001. No significant 

differences were found in factor I, so no differences in the different viewing positions 

were apparent (ANOVA 0=0,267). It can also be seen (see Figure 58– left side) that 

the perception of overhead glare is clearly below the neutral positon. 

• Ratings in winter in the position in front of wall due to light pressure/overhead 

glare showed an increased overhead glare perception in test series during winter 

time (ANOVA, p=0,005 – see Figure 58– left side). It must be noted that in winter 

time 43% of the participants wear a jacket.  

• In both Test-Series the participants rated the overall impression of the light as ok 

or even better. Only 10 % of the participants said that the light is poor. There overall 
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impression of the light was even better in testseries II. After refurbishment, the light 

was rated better than in the classic light installation (Chi²-Test p=0,05) 

• After refurbishment, the lighting environment lead the participants to enter the shop 

(Chi²-Test p= 0,04). Both lighting scenarios the light helps to get a good orientation 

in the shop. No significant differences in this item were found. 

 

Light pressure and overhead glare Thermal comfort 

  

Figure 58 Results of overhead glare (left) and thermal comfort (right) 

6.5 Acoustic measurements post retrofit 

Since the intervention did not concern the acoustic performance of the building, no acoustic 

measurements were foreseen for this demo case. 
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7 Conclusions 

The deliverable investigates the non-economic effects of the retrofit interventions in the 

three CommONEnergy demo cases. In particular, how the technological solutions installed 

impact on the indoor environment.  

Measurements about thermal, visual and acoustic comfort, and indoor air quality were 

performed, whenever possible and depending on the solution installed in the demo cases, 

before and after the retrofit in order to directly quantify the benefits of the renovation 

process. The major achieved results were reported in the following by analysing the demo 

case singularly. 

Valladolid, Mercado del Val 

For Mercado dal Val, measurements took place only after the retrofit intervention since the 

centre was already closed at the time when the project started. Three types of 

measurements and analysis were performed for this demo case, regarding thermal comfort, 

indoor air quality and acoustic aspects. 

Thermal comfort analysis under summer conditions have showed how a fine-tune of the 

HVAC controls and/or a better control of the natural ventilation system is needed in order 

to provide better comfort conditions inside the market. Because the highest distribution of 

hours is in category IV ( EN ISO 15251, 2008), the indoor conditions are not in compliance 

with technical standard in force. 

From the analysis of different VOCs concentration within the market, formaldehyde and 

xylenes showed higher concentration than the outdoor. The concentrations detected are 

however below the CA EPA thresholds. Concentration of carbon dioxide are in line with 

standards requirements ( EN ISO 15251, 2008). 

The performance of Mercado del Val architecture was assessed from an acoustical point of 

view. The results showed that the reverberation time at both restaurant area and sales area 

exceed the recommendations from literature (Kang, Yap, Meng, & Chen, 2007) (Rodrigues, 

Silva, & Ferreira, 2-7 September, 2007), therefore an increase of the sound absorption 

surface is suggested in order to improve the acoustic comfort. Solution to improve the 

intelligibility of the market once under operation need to be considered.  

Modena, Canaletto 

In Modena Canaletto, thermal comfort an indoor air quality measurements were performed 

before and after retrofit. 

Thermal comfort is notably improved after the retrofit in the supermarket area with the 

exception of the check-out area. The check-out area even tough in a different position 

before and after retrofit, being always located close to the exit, it is affected by a high 

variability of conditions being closely connected with the outdoor environment. Because of 

the such a layout of these areas (quite typical in small shopping centres and supermarkets), 
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personalized comfort system like heated and cooled chairs, could be a solution to improve 

thermal comfort of workers. 

Concerning the indoor air quality, the analysis of the particulate matter concentration (PM 

2.5 and PM10) and carbon dioxide level inside the supermarket after the retrofit proved  the 

correct operation of the mechanical ventilation system. 

In relation to VOCs concentation, comparing concentration before and after retrofit some 

compunds showed a slightly increase, mostly due to outdoor icrease concentration as well. 

The concentration were however below the guidelines (Loque, McKone, Sherman, & 

Singer, 2011): formaldehyde concentrations reach 79% of threshold, while benzene 29%; 

the other compounds are even further away. 

Throndeim, CitySyd 

For CitySyd the environmental quality analysis, further than thermal comfort and indoor air 

quality, consisted also in the visual comfort evaluation, before and after retrofit, of the new 

lighting concept of the Jens Hoff shop. 

Thermal comfort results showed an improvement of thermal condition under winter season 

in the common areas with a reduced number of hours of non-compliance with the standards 

( EN ISO 7730, 2006). The thermal conditions guaranteed in summer, post-retrofit, are 

acceptable too, with few hours, during occupation time, of non-compliance with the 

standards. 

Considering the VOCs indoor-outdoor concentration differences, before and after retrofit, a 

significant increase of formaldehyde and toulene concentration was observed, with higher 

concentrations near the Jens Hoff store. The reasons of these incremented values are still 

under investigation.  

Visual comfort inside the Jens Hoff shop was largely improved thanks to the new lighting 

concept. In particular, according to costumers’ feedback, the new lighting concept with 

integration of natural light made the room appearance more modern. Good level of 

illuminance was guaranteed thanks to the new wall washer luminaires. After retrofit, the 

room was rated generally attractive, beautiful, clearly arranged, colourful, and not glaring.  
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Annex I - IEQ ANALYSIS -  Lighting Quality Questionnaire at 

Jens Hoff Shop in Trondheim 

  

In this section we are going to present the main question and analysed aspect for each of 

the three location within the Jens Hoff shop. 

 

 
Figure 59 location of test persons and prescribed view of direction 

 

Location A : room appearance evaluated from the outside of the shop was. 

 Describes perception from outside 

 View direction: Into the shop 

 

Location B: product presentation @Wallwasher 

 Describes product presentation in front of a not accentuated 

merchandise wall illuminated by the newly developed 

wallwasher luminaire for the second testseries. 

 View direction: Onto the wall, distance 60- 100 cm 

 Daytime milieu will be evaluated. 

 No (or minimal) influence of daylight 

 

Location C: room appearance and room comfort evaluated from inside of the shop 

 Describes perception from inside 

 View direction: Into the shop (rear part) 
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The question related to location A are showed in Table 41 while the ones for location B are 

collected in Table 42. For location C the questions showed in Table 42 with the addition of 

the ones of Table 43 were proposed. 

Table 41 Questions related to location  A 

 

. 
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Table 42 Questions related to location B 

 

 

Table 43 Questions related to location C 
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Whole questionnaire 

Questionnaire 

 

Shop Lighting 

 
 
Participant’s information 
In the following questionnaire, the effect of the lighting on the room atmosphere and on the 
evaluation of presented products is to be asked. For this, we ask you to assess a given 

sales area with regard to the lighting and its effect. We ask you to assess the lighting 
situation from three different observation positions. 
 
The questionnaire is to be completed in a relatively short time (10 minutes). In the 
end, please make sure you have answered all the questions. All data will, of course, 
be kept confidential. If you have any questions, please do not hesitate to contact the 
experimental Director. 
 
Thank you for your participation 

 
I. PERSONAL INFOMATION: 
1. Gender:   Ο female           Ο  male 

 
2. Your age 

 
Ο  < 25  Ο    26 – 40  Ο  41 – 60  Ο  > 60 

LOCATION 1:  Room appearance (outside) 
You are standing in front of the shop and look in to the shop. Please rate the 
following questions. 
 
 
Please rate the following statement 

 
strongly 
disagre
e 

disagre
e 

neutral agree 
strongly 
agree 

 
The lighting environment 
invites me to enter the shop 
 

Ο Ο Ο Ο Ο 

 
 
Please rate the lighting in the shop 

too bright Ο Ο Ο Ο Ο Ο too dim 

light color is 
too warm 

Ο Ο Ο Ο Ο Ο 
light color is 
too cold 

uniform Ο Ο Ο Ο Ο Ο not uniform 
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Please rate the following statements 

attractive Ο Ο Ο Ο Ο Ο unattractive 

beautiful Ο Ο Ο Ο Ο Ο ugly 

colorless Ο Ο Ο Ο Ο Ο colorful 

        

glaring Ο Ο Ο Ο Ο Ο not glaring 

clearly arranged Ο Ο Ο Ο Ο Ο confusing 

cheap Ο Ο Ο Ο Ο Ο expensive 

        

traditional Ο Ο Ο Ο Ο Ο modern 
 
 
 

PLEASE CHANGE YOUR LOCATION NOW!           >>>  
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LOCATION 2: Product presentation at the wall 
Now you are standing directly in front of presented goods. Please look at the 
products and rate the following questions: 
 
 Please rate the lighting  

too bright Ο Ο Ο Ο Ο Ο too dim 

light color is 
too warm 

Ο Ο Ο Ο Ο Ο 
light color is 
too cold 

uniform Ο Ο Ο Ο Ο Ο not uniform 
 

Please rate the following statements: 

 
strongly 
disagre
e 

disagre
e 

neutral agree 
strongly 
agree 

 
The color of the products 
appear natural 
 

Ο Ο Ο Ο Ο 

 

Text and product information 
on the goods can be read 
easily  
 

Ο Ο Ο Ο Ο 

 
The light improves the 
discrimination of the 
goods/products by color and 
contrast 
 

Ο Ο Ο Ο Ο 

 
The products/goods are well lit 
 

Ο Ο Ο Ο Ο 

 
I feel “light pressure” from 
overhead light sources 
(uncomfortable overhead light) 
 

Ο Ο Ο Ο Ο 

 
 
Please rate the overall thermal comfort in this position 

too cold   comfortable   too hot 
Ο Ο Ο Ο Ο Ο Ο 

 
 
 
PLEASE CHANGE YOUR LOCATION NOW!                  >>> 
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LOCATION 3: Room appearance (inside) 
Now you are standing in the middle of the room. Please look in direction of the back 
of the room and rate the following questions: 
 

 
Please rate the lighting 

too bright Ο Ο Ο Ο Ο Ο too dim 

light color is 
too warm 

Ο Ο Ο Ο Ο Ο 
light color is 
too cold 

uniform Ο Ο Ο Ο Ο Ο not uniform 
 

 
Please rate the following statements 

attractive Ο Ο Ο Ο Ο Ο unattractive 

beautiful Ο Ο Ο Ο Ο Ο ugly 

colorless Ο Ο Ο Ο Ο Ο colorfull 

        

glaring Ο Ο Ο Ο Ο Ο not glaring 

clearly arranged Ο Ο Ο Ο Ο Ο confusing 

cheap Ο Ο Ο Ο Ο Ο expensive 

        

traditional Ο Ο Ο Ο Ο Ο modern 
 
 

Please rate the following statements 

 
strongly 
disagre
e 

disagre
e 

neutral agree 
strongly 
agree 

 
I feel “light pressure” from 
overhead light sources 
(uncomfortable overhead light) 
 

Ο Ο Ο Ο Ο 

 
The light helps me to get a 
good orientation in the shop 
 

Ο Ο Ο Ο Ο 

 
 
Please rate the overall thermal comfort in this position 

too cold   comfortable   too hot 
Ο Ο Ο Ο Ο Ο Ο 

 
Now please visit LOCATION 1 again 
You are standing in front of the shop and look in to the shop and continue with the 
last 3 questions on the next page. 
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How would you in general rate the light in this shop? 
 

poor ok good very good 

Ο Ο Ο Ο 

 
----------------------------------------------------------------------------------------- 
 
Have you even noticed that daylight is apparent, coming from the skylights in 
the shop? 
 

Ο  yes – continue with next questions  
Ο  no  – please leave next question 

 
 
If you have recognized daylight coming from the skylight, please answer the 
following two questions: 
 
How do you rate the light from the skylights in this store? 
 

poor  
Ο 

fair  
Ο 

adequate  
Ο 

good  
Ο 

superior  
Ο 

 
 
Do you have any other comments about the lighting conditions? 
 
 
 
 
 
 
 
 
 
 

Thank you for your time and cooperation! 

 
For participation in this study I received a shopping voucher for the Jens Hoff shop 
with a value of 100 NOK. 
 
-------------------------------------------------------- 
Signature 
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Note: English version of the questionnaire. The questionnaire in Trondheim was done in 

Norwegian language. 

  

http://www.linguee.de/englisch-deutsch/uebersetzung/English+version.html
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ANNEX II – VOCSs complete report of Mercado del Val, 

Valladolid 
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ANNEX III – VOCs complete report of Modena Canaletto 

before retrofit 
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ANNEX IV - VOCs complete report of Modena Canaletto 

after retrofit 
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ANNEX V – VOCs complete analysis of City Sid, Throndeim 

before retrofit 
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ANNEX VI – VOCs complete analysis of City Sid, Throndeim 

after retrofit 

 

 

 


