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Executive Summary

Innavative fraining schemes
for refrofifting fo nZEB-levels

The core objective of this project is to facilitate the wider uptake of deep retrofitting to the NZEB

standard across Europe through developing training programmeslfalayers involved, right
through from general operatives working on construction sttegroject supervisors, members of

the design team an@cademics. This report presents a summary of the pilot training delivered by

some of the Fito-NZEBartnersto EQF levels 3 to 4, consisting mostly of construction workers.

The five research teams involved in this task are Bulgaria, Ireland, Italy, Greece and the Czech

Republic. Each of the partners had a chaitdelivering the training at a vocational tréing centre

or directly at the joBa A 1 S® CdzNII KSNX) 2 NB =

F LIWINRPEAYF GSt @

nn
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DecathlonEurope 2019 competition (Hungary).
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partners, each of these differerttaining types(considering bothduration and location) were
covered.In addition to the planned activitieshe Romanian partnelPro-nZEB deliveredraupskilling
training course directly at the jobite for a special teanof young people involved in the Solar
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The karning outcomes for both Building Envelope and Mechanical Systems training programmes are
presented in Table8and4 below respectively.

Across all five partners, a total bf training courses plus one additiy” | €

WLIAEf 20Q O2dzNBS ¢4

Interestingly, most courses combined a blend of both building envelope and mechanical systems. An
exception to this was delivered by the Bulgarian team which delivered 2 courses focus on building
envelope plus 1 coursenamechanical systems. The decision by most partners to deliver a blended
course makes perfect sense as it is felt that all construction workers, whether working mostly on

envelope or mechanical systems, need to appreciate the full range of deep retrafitures required

to bring about a wholéuilding transformation. In short, the envelope workers need to have a good

understanding of the challenges presented on mechanical systems retrofitting, and vice versa.

A summary of the number of workers trained ahe duration of the training delivered is presented

in Table 1 below. Across all five partners, a total of 326 trainees completed the training.

Table 1: Summary of Trainee Numbers and Duration of Courses

Partner

Bulgaria Ireland Italy Greece Czech Republi¢ Romania
Total Number 117 31 29 118 32 16
of Trainees
Training 86 hours 68 hours 96 hours 30 hours 48 hours 6 hours
duration




* X %
* *
* “

I Innovative fraining schemes
Kok for retrofitting to n2€B-levels

This projechas received fundinffom the European Union's
Horizon 202@esearch and innovation programme

Key challenges encountered by the teams in the delivery of these trainings is summarise@btiow
further details provided latein this repor):

1 A general low awareness of NZEB means that there is not a high demand currently for training
in this sector.

1 The construction sector is not generally aware that a whole newsskilvill be requiredad
deliver costeffect deep retrofits.

f Construction workers tend to be tireJ2 2 NJ 6 LI NIif & 0SOFdzaS (KS& R2:
benefit of deep retrofit training) and therefore getting them to participate in training is
difficult.

1 A few of the partners fond that whilst workers might initiallipe anxious about taking time
to attend a training event, once they are exposed to the learning experience they often
declare an interest in taking furtheourses The key challenge, therefore, is to get them to
makS G KS RSOAA&A mihefiisepladéI A @S Al | 32Q

1 If the training centre is not located close to where the trainees live, it will be more difficult
to convince them to attend.

9 If the training is scheduled to take place during peak construction pévitiich will differ
from region to region, greatly influenced by climate), then participation rates will be lower.

1  While delivering training at building knowledge hubs provides an opportunity for hands
practice of deep retrofitting skills, the optimakgerience for construction workers would be
to hold the training directly at the construction site.

1 When delivering training on the jesite, it is important to involve experienced practitioners
who can professionally demonstrate the skills required (niaisttime trainers will not have
extensive practical experience in all envelope and mechanical systems required to deliver
deepretrofits).

9 The sequencingof training is important when delivereat the construction site.lt is
important to deliver the traiing ahead of the work taking place-site, otherwise elements
already completed might have to be removed or modified, causing frustration for the
construction workers.

1 Inclement weather (or indeed, extreme heat, in some climates) can adversely impte on
training delivered orsite (this is not an issue when training is delivered at a building
knowledge hub where the indoor environment is conditioned).

91 Availability of construction details for the deep retrofit measures is critical to suedess
training onsite. If the Architect has not prepared details in advance, developing them on
the-spot can be a challenge and interrupt the flow of training.

Referring brieflyto trainee feedback to the training, the overall impression was very positive, with
GKS YIFI22NAGe 2F NBalLRyRSyaa adaldaAay3a GKIFIG GKS GNI
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In terms of advice for others considering delivering deep retrofit training, the following points are
highlighted by the researcher teams:

1 Try to deliver ateast some training at the construction site if possiglihis is found to be
most positive experience for the trainees.

9 If you cannot deliver training esite, ensure that there are sufficient handa props for the
learners to work on.

1 Performing an atightness test on a project provides a great focus for all involved in the
training.

1 Invite professional applicators to participate in the delivery of some of training which will add
significant credibility to the event.

1 Make sure the training materialsre directly relevant to the climate / region / prevalent
construction types, otherwise learners will disengage.

9 Limit class sizes to approximately 15 to 20 persons so that they can all actively participate in
the learning experience.

1 One of the resarch partners felt that the training should be more focused towards specific
topics(possibility of delivering 17 topiariented courses).

In conclusion, this task in the Ki-NZEB project was a great success in terms of the number of
trainees, the vasgty of training scenarios presented and the feedback received.
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1. Introduction

In this part of the project, Partners coutdhoosebetween delivering training either at Vocational
Training Centres or directly eghe-job at construction projects. The training has to deal with the two
overarchingdeep retrofitthemes of (a) building envelope and (bchanical systems.

The goal ofthis reportis to provide an overall concept for quality assurance and monitoring of
training programdor building professionalsherefore, setting a common framework between the
different training institutions for quality assurance. The training progréiage been conducted in
sixcountries Bulgarialreland, Italy, Greece&zech Ragblicand Romania

Good quality practice asn-the-job eduction are basal on the pillars

9 Qear definitions of learning outcomes,

9 Design and structure of thprogramme coursg

9 Bvaluation and monitoring of the learning outcoméscludingpossiblereference to meeting
energy efficiency targets such as reduction in primary energy demand or airtightness

To assure a good quality of tivecational centre and / oon-the-job training the following criteria
will be evaluated and monitored:

£t SOGdz2NBQa 02y i Sy (i thé tsaiRingfprBgralpies ghauldYneei tBeNdarhifiga
outcomes objectives through a clear and precise communication. For this, the learning
content andhow it is presented (layout, presentation and others) will be evaluated;

1 learning outcomesthe effectiveness of the learning proceduresed onsite, and therefore
achievement of the expected learning outcomes. For this, the obtained knowlatjésa
future applicability will be evaluated.

The main goal of this report is to providgiidancefor future vocational andon-the-job training
programmesfor EQF 31, based on the experience during the project. Therefdnés report will
present thefollowing:

1 Summary ofhe learning outcomes

1 Areport of the conducted coursdsvhether delivered at the vocational training centre or-on
the-job);

9 Bvaluation of the coursesand

1 Recommendations fofuture courses, including for improvemeot future courses.
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Innovative fraining schemes
for refrofifting fo nZEB-levels

2. Learning outcomesnd training programme

The leaning outcomes and training programme wgnesentedand defined in detail iother Fitto-
NZEB reports and deliverabld@herefore, only a summary is presented hereunder.

Training can eitr be presented at a vocational training centre orote and can be classified as
SAGKSNI WFdzA £ GAYSQ onn
is presented in Tabl2below. AllFitto-NZEBartners couldchoos which format theywouldlike to

trial.

K2dz2NEO 2NJ WdzLJa {1 Af € Ay3Q

Table2: Format Options for Training for Building Professionals

Location of Training Duration Construction Sector
Vocational Training Centr¢ Full Time Training Building Envelope| Mechanical Systems
(40 hours)
Vocational Training Centre Upskilling Building Envelope| Mechanical Systems
(16 hours)
OnSite Full Time Training| Building Envelope| Mechanical Systems
(40 hours)
OnSite Upskilling Building Envelope| Mechanical Systems
(16 hours)
Either atVocational Upskilling Building Envelope| Mechanical Systems
Training Centre or GS8ite
(12 hours)

Learning outcomes are presented below for both building envelope (Bahled mechanical systems
(Tabled). It should be noted that the learning outcomes below pertain to khiegest of the above
three formats (40 hours). A reduddist of learning outcomes would therefore be used for the 16

hour and 12hour training formats.

0O M
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Table3: Key Learning Outcomesiff Building Professionals (EQF43 Pertaining to Building

Envelope(40-hour format)
S Subject
1. Basis of building physics, Passive house principles, optimal solar gains

1 Heat and Heating Energy (Heat Flux/Thermal Conduction)
1  Thermal Environments
i The 5Passivhaus Pillars
0 Thermal envelope, Windows, Airtightness, Thermal Bridges and Mechanical
Ventilation System
Optimal solar gains
Climate data and climate zones
Solar radiation and window orientation: reduction factor for solar gains, windows comfo
criterion, windows Wvalue calculation
Windows installation: concept sketches
Glazing: descriptions of the glazing andf@ues (in accordance with EN410)
special aspects in curtain wall facades
Shadingadditional shading elementsline of deciduous tres optimum roof overhangs
reveal shading on one sideourtyards geen roofs
2 Comfort, health and safety requirements in buildings, incl. indoor air quality

1 Indoor air quality (contaminants and performance levels),

1 Thermal comfort, daylight ankibhting, noise, influence of nearby landscape,

1 Safety requirements in buildings and the compliance ensured during the renovation pro
Fire Safety and legal responsibilities in Buildings, Environmental regulations.

3. Insulation of the opaque envelope

1 insulating materials and their properties (thermal conductivity, water vapor diffusion
resistance factor, reaction to fire, etc.)

1 properties of elements comprising building envelopev@lues, water vapor resistance, fire

behaviour on different kind ofuilding envelopes)

correct installation of thermal insulation

risks and construction damage resulted from poor workmanship

quality control of thermal insulation

crosscrafting

4, Airtightness, vapour and moisture movement as well as windtightness

1 Benéefits of airtightness, windtightness and vapour control in high performance buildings
risks associated with interstitial condensation

1 Standard required for Passive House airtightness and comparison with national building

regulations

Materials suitalte for permanent airtightness and vapour control

Detailing for connections, penetrations and corners

Construction sequencing and timing of airtightness testing

Airtightness testing protocols and equipment

5. Solving and avoiding thermal bridges

1 thermalbridges

moisture related building damage due to thermal bridges

prevention and minimisation of thermal bridges

thermal bridge optimised window installation

crosscrafting

= =4 =
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6. Installation of highly efficient windows and exposure to high performance bgildomponents,
products and installation
1 general requirements for windows (airtight, thermally insulatingv@llue), transparent,
possibility of opening and providing shade when necessary)
91 role of windows regarding energy efficiency and comfort (view talsahe outside, thermal
protection, solar gains, ventilation during day and during night)
1 window installation in a thermal bridge minimised/free manner, airtight window installati
7. |a{ GbAL SLXE NBYy20F0GA2y YR GKS 9ySNXIAG adly
1 Potential for energy savings assessment
1 Renovation standards; certification of the energy performance
1 Details, products and materials
1 RES
1 Economic efficiency of the different steps
8. Site visitg deep energy renovation of an existing building
Part IIProject management and planning and design instruments
9. Overview of building services and how they interface with the thermal envelope: MVHR, heating
or cooling, RES
1 Walkthrough of key MVHR elements and insulation and airtightness detailirdyftis
which penetrate the external envelope
1 Heating and cooling systems overview and insulation and airtightness sealing of heatin
cooling and RES equipment penetrations
10. | Conservation of historic building fabrienovation of buildings and monumeof cultural significanc
1 Retrofit for norrresidential historical buildings with high IHG
1 Internal Insulation as a solution in historical buildings
1 Improving thermal protection towards the ground when modernising historical buildings
9 Solutions for ventiltion in retrofits of historical buildings
1 Thermal comfort in summer
1 The houseén-a-house principle
1 Built examples
1 Stepby-step refurbishment examples
11. | Project management and quality assurance
91 Introductionc basic principles;
1 Necessary legislation;
1 Executing and Monitoring in project management and energy management;
1 Basic Energy Efficiency principle;
1 Quality assurance of construction structures;
9 Coordination of professions on site.
12. | Economic efficiency of deep energy retrofitting up to the ledelpassive" and "nearly zero energ
buildings
A EED and EPBXWhat is it nZEB?
A Prices of construction materials, bill of quantities
A Energy savings and operational cegisergy efficiency measuresonstruction
A Payback period
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Table4: Key Learnig Outcomes for Building Professionals (EQ#) Pertaining to Mechanical
Systemgq40-hour format)
S Subject
1. Comfort, health and safety requirements in buildings, indoor air qualgiytightness,
vapour/moisture movementwindtightness
1 indoor airquality (contaminants and performance levels),
1 thermal comfort, daylight and lighting, noise, influence of nearby landscape,
1 safety requirements in buildings and the compliance ensured during the renovati
process: Fire Safety and legal responsibilitieBuildings, Environmental regulations
2. Mechanical Ventilation with Heat Recovery (MVHR)
1 Indoor air quality parameters (G@nd RH)
1 Recommended air flow rates for supply and extract
1 Core components of MVHR units
1 Ducting design and layout options
1 Balancing flow rates
1 Quality assurance issues
3. Heating and / or cooling systems
1 Sizing systems appropriate for high performance retrofits
1 Heating and / or cooling generation systems and efficiencies
1 Heating and / or cooling distribution options
9 Insulation of circulation pipework
4, Summer comfort / passive cooling strategies
1 solar loads,
9 air exchange / ventilation,
1 indoor heat sources,
1 impact of external colours, of thermal insulation and of thermal masses,
1 shading in summer;
1 passive coolintechnologies to avoid overheating / to reduce the cooling demand
during summer.
5. Highly efficient DHW generation, storage and distribution (including drain waste water
recovery) with special emphasis on full and complete insulation of pipes
1 DHW gepration systems
1 DHW circulation strategies
1 Heat losses from circulation pipes
1 Insulation of DHW circulation pipes including sourcing specialist fittings for awkw
pipe connections
91 Drain waste water heat recovery systems, efficiencies and installationiples
6. Energy efficient lighting systems and controls
1 Energy labelling for lighting
1 Light (lux) levels required for different tasks
1 Overview of energy efficient lighting systems for internal and external use
1 Control systems for energy efficielighting, including occupancy sensors
1 Emerging lighting technology innovation
7. RES in building retrofit, long and shé&etm energy storage
8. Site visitg deep energy renovation of existing building

Part Il Project management and planning and desigstruments

10
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9. Basics of building physics, Passive House principles, optimal solar gains, insulation,
bridges, airtightness and wirightness, high performance building components, hig
efficient windows: products and installation

1 Heat and Heting Energy (Heat Flux/Thermal Conduction)

1 Thermal environments

9 The 5 Passivhaus Pillars

0 Thermal envelope, Windows, Airtightness, Thermal Bridges and Mechatr|
Ventilation System

9 insulating materials and their properties (thermal conductivity, water vajitbasion
resistance factor, reaction to fire, etc.)

1 properties of elements comprising building envelopev@lues, water vapor
resistance, fire behaviour on different kind of building envelopes)

1 thermal bridges

1 prevention and minimisation of thermal biges

1 role of windows regarding energy efficiency and comfort (view towards the outsig
thermal protection, solar gains, ventilation during day and during night)

1 airtight window installation

1 crosscrafting

1 Solar radiation and window orientation

1 Windows insallation

1 special aspects in curtain wall facades

1 Concept sketches

1 Shading elements

1 Greenroofs

10. Conservation of historic building fabric, renovation of buildings & monuments of cu

AAAYATAOHWHOSEX a NB SR ( EnerPHits 2 OSNIBASs 2 7F
1 potential for energy savings assessment
1 renovation standards; certification of the energy performance
1 details, products and materials
1 Solutions for ventilation in retrofits of historical buildings
1 Thermal comfort in summer
1 Built examples
1 Stepby-step refubishment examples
11. Project Management, Quality Assurance
1 Introductionc basic principles;
1 Necessary legislation;
1 Executing and Monitoring in project management and energy management;
1 Basic Energy Efficiency principle;
1 Quality assurance of technicaduipment of buildings;
9 Coordination of professions on site.
12. Economic efficiency of deep energy retrofitting up to the level of "passive" and "nearly,

energy" buildings
i EED and EPBIWhat is it nZEB?
1 Prices of construction materials, bill afiantities
1 Energy savings and operational costnergy efficiency measuregechnological
1 Payback period

11
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2.1  Training Format Used by fd-NZEB Partners

Table 4 below presents an overview of the training formats used by each sixhelevant Fitto-

NZEB partners in dealing with building professionals. In many cases, the format used does not neatly
fit to the classifications illustrated in TabRabove. Partners typically had to adapt the format
depending on the timing, location andailability oftrainees.

Table5: Training Format Used by Fib-NZEB Partnerfor Building Professionals (EQF43

Partner
Training Bulgaria Ireland Italy Greece Czech Romania
Format Republic
Vocational 1 course,
Training blending both
Centre 40 building
hours envelope and
mechanical
systems
Upskilling 1 course,
on-site blending both
building
40 hours envelope and
mechanical
systems
Vocational | 2 courses blending| 1 course, 1 course, 2 courses,
Training both building blending both blending both | blending
Centre envelope and building building both
16 h mechanicabystems| envelope and envelope and | building
ours 5 ¢ mechanical mechanical envelope
coursesior systems systems and
validation of skills .
; d on buildi mechaircal
ocused on building systems
envelope
Upskilling 1 course, 1 course, 1 course, 1 short course
on-site blending both | blending both | blending both blendingboth
16 h building building building building
ours envelope and | envelope and | envelope and envelope and
mechanical mechanical mechanical mechanical
systems systems systems systems
Vocational | 1 pilot course,
Training blending both
Centre building envelope
12h and mechanical
ours systems
1 course on
mechanical system
Upskilling 1 course, 1 course,
onsite blending both | blending both
building building
12 hours envelope and | envelope and
mechanical mechanical
systems systems
Total 5+ 1 pilot 4 3 2 2
number of
courses

12
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3. Conductedcourses
3.1 Bulgaria

1 Number of students:LCoursg(pilot) -> 10, 2" course->13, 39 course->21, 4" Course->
34, 5" course-> 15, 6™ course-> 24

1 Number of hoursi1s Coursgpilot) -> 10, 29 course-> 16, 3 course-> 12, 4 Course-> 16,
5 course-> 16, 6' course-> 16

1 Course durationi® Coursegpilot) -> 10, 29 course-> 16, 3 course-> 12, & Course-> 16,
5 course-> 16, 6' course-> 16

1 Photos included below

13



/G Fit-to-NZEB
T N —
\\ S

This projechas received fundinffom the European Union's
Horizon 202@esearch and innovation programme

14



/G Fit-to-NZEB
T N —
\\ S

This projechas received fundinffom the European Union's
Horizon 202@esearch and innovation programme

=\ -~

A - —

EMCTEHTH 0

Mepmer nowomn

15



¢ Fit-to-NZEB
Innovative fraining schemes
for refrofifting fo nZEB-levels

This projechas received fundinffom the European Union's
Horizon 2020@esearch and innovation programme

CHCTEHTH OT MAPHCAH

NTEpHET NOMCLLNH H3 KW PAICTORHHE

16



.
i ¢ Fit-to-NZEB
: : Innovative fraining schemes
LaTi, oS for retrofitting fo nZEB-levels

This projechas received fundinffom the European Union's
Horizon 2020@esearch and innovation programme

17



¢ Fit-to-NZEB
Innovative fraining schemes
for refrofifting fo nZEB-levels

This projechas received fundinffom the European Union's
Horizon 2020@esearch and innovation programme

3.2 Ireland

Number of students1t Course-> 18, 29 course-> 6, 3 course-> 7
Number of hours: ¥ Course> 40, 29course-> 16, ¥ course-> 12
Course duration:LCourse> 40, 29 course-> 16, ¥ course-> 12
Photos included below

= =4 —a A
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3.3 ltaly

Number of students: Course-> 14, 29 course-> 10, ¥ course-> 5
Number of hours8+8+8+8 = 32

Course duration32h

Photosincluded below
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3.4 Greece

Number of students1 Course> 29 , 2¢ course->60, 3¢ course-> 29
Number of hours5+5=10

Course duration10

Photos included below.

w
w
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3.5 Czech Republic

Number of students: LCourse> 11 2" Course> 21
Number of hours: 8+8+8=24

Course duration: 2#Aours

Photosincluded below.
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3.6 Romania

Number of students16
Number of hours6
Course durationi day
Photos included below.

= =4 4 A

Train-fo-NZEB

Ce este nZEB?
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3. Evaluation of conducted courses

4.1 Bulgaria

9 Total combined number of students: 117
9 Total combined number of hour86
i Total combined courses duratio86

Key Challenges Encountered
NZEB warenessis key to demand for training

Unfortunately, the understandingof the benefits and the principles of leenergy buildings is still
insufficient,and there is no explicinarket demand for nZEEBsd deep energy renovatiohgnceq

there is limiteddemand for nZEB training as well. The training demandl&ee mostly to the
execution of the National Programme for Energy Efficiency, which poses requirements that are miles
away from achieving ambitious energy performance parameters.

Appreciationof skills gapand recognition of skills

Not being pressed by anket demand, wrkers(and their employersR 2 y Qi NXB I £ f fact I LILINBS OA
that nZEB and deep renovation require a qualitativedy set of knowledge and skilldn addition,

the certification scheme is not yet recognized by employers and there is no active register of skilled
workers. The working solution is collaboration with professional chamber associations, as well as
product manufacturers and suppliers, whistings credibility to the training scheme.

Practical training

Lectures, PowerPoint presentations, calculations, written tastsobviously not a point of attraction

for construction workes. While the facilitiesin BKHprovide acceptableconditions forhandson
practical training onthe regular construction types, they are still not comparable to trainingitm

and is only limited part of the equipment is portable. Being a good first step;bBKét! training can

be coupled with orsite sessions, if #re is sufficient market demand. However, this may be
complicated in terms of timing and aligning with the construction procksaddition, the teams of
trainers (usually consisting of an architect and a mechanical engineer) should attract experienced
onsite professionals to perform the demonstrations which are still rare to find.

Lack of time

Without appreciation of the benefits, wide market recognition of skills, and relation to a specific
project, lack of time is cited as one of the most pressing eexifrom both companies and workers.
Although the return visits of certain construction companies show that this is not the case when
benefits are realized, still we need to fight this barrier through blending of -baded first
presentation of the theoryvith shorter faceto-face sessions.
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4.2 lIreland

i Total combined number of students: 31
9 Total combined number of hours: 68
i Total combined courses duration: 68

Key Challenges Encountered

Key challenges encountered by the PHA team in Ireland in delivering this training are summarised
below.

Recruiting Trainees

It can be difficult to recruit trainees for such training programmesen though there was no charge
for the training.In Irelard, there is a major shortage of construction workers in the capital region, so
everybody working in the sector is busy and finds it difficult to take time away from work to
undertake training. It is important that leadership and management in constructiompanies buy

in to the benefits of education and training in deep retrofit and facilitate their employees taking the
training. SeHemployed singldirm construction workers often find it difficult to take time off for
training and are not even conscioobthe need to upskill as it is typically not required in the industry.
In terms of generating interesting in future trainings, it is important to broadcast the legislative
requirements for NZEB front'November 2019i6 Ireland) which will hopefully stiulate greater
demand.

Joining a Project MidWay

On two of the onsite trainings that PHA delivered, work had already progressed on dealing with
airtightness which was incorrect and needed to be altered. This involved removing materials and
applying anew approach in terms of sealing the external envelope. In both cases, the contractors

and owners were fully ocboard in following a new approach and proactively applied the new
measures in good spirit. Furthermore, the contractors in both of these easesmore confident of

getting a good airtightness result following the-site training and the ovell WY 22 RQ 2y (G KS
improved. Nevertheless, there was a cost involved iapplying airtight materials and it would have

been much better to catch these things from the outset. The lesson from this is to try and get involved
with projects from the verpeginning ideally before thegtarton site.
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Inclement Weather

Winters in Ireland tend to be wet and cold (though not as cold as some other regions in Europe). This
presents a significant challenge in terms of delivering trainingitafrom Octoberthrough March

On a positive note, it is also a time of the year when contractors tend to betessed about taking

time away for training, however, so participation rates can be higher. One of the trainings that PHA
delivered took place in very coldeather where the learners were uncomfortable outside and where

their attention-spans were compromised. Furthermore, cold weather can place a constraint on some
deep retrofitting activities, such as application of plaster on external wall insulation dicagpn of
liquid-applied airtightness membranes. PHA can imagine that weather could be even more
O2yaAGNIAYAY3A AY &2YS 2F GKS LINIYSNEREQ NBIAZ2YyaAD

Expertise in Hand©n Application Training

The trainers at PHA are quite practical people and have ceraite experience in visiting
construction sites and advising design teams and contractors alike in terms girbetites in deep
retrofitting. However, the PHA trainers are not qualified tradespersons (with no qualifications in
electrical, plumbing orentilation, for example) and thus cannot competently demonstrate hands

2y |ttt StSYSyila Ay@2ft 3SR Ay RSSLI NBUNRTFAOGGAY3ID
in handson application, therefore, PHA invited specialist and highly expezgtapplicators to co

deliver some of the material. We referred to such extercatributorsasWt -BlB Y 2 Thd3ebpro

demos proved to be very positive and wedkeived by the learners. They also provided some variety

in terms of shareebtories of experiaces from different projects.

4.3 ltaly

Total combined numbeof students: 29

Total combined numbeof hours 96

Total combined aurses duration: 96

Photos and / or videosSee above

Key challenges encounteredifficulty in recruiting trainees, difficulty in convincing trainees
to attend courses in other cities, where the training facilities are located.

= =4 -4 4 A

4.4 Greece

w  Total combined nmber of students: 118

Total combined numbenf hours :30

Total combined coues 30

Photos and / or videos: See above

Key challenges encountere@: 2 YS 2F GKS (UNIXAySSa (K2dAK3G GKI
FYR 2dz2NJ Of AYI GS¢d 2S5Q@3S GNASR G2 O2y@AyO0S GKS
they are notwellprep NS R (KSe& g2y Qi KIF@S Fye OKIFIyOoS G2

€ e € ¢€
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4.5 Czech Republic

Total combined numbeof students:32

Total combined numbeof hours:48

Total combined coursed8 hours

Photos and / or videos: See above

Key challenges encounteredlifficulty in recruitng the trainees, lack of interedh training
coursesduring the construction periodvithin the target group. They tackle with the
construction managers whshouldconcentratemore on deep retrofit as the approach

= =4 -4 -4 =9

4.6 Romania

Total combined number of student&6

Total combined number of hours: 6

Total combined courses duratioh:day

Photos and / or videos: See above

Key challenges encounteredhe participants in the training course were members of the
team Over4 (Associatioof students and young professionajsnainly architects, civil and
building services engineersttps://www.over4.org/home) who prepared the Romanian
prototype housefor the participation in theSolar Decathlon tlEope 2019 competition
(https://sde19.konkrete.me/competitior) in Hungary. @&me of themembers of Team Over4
already atended the courses organised within TramnZEB projecthe aim of the short
training was taupdate their knowledge and sdlsonretrofit at nZEB level, taking into account
their level of expertise, their achievement with the retrofit prototype house prepared for the
conference and, last but not least, their enthusiasm in learning and daiitddjrigs better.
The building itself waased as training model and one additional sasite wooden house
mockup wasincluded in the demonstration of nZEB retrofit technologies. Key issues in the
concept and execution ofhe pilot building were highlighted during the course.

= =4 4 -4 -9
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4. Conclusions ath uggestedimprovements for Future Courses

5.1 Bulgaria

The results from the survey in Bulgaria demonstrate overall positive appreciation of the courses and
willingness of the participasto engage in additional training on specific tapiwhich is considered
a positive sign. Out &5 received questionnaires, the responses are as follows:

How do you rate the content of the lecture
course

35

30
25
20
15
10

o o

e 4
Excellent o
Very good Good

Satisfactory

4
Bad

Although demonstrating an overall good appreciation, based on informal discussions with course

LI NI AOALI yGax AlG Aa orfirelyhrfest e expektatidns td eSligi@d withh S& R/
the National Programme for Energy Efficiency. This is a serious issue, as the programmes targets
SySNHe Oflaa [/ 0dzl) 02 HnnYgKkaldYklI 0 6KAOK R2Say

How do you evaluate the work of the lecturers?

35
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Excellent Very good Good Satisfactory Bad
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The lectuers are evaluated as well prepared, although some improvement should be targeted,
especially in the practical demonstration area.

How do you assess the conditions in the training

room?

30
25
20
15
10

5

0 A A

Excellent Very good Good Satisfactory Bad

The courses were conducted in different locations so the full equipment measavailable
everywhere, although the Bulgarian Construction Chamber invested own resources to replicate most
of the practical training facilities in joint courses outside Sofia. The temperature comfort in the rooms
also influenced the evaluationunfortunately, it is still not optimal in the University of Architecture

in Sofia, where the BKH is situated. The training equipment and facilities are however equivocally
recognized as unique for Bulgaria.
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Which topics would you like to get additional information and
materials on?

Ecology and sustainability e ——
Project Management m—

Engaging stakeholderSm——
Monitoring and quality assuranccu——
Energy Efficiency Policie sum—
Step-by-step building retrofit ——————————————————————
/ 2YF2NI S KSItGK | YR vieieSsisteiesimynteimd | A NJ |j dZ f A
Software planning and design too | S
Economic efficiency m

RES in building renovation. Storage of ene iy
Renovation of heritage buildings m S —

.dZAf RAY 3 aeadsSvay a:+!| wieetShminayhlasmysRaeGaeans A  J S

PANIGAIKGYSaa I Y2A &l coshSesysResgm )2 NJ LJSNY S oAt

SOSY NIt AT SR SySNHE LINE Runtrimmtayils VI v 3SYSy (i aea

.dzZAE RAY 3 Sy @St 2LISY ¢ KS Nmeytesnimimeteai > (§ K S NY |
Optimal Solar GainsH

LYGNRRdzOGA2Y (2 0dz f RighSeesiedmmuOs «k t NAYy OALX S

0 10 20 30 40 50

On which topic do you need more practical training?

Ecology and sustainability
Project Management I

Engaging stakeholderSmmmm
Monitoring and quality assuranccummm
Energy Efficiency Policie s
Step-by-step building retrofit EE— —————
I 2YF2NIZ KSFHE UK | yR ‘mmintemdes Ay Of ® | ANJ |jdz f A
Software planning and design too| S
Economic efficiency nmmmm
RES in building renovation. Storage of energy
Renovation of heritage buildings n - ——
.dZAf RAY3I &deadsSvyay azl whetmisayhsesmystesdaer ( Ay 3>
PANIAIKGYS&aa T Y2A 4 ossSesysRegs )2 NJ LISNY S| 0Af
SOSYy NIt AT SR SySNHeE LN Rmmdmm) 2y> VYIylI3SYySyid aea
LdZAE RAY 3 Sy @St 21IS5Y ¢ KS N seseyimessims i A 2y > 0 KSNYIf
Optimal Solar GainsE————
LYGNRRdAzOGAZ2Y (2 0dAf RysEmmmite 3 A O3 k t NAyOALX S

0 10 20 30 40
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After visiting the course, the participants are alrgaaware of the need of new information on
specific topics, which is demonstrated by the greghove. However, this does nioidicate aspecific
interestand intentto visit and pay for training. The surprising fact that mechanical ventilation with
heat recovery and RES in building renovation receive most positive answers is due to the fact that in
most of the courses, this content was limited as floeus was on building envelope. Similarly,
practical training on BIM solutions and other planning and desgdtware tools require more time

and dedicationHowever, the responses providesalidgeneral guidance for the structure of future
courses, as well as for the expectation of the construction professional for the development of the
building renovation pactice.

Topics for further training

.dzZAf RAy3 aeaiasSvya Ay ﬂKS—SNE S
¢CSOKYAOIt az2ftdzixzya ?—ﬁ gAYR2ga Ay
PANRGAIKGYySaa Y GSOKyA é—/éz LINF OGA Ot 1
Energy-efficient building renovation (8 hours_
Certified passive house tradesperson (16 hour_
Certified passive house designer (40 hour_

0 5 10 15 20 25 30 35

Confirming the conclusions above, due to the raised awareness and interest, there is a stated demand
for additional training on building systems, focused on MHVR solutions, which will be tested on the
market with the course participants despitihe previous unsuccessful attempts to organize
individual courses on this topic. After the training, the courses are already recognized as too short
(while considered ato long before attending), which is whiyalf of the respondents would like
another cairse on the same topic. It is interesting that many of the participants declare interest to
the Passive House Designer course, which is explained from one side with the newly created
understanding of the existing knowledge gaps, but from the other thatpidescourses were
marketed to workers at level 3 and 4 under the EQF, they were also visited by professionals with
higher qualification (which is deemed as a positive feature as actually they are the ones that would
transmit the knowledge to the buildingtss).
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5.2 lIreland

1 What would you do differently if you were to repeat these trainingswhat improvements
would you make?

Timing is critical

We found it to be critical to get ehoard with thetraining deliverybefore mistakes are made by the

construction crewlf the training takes place after project commencement, and significant errors

have already been made (for example on the airtightness strategy), then the construction crew are
oftenreluctantto acceptdhy 38a (2 GKSANI I LILINRI OK® ¢KAa OlFy ONB
trainer, with a defensive position being adopted perhaps by those that were involved in incorrectly
implementing the deep retrofit measures.

On one of the trainings that PAH delied, the contractor had installed internal partition walls
upstairs that were going to make it very difficult to achieve a continuous airtight layer on the
underside of the roof rafters. It would have taken very little effortemporarilyremove these std
partitions, install a continuous membrane and then refit the walls. The contractor declirfetide

this recommendation, however. We await to sebat level of airtightness they achieve.

Pre-Prepared Construction Details

For one of the orsite tranings that PHA carried out, the Architect had already prepared detailed
construction drawing$or all of the key junctions and penetrations. These drawings were then used

in-class to explain what the strategy was, for example, pertaining to airtightnates, these same

drawings were used ogite to implement the retrofit details. The details illustrated clearly how
insulation, thermal bridging and airtightness were to be handled. On the other two projects, there

were no such construction details avaifals > a2 ¢S KIR (2 WiKAYy]1l 2y 2dzNJ
to how to deal with specific junctions. This presented a challenglddrainer which, whilst not
insurmountable, would havbeen easier for all involved if details were available.

More TimeNeededc to include Theory

For one of the ossite training sessions, we had ample titeecover all modules sufficiently. The
20KSNJ 62 ONIXrAYyAy3d aSaairzya oSNBE aK2NISN FyR RA
level of detail. In relation tahe shorter sessions, there was not the same scope to cover the
theoretical side of training as much as we would have liked. When time is short, the contractor will
generally want the training to focus on hands application and practice, rather than theical

aspects. PHA contends that sormenimum amount of theory is important for all trainees, so that

0KSe dzyRSNRGEFYR y20 2yfeé WK246Q (2 R2 az2YSGKAy3:
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1 What advice would you give other training providers if they were to undertake such
training in the future ¢ what should they mostdefinitely do, what should they avoid?

PHA recommends the following based on their experiences in delivering the threeNEAEB on
site training sessions:

1 DO deliver at least sonteining on-site whenever possibleThere is simply no better substitute
for seeing the application of best practice right on the-gite.

1 DO follow thdogical training sequencef (1) theory and key principles, (2) harals application
2y LINI OGAOS Y2RSta 6KSNB y2 RFEYF3IS Oly -0S R2yS
on application on the project proper.

1 DO get the trainees to sketch draw construction detailsq even if they are very simple. In
Yequiingl &42YS2yS G2 RNl g | O2yadNHzOGA2Y RSOIFAT X
O2yaiNUzOGA2y &aSljdsSyOAy3a GKIy (GKSe g2dd R o0& 2d
engagement. PHA has found this to be a gteaching tool over the year§ome learners will
struggle initially with this askthey might never have been asked to draw anything before! Make
sure that they all give it a gpthey will be pleasantly surprised at how well they do.

1 DO frequently redr to the impendingairtightness testwhere the impact of their quality of
application will be gquantitatively tested. There was great excitement on the day of the
airtightness test on two of the projects in Ireland, with everybody anxiously wonderingthvhat
final result would be. This creates a memorable event for all and a great sense of pride (and
relief) when the result is really good.

f DO bring in external practitioners to provideLIRB Y2 4 Q O LINRP FSa a A ykeyf RSY2Yy
parts of the trainng such as airtightness installation and ventilatidheir handson skills will
generally be far greater than those of the trainer (who will probably not be a contractor in their
WREBO Q¢ KSANI aKIF NBR SELISNA Sy OS ahepflBoYhe Wak&s f Q 0 dzA
FYR GKS GN}XAySSa gAtf ISYSNrftfte LI OS INBIFGISNI
Plus, the practitioner will most likely enhance their teaching skills each time they deliver such a
WILIRBY2 QX | & a ApkedadingkBowledgSilythelr seguBar job.

T 5hbQ¢ adGk NI 6AGK LINI O brio theorEISKNIIA adS21y G iy R 20N S yA
cases. PHA developed a routine whereby theory was deliveredHirgg, following by practical
exercises later.

1 5 h b Qe traidadg materials which are not directly relevamr applicable to the project where
training is being deliveredlake care not to include training content from another climate, or
building type, for example. An example of this might be a very expersiyption for fixing a
thermal bridge which, while achieving good results, is rarely used in practice due to cost reasons.
Contractors are very practical and cdstused trainees. If a trainer is presenting ideas,
materials, details, or whatever, which areo difficult or too expensive to construct they (the
trainer) will loose credibility with their audience.
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T 5hbQ¢ F2NESG GKFG | O2yGNI OG2N) GNIYAYSS INERddzI
educationand that it is the responsibility of thediner to ensure that all of their studentsan
adequatelyfollow the material.Be sensitive to the fact that the students may include persons
that have reading and writing difficulties, might not be familiar with doing even the simplest
calculations or nght be totally flummoxed by too many acronyms and units for various
measurements.

1 5hbQ¢ KI @S &adzOK f I MBSoutdh practicdl &xpelicdesVith lolssRel Jt S
training, it is important that all learners get the experience of haodspplicatonsg this can be
difficult with very large classes.

5.3 ltaly

How do you rate the content of the Fit-to-nZEB course?

m excellent = very good = good intermediate = weak

\_

How do you evaluate the work of the lecturer?

m excellent = very good = good intermediate = weak
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100% = 4, a) Which would you like to get additional information and materials on?
00% ® 4. b) Which are important for student / worker training but are not yet sufficiently covered in the curriculum of the educational institution / in-house training programme of the firm you represent
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5.

0% 10% 20% 30% 40% 50% 60% 70%  80%

Air-tightness 60%

Mechanical ventilation with heat recovery 40%

Installing windows 20%

Insulation installation 20%

Design of positive net energy / passive buildings 60%

40%

Infrared thermography

Software design tools 80%

1  What would you do differently if you were to repeat these trainingswhat improvements
would you make?

A bigger mockups required in order to give the possibility to all trainees to practice by doing.

1 What advice would you give other training providers if they were to undertake such
training in the future¢ what should they mostdefinitely do, what should they avoid?
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| would suggest t& | @ S

(NI AySSaQ tHaNBSdzedgle. Bhis is Kne yfeimum2dN

guarantee trainees to be adequately followed by the trainer.

5.4 Greece

w  Results from survey questionnaires

1. How do you rate the content of the Fit-to-
NZEB course?

0% 20%

40% 60% 80% 100%

Excellent I 57%

Very good I 43%

Good 0%

Intermediate 0%

Weak 0%

2. How do you evaluate the work of the

0% 20%

lecturers?
40% 60% 80% 100%

Excellent I  86%

Very good I 14%
Good 0%
Intermediate 0%

Weak 0%
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3. How do you assess the conditions in the
training room?
0% 20% 40% 60% 80% 100%

Excellent I 36%
Very good 0%
Good NN 14%
Intermediate 0%

Weak 0%
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0% 10% 20% 30% 40% 50% 60% 70% 80%
ar-tighmess [
Mechanical ventilation with heat recover_ 29%
instaling vindows [
insulation installation [ N -
. 71%
buildings
intrared thermograpn I -
Software design tool_ 43%

w  What would you do differently if you werdo repeat these trainings; what improvements
would you make?

| would do the groups smaller in order to give more time to trainees to ask questions and to practice.

w  What advice would you give other training providers if they were to undertake suclirtiiag
in the future ¢ what should they mostdefinitely do, what should they avoid?

Avoid groups larger than 20 people. Give the trainees all the time they need to practice and solve all
of their questions.

5.5 Czech Republic

Number of

Survey questionnaires
answers

TOTAL %

1) Did the course meet your expectations?

Absolutely yes 3| 214 %
Yes 9| 643 %
Not really 2 14,3 %
No 0 0,0 %
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2) You will use the newly acquired knowledge
Yes, | will use it 10| 66,7 %
I will tryit 5/ 333 %
Difficult to use 0 0,0 %
| don't now 0 0,0 %

3) What was the total duration of the training?
Too long 0 0,0 %
Satisfactory 14| 933 %
Too short 1 6,7 %

4) What are the indoor spaces for the course”
Absolutelysatisfactory 8| 57,1 %
Satisfactory 6| 429 %
Unsatisfactory 0 0,0 %

5) How did you hear about the course?
Invitation 4| 28,6 %
Internet 6| 429 %
Other 4, 28,6 %

Innovative fraining schemes
for refrofifting fo nZEB-levels

1) DID THE COURSE MEET YOUR EXPECTATION¢

m Absolutely yes mYes
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2) YOU WILL USE THE NEWLY ACQUIRED

KNOWLEDGE?
mYes, | will use it m 1 will try it m Difficult to use = don't now

3) WHAT WAS THE TOTAL DURATION OF THE

TRAINING?
H Too long m Satisfactory m Too short

7%

4) WHAT ARE THE INDOOR SPACES
FOR THE COURSE?

m Absolutely satisfactory m Satisfactory  m Unsatisfactory
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5) HOW DID YOU HEAR ABOUT THE COURSE?

W [nvitation Internet Other

1 Results from interviews postompletion of the training

"The unique models of building constructions in the Prague training center are great examples of
nearly Zero Energy Buildings and deep energy retrofits. The trainees see the real details of modern
construction solutions presented at the attractive pradticam."

Jan Fibiger, ABF Foundation

The participants of the courses were impressed with the volume of information presented within
the course and cover by the training materials. They love the training models and will use the
details in their personal prds.

1 What would you do differently if you were to repeat these trainingswhat improvements
would you make?

We would do only onelaytopic-oriented coursesThere is a chance to present at least 17 topic
oriented courses; each with the practical part asxdsscraft part.

1 What advice would you give other training providers if they were to undertake such
training in the future ¢ what should they mostdefinitely do, what should they avoid?

We would advise tmrganizeshorter (oneday) topic oriented coues for no more than 25
trainees (ideally 12). Secondly, there is a critical need for interactive sessions when providing the
trainings.

5.6 Romania

The feedback from participants was very positifee Team Over4 successfully participated in the
SD Europ2019 competition, where they placed on the thipthce being awarded with the bronze
medal pne ofthe highest scores obtainadas for Energy balancdylaybe part of their success was
due to the participation in the &to-NZEB course.
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Greece : Survey was electronic. We used the same scheme as in theur3g@

Czech Republic: Survey questionnaire (only in Czech langWdgejsed the same scheme as in the
Trainto-NZEB project focomparing both project.

SEVER,

Anketa spokojenosti Géastniki kurzu Datum:

Nazev kurzw

Jmiéno Skolitele:

Anketa je anonymni @ bude slauZit jan pro whodnoceni spokojenosti @ zp&tne vazby.
U atazek s vyberem odpovedi prosim zakrouzkujte jedna pismena Vami zvolene odpaved.
1) Vase obekavani skolic kurz celkove:

3] zcelasphil

b} =splnil

| spife nesplnil

d} nesplnil

2) Ziskans poznatky ve Vadi dalii praci:
3] wyudijete
b} néktare zkusite
c} tEiko wyulijete

d] zatim newvite

3) Celkova doba tredni se Vam jew jaka:

a) dlouha
b} wyhovujici
c| leratka

4) Prostory pra konani kurzu jsou:
3] zoela wyhovujic
b} wyhovujici

¢} newghovujici

5) Informaci o kanani kurzu vite =
3] ponvEnky
b} internetu

c} jinak:

Dékujeme za vypinéni ankety a za Vs cas.

m This project has received funding from the European Union's Horizon 2020 research

and innovation programme under gramt agreement Mo 754058



