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1. AUDIT
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PHPP to model existing buildings ? EuroPHit

Recalibrated PHPP9 with monitoring data on existing office building

* Timber frame, double glazing, extract only, n50 = 6,8 h!

* Heat supply : 60% pellets, 40% gas

*  PHPP heating consumption matches monitored levels (150 kwWh/mZ2.a, + 10% monthly)

B Ambient Temperature [*C] M Average indoor air temperature (Measurad) [°C]

O Estimated internal heat gains (Measured) [W/m?] N Heating Consumption (PHPP) [kWh/m?]

Heating Consumption (Measured) [kWh/m?]
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Efficiency for comfort : windows EuroPHit

Passive House quality even with hotter winters ?
Minimal Uw [W/(m2.K)] for winter comfort, average minimal temperature in winter
-> Comfort is not the only key, have a look at the winter energy balance !
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Winter energy efficiency : windows EuroPHit

Minimal Uw [W/(m?2.K)] for positive energy balance on windows
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irradiation reach windows
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Efficiency for comfort : walls EuroPHit

Passive House quality even with hotter winters ?

Yes ! But comfort must be completed by an economica | assessment
Minimal U-value [W/(m2.K)] in walls for winter comfort
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Economical efficiency : components

Is it worth to retrofit a wall already insulated?

Example : Prefab concrete panels 1978
* 8 cm mineral wool insulation
* U=0,47 W/(m2.K)

Example : Concrete form wall 1973
* 10 cm interior insulation with mineral wool
* U =0,35 W/(m2.K)
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Is it worth to retrofit a wall already insulated? EuroPHit

Example ETICS on prefab concrete panels 1978 (thous ands of buildings)
* Existing: 8 cm mineral wool insulation, U = 0,47 W/(m?2.K)

* Investment ETICS: 90-150 €/m2 wall according U-value, Render : 35€/m?
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44 Case Study Courcelles, FR

4 6 8
R wall [m2K/W]
e Direct electric heaters, 15 c€/kWh, investment period 20 years, residual value on extra 30 years
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Economical efficiency : components EuroPHit

Compare your building to the average figures of you r country

U-values for walls [W/(m?.K)] ENTIRA
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Initial airtightness

Is the initial airtightness relevant to the economi
* Office in timber frame to be retrofitted

* Mechanical ventilation extract only

* [|nitial airtightness test : n50 = 6,8 h1

Was it worth to do an initial blower-door test ?

* Yes, as a guidance for the airtightness design
* Yes, as it helped calibrating the PHPP

* [Instead of a pessimistic n50 = 10 h1,

- 17 kWh/(m2.a) heating demand (PHPP)

+ 18 €/m2 net present value (test cost: 2 €/m?)

Observer Project Archipente, Montbrison, FR
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EuroPHit

2. DESIGN
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Decision Graph EuroPHit

Can you invest in one-shot EnerPHit? (3 years)

AN
J o N e l

Can you invest in SBS EnerPHit? (5-10 years) Synergy savings > Lost residual value?

N

nMes l no yes

v Voo
Urgent retrofit priorities? Numerous retrofit priorities? Can you invest now in PH and RES?
no yes no yes no yes

orP erP EnerPHit EnerPHit
B = SBS SBS

ge asie 1: NPV 1: Savings

EnerPHit EnerPHit
SBS 1S

1:Efficiency Efficiency
2:RES +RES
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Keep tenants inside EuroPHit

Minimize cuts, holes and fixations

Minimize scaffolding duration / avoid scaffolding

) ) . . eg Ventilation ducts
Couple deep interventions inside dwellings ~ ——> 414 DHW plumbing

=l
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Setting up an
Overall Refurbishment Plan EuroPHit

Solution ranking Action cost matrix Upgrade existing plan

Overall
Refurbishment
Plan

Example on Case Study Courcelles, France

*  Multifamily social housing

e 2 x 16 dwellings

* Prefab concrete panels

* Heating and DHW individual, direct electric
* Existing heating demand = 90 kWh/(m2.a)
e Existing PE demand = 390 kWh/(m2.a)
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Solution ranking

1. Define solutions with owner/investor
2. Rank these solutions (use PHPP9 Variants)

EuroPHit

ng

35%

23000

20000
L |

15000

¢ Comparison
Input: comparison configuration 3
Description| M\VHR g’
é
Component t)le Ventilation system ('Ventilatig 1
REXES" | L
"Lower Eiﬁg'gmng"d@ﬂamj 7-Min Efficiency (RT-Ex) 91.7
Investmeaii k@ ba de 52000 38.9
Overall speBifEUYJRaIBIIIRNS BERRIRdE/A 800

"Higher Efficieg&(?liogr,gﬁfj

L 2-2: MVHR 85%

Overheating frequency

Primary Ene%\fﬁgﬁes%?&%ﬁ (€]

137600

387.9

S000

11

o

Annual maintenance costs [€/a]

1600

Financial support (present value) [€]

Annual global cost [€/a]

10000 4

Low efficiency

H Total cost space condifioning

High efficiency

BAnnuity (capital costs)

3.3
204. 4

Centralised MVHR vs standard maintenance on existing extract unit (16 dwellings)

Present Value Energy savings (20a) = 57 €/ m2TFA
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Solution ranking EuroPHit

Define solutions with owner/investor

Rank these solutions (use PHPP9 Variants)
ldentify best candidates for first step

Check for incompatibilities

e

Result in this case: First step = Ventilation

Most Urgent asiest/Cheapest Best NPV Hjghest Savings

Windows Windows Roofs Ventilation
Heating&DHW Walls Walls Windows
Wallls Heating&DHW Ventilation Wallls
Ventilation Roofs Heating&DHW Heating&DHW
Roofs Ventilation Windows Roofs

Slabs Slabs Slabs Slabs
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Action cost matrix EuroPHit

Which retrofit path?

Lines: Before Windows Walls Ventilation Heating Total induced
Columns: After costs

Windows

Walls

Ventilation

Heating

Total incurred
costs

[€/dwelling], 20 year period
Cost calcuation: Investment (Synergies) + Lost Residual Values — Energy savings

MAISON
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Action cost matrix: Example Courcelles EuroPHit

Windows

* New triple glazing PVC window installed in the inner

insulation layer
* Investment = 8.8 k€/dwelling

* Energy savings (PHPP9) = 5.5 k€/dwelling

Walls

* Airtightness: exterior concrete panel + sealing
200mm EPS glued on exterior panel, sealed air layer

* Investment = 6.3 k€/dwelling
* Energy savings = 4.7 k€/dwelling

Windows before Wallls

* Intermediate then final connection to walls

* Investment = 0.9 k€/dwelling
* Energy savings = 0.1 k€/dwelling

Walls before Windows

* Intermediate then final connection to windows

* Investment = 2 k€/dwelling
* Energy savings = 0.1 k€/dwelling

Co-funded by the Intelligent Energy Europe
Programme of the European Union

www.europhit.eu

| T —— New PVC Frame with triple glazing, fixed to inner concrete wall

Airtight and waterproof sealing, compressed impregnated PU tape e wall
Subframe (PUR rigid foam) ated PU tape
Airtight membrane + intermediate sill connection (insulation + pan)
Complementary insulation (mineral wool) + metal sill pan

aster
Exterior insulation EPS 20 cm + acrylic render
2 cm air cavity sealed at windows openings by airtight membrane ition

lable material

EPS mortar-glue on existing render as airtight layer

2015-2016 : airtightness + window

2017-2018 : exterior insulation wall



Action cost matrix EuroPHit

Lines: Before Windows  Walls Ventilation Heating Total induced

C0|umns: After COStS

Windows 8800-5500= 900-100= 2000- 0 = 0 6100
3300 800 2000

Walls 2000-100= 6300-4700= 0 0 3500
1900 1600

Ventilation 0 0 9300-4300= 0 5000

5000

Heating Heating Heating Heating 10300-8000= 11300
oversized = oversized = oversized = 2300
3000 3000 3000

Total incurred 8200 5400 10000 2300

costs

[€/dwelling], 20 year period
Cost calcuation: Investment (Synergies) + Lost Residual Values — Energy savings
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Upgrade refurbishment plan EuroPHit

1. Build up a low-efficiency retrofit scenario (either national standard or
low energy label)

2. Modify it to embed EnerPHit efficiency
3. Chose measures according to priorities defined with investors:
* Occupants comfort
* Building health
* Positive Net Present Value of single measures or group of measures
* Technical feasibility

Co-funded by the Intelligent Energy Europe WWW. e u rO p h |t. e u —
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Setting up an overall
refurbishment plan : Example EuroPHit

Base scenario, minimal energy efficiency as require  d by national standard
* Investment required (6 year period) : 22 k€/dwelling

* Global cost on 20 years : 34 k€/dwelling

* Total energy bill (with white goods) : 1650 €/dwelling.a

* Scheduled measures : window replacement, new paint on walls, change electric heaters, replace
sanitary facilities

Maintenance strategy with minimal energy efficiency (national standard) i© La Maison Passive
2014 2015 2016 2017 2018 2019 2020

Slabs g all ull all al il al ©
Balconies g atl atl all all al © il
Walls gf| O ‘Il:.- alll O ‘Ill- il il il
Windows g all! all 0 |II| O ‘IIII all

Roofs g | il Tl ol ol all © ]
Ventilation g ul ul i al O al al
Heating g al © Tl all all all al
Domestic Hot Water g all all all |III o ‘Illl aill
Lighting, Cooking, White goods 4| all! alll! alll! all all all

Building energy class E E E E E E E
Bad condition: 4 Colors indicate energy class of components

Used but functional: yf
Good state: g

New: il

Works scheduled: O
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Setting up an overall
refurbishment plan : Example EuroPHit

EnerPHit scenario

* Investment required (6 year period) : 41 k€/dwelling

* Additional investment for EnerPHit : 19 k€/dwelling

* Global cost on 20 years : 48 k€/dwelling

* Total energy bill (with white goods) : 400 €/dwelling.a

* Scheduled measures : phB windows, MVHR, ETICS, Insulation roof, Air/Water heat pump for
heating/DHW

Maintenance strategy with EnerPHit energy efficiency © La Maizon Passive
2014 2015
Slabs gfl ol
Balconies yf ol
walls gl a O
Windows g Jl ©
Roofs g n .! fl T T
Ventilation i 51 ] [ i I
Heating o all O e
Domestic Hot Water ol
Lighting, Cooking, White goods g all
Building energy class E D
Bad condition: | Colors indicate energy class of components

Used but functional: g
Good state: gl

New: gl

Works scheduled:
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Setting up an overall
refurbishment plan : Example

PHPP9 Variants
* 85% reduction in heating demand
* 75% reduction of Primary Energy consumption

Programme of the European Union

B 1: Existing
M 2: MVHR 80%
M 3: Windows Uw=0.8
R 425
= @ 4: Walls U=0.10
_g % 400
EE 375 +— [0 5: Additional roof insulation U = 0.10 + Grey Water Heat Recovery +
3 = 350 | Air/Water Heat Pump + Efficient Lighting
e £
; X 3
c
= % 300
Q
T 'E 275
‘< E 250
: ©
E T 225
& & 200
o
£ -
E S_) 175
te)
150
<%
- X 125
=i =ah
£2 o
o=
] 8 75
<
2% 0
g0 25 |
I 0
Annual heating demand Heating Load Frequency of overheating  Total primary energy demand
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Setting up an overall refurbishment plan :
Example EuroPHit

e  Calculation made with PHPP9, Variants and Compariso  n Sheet
* Additional EnerPHit investment balanced by energy sa  vings on a 20 year period

* | Energy savings can’t always be fully recovered by investors (here roughly 50%)
B Cumulated additional investment EnerPHit
B Present value energy savings on 20 years
25000
20000
oo 15000
£
]
3
o
+ 10000
Q
o
vy
2
=
W 5000
0
14 2015 2016 2017 2018 2019 2020
-5000 © La Maison Passive
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EuroPHit

3. REDUCE COSTS

- -
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Airtightness EuroPHit

Is it always necessary to renew the existing render to get an airtight layer
on walls ?

* Airtightness test after replacement of windows and doors, airtight membrane on roof :
n50 = 0.7 h-1

* Why ? Relatively airtight concrete form wall with cement render
* Not the case with masonry !

Do we save money here ?

* Avoid scraping and refill of existing render: - 30 €/m?

* Need to test bonding strength: + 5 €/m?

* Avoid dowels: + 40 €/m?

Observer Project Sauvage, Lyon, FR

. . LA | MAISON
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Total annual cost

Step: ETICS + Garage slabs & roofs

-100 kWh/(m2.a) heating demand
Investment EnerPHit = 190 €/m2TFA
Investment Minimal = 34 €/ m2TFA
Energy savings = 177 €/ m?TFA

Gain on total annual cost for heating (gas) after step:
-266 €/dwelling.a

EuroPHit

Economic viability

Total annual costs 11.31 2889 |H 10.27 2623 1.04

266

Maximal economically viable additional investment costs 176.84

45172

Cost per kWh of sawved final energy

6.0
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Find reproductible solutions

Ceiling + MVHR before Wall

Case Study_06_Auby_France
Eave Detall

300mm blown ceiling airtight ness:
mineml wool iber PE memt_rra_ne
under exsting

mineral wool 100mm
and an ceiling joists

TMVHR supply air duct

glued EFS
300mm 0.031 W/(m.K)

eave airtightness:
adhesive pnmer to wall and ceiling airtight layer
plaster spray on masonry and beams

save:

20mm plywood fascia and soffit, render
new batten 120cmxl6cm extending eave
160-200mm blown mineral wool fiber
new underdayment

counter battens and reused tiles

with acrylic render

wall airtight ness:

adhesive mortar for EPS

existing wall:

gypsum board

70mm EPS

200mm concrete hollow blods
20mm cement render

Co-funded by the Intelligent Energy Europe
Programme of the European Union

EuroPHit

Ceiling+MVHR (2015)
Investment = 14 k€/dwelling
Total annual cost = + 97 €/a
Price saved energy = 8 c€/kWh

B Walls+Eave (2018)
Investment = 16 k€/dwelling
Total annual cost = - 247 €/a
Price saved energy = 6 c€/kWh
W..e = 0.05 W/mK

www.europhit.eu




Perimeter insulation EuroPHit

Average heat flow through slab [W/m?]
160x600 mm vertical perimeter insulation xps before

after
Small houses B'=5m
Still 15°C below slab at end of winter . » -

Heating demand reduced by 1 kWh/(m2.a) z_ﬁ ”l“- L N PR /\
Depth more relevant than width

i

Heat flux density (Vi)
=
|

==t
—_—— B
Heat flux density [W/m?)
|
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|
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— -6 -6
1370242017 ", e
05:00:00 , s
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Time Time
Temperature ['C]
| BULEEEEA]
| EEREETEN o
B 57 a0 Temperature below slab [°C]
| ELESTEN
4= w07
074s 5429 before after
294=1<50 i ; 19
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B 200 =
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Time
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Perimeter insulation

Is it worth?

Heating demand reduction = - 1 kWh/(mZ2.a)
Needed here to reach EnerPHit

Investment ~ 40 €/m2TFA

Negative Net Present Value, but...
Cheaper than insulate slabs from the inside!

Wufi 2d

Co-funded by the Intelligent Energy Europe WWW_ e u ro p h |t_ e u
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Total annual cost

Here EnerPHit can be reached without additional total cost
White certificates : - 3% to -10% investment in opague components
Assessment on 20 years + Residual values on extra 10 years

EuroPHit

Global annual cost for heat and anciliary, investment reduced by white certificates

4000 -

3500 -

3000 -

€ [ (dwelling.a)
g g g

:

U
3

B OPEX heating + DHW B CAPEX heating + DHW

o
'

Min Efficiency 2014-2020 i EnerPHit 2016 EnerPHit 2017 EnerPHit 2019 EnerPHit 2020
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Couple interventions when ripe EuroPHit

Windows+Walls vs Walls before Windows

Windows+Walls:

Take out window+shutter
= 190 €/window

Lost residual value

~ 100 €/window

|leave space for

Install new window+shutter future shutterbox,

intermg.l:liate render %‘:;
= 1250 €/window Singy

Walls before Windows:
Invest = 300 €/window

intermediate =ill pan

{polyester)+ rigid insulation,
future window on outer face
of wall

Co-funded by the Intelligent Energy Europe WWW. e u ro p h It . e u
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Interior insulation of massive walls EuroPHit

Necessary to create a ventilated air cavity between insu lation and wall?
*  PU 40mm+intello+Mineral wool 180mm

. . . Relative Humidity
* Ventilated air cavity 27mm?

Rt Y T =
2 BN ] I | ~1 %
e i ] LN
I Sl LW
015.100.2014 24.022015 2007.2015 13122015 08.052016 01.10.2016
Time
|—Wa|l (stone&brick) - face to external render
Relative Humidity
100
90
50
01.10.2014 24022015 20.07.2015 13122015 08.05.2016 01102016
Time
W|thout’ Spare On Space and |abour Cost |—Wal| (stane&hbrick) - face to internal plaster
* Careful airtightness Relative Humidity
. . . . . 100
* Sensible to diffusive and capillary propertiesofwall |__ 2 —
70 R T |
60
015.100.2014 24.02.2015 2007.2015 13122015 08.0520168 01.10.2018

Time

— Mineral woaol - face to wall

UUDCIVCI rriyjocul ocil, viaisciic, rm
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Innovative window installation EuroPHit

Prefabricated window installation with

aerogel and cork

* Thought for interior insulation of listed

buildings, step-by-step possible

* 745 €/m2 (excl. VAT) installed
LIJinstaIIed,Iateralzo-06 W/(m-K)
Lpinstalled,bottomzo-og’ W/(m-K)

Tillieux Menuiseries, Reawin A+ Tip Tep

ke

chorpente

Co-funded by the Intelligent Energy Europe i
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Cascade ventilation EuroPHit

*  Supply air in bedrooms (20 m3/h each), living room (60 m3/h)

* Transfer vent from living room to kitchen

* Cellar: 10 m3/h supply air to minimize duct length

* Extract (existing) in kitchen, bathroom and WC, total 120 m3/h / 0,5 h-1

Reuse existing extract ducts
* Total investment: 8.6 k€/dwelling

Expanded cascade ventilation?
* Can we delete the air inlet in the living room?
* Can we blow fresh air from the corridor?

Co-funded by the Intelligent Energy Europe WWW e u ro p h It e u ‘U;‘
) ) PASSIVE g
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Cascade ventilation EuroPHit

Expanded cascade ventilation
* Air quality would be too low here if no supply air in living room
* Works better if bedrooms have direct link to living room

L Y o
- ®  Cascade Ventilation
g B Expanded Cascade Ventilation
=
2
° schlecht
S
>
T
> o
=
= -
< malig
. ad
Living Room
gut
@
(B

Air quality (CO2)

Tool: Univeristat Innsbruck

’ . \ | MAISON
Co-funded by the Intelligent Energy Europe WWW. e u ro p h |t . e u !
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Air/Water Heat Pump on extract air EuroPHit

A suitable solution for EnerPHit ? - Groupe extérieur
* Qutdoor unit 20 kW, Hydraulic modules with 150 L storage in cellars
* Qutdoor air pre-heating via air/water heat exchanger
and variable flow from damper and small fan CO2-regulated
* Heating demand 20 kWh/(mz.a)
* Primary energy demand 115 kWh/(mz.a)

Ballon ECS

1A
Co-funded by the Intelligent Energy Europe WWW e u ro p h |t e u !7\
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Conclusion EuroPHit

Overall Refurbishment Plan
* Upgrade existing plan with EnerPHit quality is possible: budget shifts towards envelope
* |dentify intermediate states

Prove cost-efficiency
* PHPP9 Variants and Comparison Worksheets
* Capital cost up to 90% of total cost for EnerPHit

Reduce costs

* Reproductible solutions

* (Cascade ventilation

* New products which make EnerPHit easier

* Financial support for design, quality insurance and product development

Co-funded by the Intelligent Energy Europe WWW. e u ro p h |t. e u
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EuroPHit

Thank you
for your attention

www.europhit.eu

The sole responsibility for the content of this presentation lies
with the authors. It does not necessarily reflect the opinion of the
European Union. Neither the EACI nor the European
Commission are responsible for any use that may be made of
the information contained therein.
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