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= = 27 000 buildings, = 34 miljon m?
= /1% of population lives in apartments =
= Built mainly during: 1950-90 |
m Loadbearing structures:

= brick: 37%,

= concrete: 36%,

= lightweight concrete: 12%,
= wood: 8%
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= Building envelope structures
= High energy loss: U =~ 0.7—-1.0 W/(m?K)
= A lot serious thermal bridges
= Degradation of facades (corrosion, frost resistance)

m Service systems
= Natural ventilation: inadequate airflow, draft
= Heating systems: no thermostats, unbalance
= District heating: high heat loss

m [he designed service life Iis over.
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Deep energy renovation with
prefabricated wooden elements: a pilot



Situation before renovation

= Built 1986
m 5 storey, 80 apartments
m Concrete large panel building (series 121)

= Primary energy use
before renovation ~300 kWh/(m?4a)

= Mould on thermal bridges
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= Typical renovation

Scenarios

Status gou, no changes
Concentrating only on indoor climate

Deep energy renovation with
orefab.wooden elements

Demolish current and to build
a new building

Typical \‘ nZEB
renovation ejenovation?®
*ernast’

 J
+« Demolish
and new
building




Deep energy renovation to nZEB

Pilot building: TUT dormitory

m Nearly Zero Energy Building
= Energy need:

= energy need for heating
and ventilation: 18 kWh/(m? &) 8. |

= domestic hot water: 30 kWh/(m2 a) [

= appliances, lighting, - |

ventilators, pumps: 30 kWh/((m2a) = .

= Onsite energy production RES: '

m Solar collectors and sewerage heat
recovery for DHW: 8 kWh/(m? a)

m PV panels for electricity: 2 kWh/(m? a)

m Designed primary energy use:
95 kWh/(m? a)




Deep energy renovation to nZEB

= Pilot building: TUT dormitory
= Nearly Zero Energy Building

= Wooden elements for additional
Insulation;

Facade Uouwir)  GAESEERE

i, |

= Windows U 0.85 W/(m?K)
m Roof U 0.10 W/(m?K)

= Effective service systems:

m Mech. supply and exhaust
ventilation with heat recovery

= New two-pipe heating system with /==
radiators and thermostats f
m PV panels, solar collectors

= Sewerage heat recovery




Design and development
prefabricated insulation elements
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m 10 scan stations; 7 reference points
= Average resolution — 8300p/m?
= Duration: 1-2 days
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Facade

m Dimensions of elements ~9.3 x 2.7/m
m 2-3 windows were preinstalled in factory
= [nstallation of elements: ideally 15...20 minutes




TIMBER FRAME HOUSES

Live In Youtube
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Local onsite opening to fix roof modules
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7 %ﬁm Flexible and compressible light mineral wool

Joint between modular elements N
o — compensates the obliquity of original wall

is filled with expansive PUR foam

#

to minimize convection i Airgap between rainscreen and wind barrier
to equalize air pressure, to allow the runoff of
1. 2xSBS roof membrane 8mm penetrated rain and to dry out water vapor
2. Waterproof plywood boards 20mm . Slat in joints of facade boards to prevent rain
3. Ventilated aircap 95mm penetration into the modular element

4. Water vapour permeable roof membrane S20.02m

/ Joint between modular elements is filled with
. expansive PUR foam to minimize convection

5. Timber frame 45x145mm cc.600mm /
mineral wool (A1; A5=0.035 W/(mK)) 145mm

6. Timber frame 45x185mm cc.600mm / Expansive PUR foam to minimize convection
mineral wool (A1; A,=0.035 W/(mK)) 195mm ; between criginal wall and modular element

7. Vapour barrier: PE foil 0.2mm . o

8. OSB-board 12mm @ Joints between onglnal concrete. bales are

9. Supporting timber frame (beams) 150mm , , 2\_ - filled to quarantee air and vapour tightness

10. Supporting timber frame (columns) >400mm A




Design solution: walls

1. Existing concrete panel 250mm
2. Filling mineral wool

(A1; A5=0.035 W/{mK)) 10...50mm
3. Air&vapor retarder gvapor resistance

| al =1.6...27x10° (m“sPa)kg)
e 4. Timber frame 45x195mm cc.600mm /
Teom, o P 37 ff8 min.wool {(A1; 25=0.035 W/(mK)) 195mm
5. Timber frame 45x70mm cc.600mm /
min.wool (A1; A5=0.035 W/(mK)) 70mm
6. Semi-rigid mineral woal slab with special
wind barrier facing (vapor permeability
8,=150x10"12 kg/(msPa); taped joints,
A2-s1,d0; Ap=0.031 W/(mK 30mm
7. Ventilated airgap 25mm
8. Facade board - rainscreen 8mm

Original Modular
wall element

30-35
cm




Design solution: ventilation ducts in wall
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Steel corner
brackets gy &
t=10mm oS Expanding PU foam
hot-tip . =] \ Steel profiles t=0.5mm
galvanized | - i )< surface finish PURAL
et Ventilation ducts in
insulation panel

Steel profiles t=0,5mm
“— surface finish PURAL
— Expanding PU foam
— Sealing
— Steel profiles t=0.5mm
surface finish PURAL




HVAC systems: In general

m Apartment based AHU with VHR T e et

shaft or trough
N external wall

= Pro:
m High efficiency
m Guaranteed performance
m Occupant can adjust the speed
= Contra:
m Ductwork installation in apartments
m Expensive and requires space

Ventilation shaft

supply fan wit h EC motor




HVAC systems: In general

Balanced ventialtion AHU vith VHR

= Apartment based AHU with VHR M* N
m Centralized AHU with VHR —
= Pro: ' ! :);’tra\(\:trrL

J
= High efficiency and guaranteed performance
= Minimal construction works in apartment !

m Most common solution in Estonia

= Contra:

m Difficult to use in buildings higher than
5 floors (too big ducts on the facade)




HVAC systems: In general

Exhaust ventialtion AHU
oh the roof or on the attic

= Apartment based AHU with VHR ;ﬂj—
= Centralized AHU with VHR

m Exhaust AHU with heat pump HR ] | it
= Pro:

= Minimal construction works in apartment
= Main solution in 9-storey buildings

= Contra:
m Electricity of HP

m Parallel heating for district
heating

m Ventilation radiators to be
used for intake air pre-
heating
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HVAC systems: In general

ia:)aer;ce()cir ‘I’.e.r:‘arg‘;’; ARU vith VHR Exhaust air from
In bed- orIving bathroom, WC,

m Apartment based AHU with VHR O G
= Centralized AHU with VHR U
= Exhaust AHU with heat pump HR

m Room based AHU with VHR

= Pro: Easy to install

= Contra:
m \Wet rooms not solved
m Unbalanced, low heat recover
m too high noise, frosting issues
m too small pressure drop (wind ang
m {00 small airflow (many units are neec

m Not accepted to be used for
renovation grant

. Ventilation shaft
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HVAC systems: ventilation

m 15: centralized balanced ventilation with VHR
= Ventilation unit on roof,
= Ducts In insulation elements

m %2 apartment based balanced ventilation with VHR
= AHU In balcony or in coatroom




HVAC systems: space heating

m District heating

= Hydronic radiators
m Room thermostats
m 2-pipe system
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HVAC systems: domestic hot water

m 72 solar collectors
= 50 plate-type collectors, 100m?
= 4x1.5m? storage tanks in basement




HVAC systems: domestic hot water

m Y% solar collectors on roof

m Sewerage heat recovery
m 2 passive units in basement




HVAC systems: renewable electricity

= PV panels on roof
= 45 degree, south direction
= 2 Inverters
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Construction during 2017

m Public procurement: 2 offers (including VAT 20%):
= 3,456 milj. €
= 3,560 milj. €

= [otal cost

m 822€/m? closed net area (all works)
m 372€/m? (interior and general constructions)
m 334€/m? (energy performance and indoor climate)
m 116€/m? (nZEB, research)
= Duration
= Preparing and reinforcement the facade: May
= Installation of wall and roof elements: June - August
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Future targets

m Simpler and cheaper element and facade material (rainscreen)
m Simpler fixation of elements to facade

m Quicker installation, better on site logistics

= Quicker insulation and tightening of joints of elements

= More space between elements (tolerance)

= More automatized design and production

m More development and testing
during design and before installation

= Additional floors
= Moisture safety issues!!!
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Energy performance value, kWh/(m?2a)




