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Method - Overview

Cost-effective passive house renovation of Swedish single-family houses
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Software




Case study



Reference house 1

Year built: 1965
Heated floor area: 230 m?

Ventilation: Passive stack

Lightweight concrete walls,
concrete slab foundation

CEEDQUM
4

BEDROOM

<

BEDROOM

LIVING ROOM

BEDRDOM

[

GARAGE

:
N
N

BATH

WC

1T
10

1T

N
AITCHEN

LAUNDRY STORAGE
Ny

Eim\“{ OIL TANK

00 B

BOILER ~

RODM -

LIVING ROOM 5 LJEIE\J

= | =k

NOT
EXCAVATED

[ —

E M BN BSY 2 b




Reference house 2
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Energy use & requirements

— Ground source heat pump

Reference house 2

Non-electric heating Electric heating
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Passive house
renovation

TR
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Renovation measures
* Foundation
 External walls

e Windows & doors
* Roof

IOV AN A

SN AN

-
[
b
<

JPROAAR . RO
1 'n‘-‘M'MV.WMA'.‘JM'N_ W

%

La® as . ®Ot e, P XA S PYOSrYE TIPRD
UUUIIUOIuoUTIUUUTUUITIA ¢ - {
N

et
N i
%"'llllll b
>

&




Passive house renovation

Existing Renovation measure
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20 mm external plaster
120 mm mineral wool
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A0.033 W/mK
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250 mm lightweight
concrete blocks
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Renovation measure - Installations

Ventilation systems Heat generation and distribution
* Balanced, with heat recovery * Direct electric heating
* Exhaust air heat pump * Electric heating

* Heat pumps
 Ground source
e Exhaust air

* Pellet
* District heating



Local renewable energy production systems

Solar domestic hot water (SDHW) Photovoltaic (PV)
* 50 % of annual DHW » P3. Cost-effective installations
e Optimize tilt & orientation

* P4. Total annual demand
 NZEB

* P3. Energy storage
e Batteries



Cost-effective evaluation

LCCtotal = Cinvestment + Coperation + Cmaintenance

Software: BELOK Totaltool 2

Input data
Marginal costs
Real interest rate 2%
Service life
* Installations 20 years
e Building envelope 40 years

Energy prices
* Annual average price
* Price increase over inflation 0%



Renovation packages

Renovation levels Results

1. Minimum level (Min.) * Annual energy cost
2. Building regulation level (BR) * Investment cost

3. Passive House level (PH) e Life-cycle cost

* Net-present value
* Internal rate of return



Energy prices — Annual average
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Annual energy cost

Reference house 1 Reference house 2
(€ per year) (€ per year)

Renovation level 3. PH 3. PH

Direct electric 1630 1310
S heating
T HSSHP 570 480
o £
& EAHP 700 730
2%
3 Pellet-fired boiler 830 670
T

District heating 1080 880




Results — Net present value & annual operational costs

Reference house 1-230 m? Reference house 2-142 m? Units

Renovation level Minimum BR PH Minimum BR PH
Direct Investment cost - 48 300 - 24 000 39700 €
electric Net Present Value - 61 300 - -11600 -27500 €
heating |nternal rate of return 7.6 - 4.5 50 %
Investment cost 59 800 15 400 37 500 51300 €
% GSHP  Net Present Value - 74 000 -47000 -37300 -31100 €
2 Internal rate of return 7.3 14.2 5.8 43 %
g Investment cost 53100 9900 33900 43 800 €
g EAHP Net Present Value - 82 900 -46 500 -48500 -45000 €
% Internal rate of return 8.6 20.8 7.6 6.1 %
20 pellet- Investment cost 48 300 - 34 300 39700 €
§ fired Net Present Value -2 800 - 18 900 6100 €
boiler  Internal rate of return 2.0 - -1.6 03 %
o Investment cost 48 300 - 24 000 39700 €
DISLrICt ot present Value - 21 400 i 1300 -4600 €

heating

Internal rate of return 4.0 - 1.7 20 9




Renewable energy - Results

Reference house 1

Reference house 2

Investment NPV IRR Investment NPV IRR
Heat generation cost (€) (€) (%) cost (€) (€) (%)
Direct electric heating 5500 1670 33 5500 - 820 0.5
S
E Pellet-fired boiler 5500 -3050 -2.6 5500 -4 200 -4.8
(7s]
District heating 5500 -1540 -04 5500 -3130 -2.8
Without batteries 11 400 3390 5.2 11 900 4 000 5.6
Non-electric
14 kWh battery 14 500 1810 3.2 15 000 2570 3.7
Without batteries 19 900 3230 3.8 17 000 3 350 4.2
>
a GSHP
14 kWh battery 23 000 110 2.0 20 100 270 2.1
Without batteries 19 900 3710 4.0 27 400 5930 4.4
Electric heating
14 kWh battery 23 000 700 2.3 30 400 2910 3.0




Conclusions

* Energy use reduced cost-effective
* Energy demand by 65%
* Bought energy by up to 90%

* Depend on type of heat generation

* Investment cost increased by 100 000 to 150 000 SEK
(PH to BR renovation)
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