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Passive House principles and components —

3 ) EuroPHit
‘,,,),, Sustainable Energy Becomes Affordable
Institut
Fresh air Exhaust air V: ventilation
_’ o with heat
| . recovery
I: Insulation 6000 €
4300 € ’ |
Extract [ : - ;
: &) . N
alr Suppy
| I air
|
M lll: Passive
= .\.' SRR Tl s Y e House WindOWS
; | 2500 €
.. f——
Il no thermal Reduce by exha}ust_vent. construction
bridges 0 € and heat distribution 500 €

-3300 €
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f,) Economy of Energy Efficiency | EuroPHit

Institut

Payback vs. Efficiency Life Cycle Costs

pay iie: Investment cost

yearly savings of energy costs

- Long Life cycle Typical: 30— 50 years

High quality investment with long life time

Dynamical Methods Costs of capital, changing prices

Return after end of payback period

Sustainable investment?

Consequence - Life cycle costs

EuroPHit Economy and Financing Autor: PHI | WE



J Economy | Life cycle costs EuroPHit

Institut

Costs

- Expenditures are made to create value or benefits (e.g. comfortable
houses)

- Follow-up costs for operating: maintenance, energy
End of use (?) — not planned, far in the future, costs or earnings?

Life cycle costs

- total costs over life time
- cost arise at different times : cannot be added (= dynamical methods)

Investment theory

- The benefits can become tradable commodities, with both a market
and a price

- Investments are made to achieve revenues with the comodities sold
on the market. The goal of the investor is to generate profits

EuroPHit Economy and Financing Autor: PHI | WE



«J Economy: Life cycle costs. Present (Cash) value EuroPHit

Institut

How to calculate life cycle costs

- Costs of investment

- Costs of maintenance

- Costs of energy

Cost of capital: interests (p = interest rate)

Principle of compounding:
Account now B
after n years B*(1+p)" (final value)

Principle of discounting:

Costs later A after n years
- Cash value C=A/(1+p)"

(= amount you need now to pay later using
credit and interests)

Discount factor: 1/(1+p)"
B8 EuroPHit Economy and Financing Autor: PHI | WE




‘o,) Economy | Present value EuroPHit
Passivhaus

Institut

Principle: Future income / costs are 40

discounted and added 35 |

Example: 21
Energy costs E;inyeari,i=1,..n

Present value = 3." E./(1+p)', L I I I H

Present value = Sum of discounted 0 4
reven Ues Ble (years)
50 - Cash value of
° ° ° regular ——0%
Market capitalisation 2
30 1 3%
Cash value factor a%
I - 6%
1_ (1+p)-n 10 348}6— * 4 ¢ * _.._10%
B(p,n) = i e e s s e M
p calculation period
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P Economy | Net present value EuroPHit

Institut

4,0

Total cost balance

3,0

2,5 1

2,0 1

Net present value (NPV)

1,0 1 - - -

= sum of all discounted
incomes and costs L2 s 4 s

Ble (ye

= profit (as present value) Cash vakie of

revenues

—— 0%

40 1 _._2%

30 3%

4%

NPV 2 0: investment is profitable

20
= 6%

NPV < 0: loss! e

interest rate

0 10 20 30 40 50 60
calculation period
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f,) Investment theory | Basic principles EuroPHit
Passivhaus

Institut

Economical assessment: always in Alternatives

= Aninvestment should be at least as attractive as its alternatives that are
available on the capital market

= Dynamical methods regard price for capital
— interest on debt
— or equity (opportunity costs, required rate of return)
= Costs and revenues (payments) become comparable with present values

= |nvestments are profitable - positive /nonnegative net present value (= profit)

= As long as capital (incl. debt) is available, it is economically rational to make ALL
investments up to a net present value =0

EuroPHit Economy and Financing Autor: PHI | WE



P Economy [ Life cycle costs FuroPHit

Institut

Economical assessment: always in Alternatives

Investment Costs  Only the d

Maintenance costs ceteris paribus
Energy Costs significantly changed
Life time and calculation period? +/- 50 a

EuroPHit Economy and Financing Autor: PHI | WE



fl) Annuity method: annual costs and revenues EuroPHit
Passivhaus

Institut

i P
Annuity Annuity factor a(p,n) =
- (1+D) "
constant yearly rates of an 1- (1+p)
Investment
or 149 - Annuity factors

of a present value

Calculation
period n

0%

0,0% 2,5% 5,0% 7,5% 10,0% 12,5%

Discount rate p

EuroPHit Economy and Financing Autor: PHI | WE



._llu
L
(@)
—
=
O
O
=]
o




2. When you do it, do it right!

instit Period of consideration: 20 years, interest rate: 3 %, EndEnergy_heating: 0.07 €/kWh, EndEnergy_electricity: 0.22 €/kWh

500
450 M Present Value of Space Heating Energy Costs [€/m?] (20 yrs)
Present Value of maintainance & aux. electricity Costs [€/m?] (20 yrs)
400 % Present Value of Investment Costs (—residual —anyway costs) [€/m?] (20 yrs)
350
300 ~

150 - //K
100 - //K
_

50 - //
0 - L]

construction + heating energy costs [€/m® TFA]

typical project 1 project 2 project 2 low-e-
‘old (pilot) (lessons cost building
building' learned) optimized
(EnerPHit)

EuroPHit Economy and Financing

@& Passivhaus [nstitut



)  Economy: Life cycle costs EuroPHit

€/(m?2a)
o Capital costs for the additional investment
6 _
4 -
m Additional

Investment =
2 - added value
0 Eﬁergy price:_?__.d C‘t,fjk‘-.-"'u’h__.

NOI'mal New house Passive House increase 1,0% p.a. (real)

Costs over 40 years, Interest
rate (real) 2,46% p.a.

EuroPHit

Economy and Financing Autor: PHI | WE



)  Economy: Life cycle costs EuroPHit

€/(m?
(m°a) Added value instead of consumption

8_

v
6 - »
(®)
L; © ® Energy costs =
D E consumption
4 - e W
W o
8 Tp]
> m Additional
2 - N Investment =
added value

Energy price: 8,4 ct/kWh,
increase 1,0% p.a. (real)

Normal New house Passive House

Costs over 40 years, Interest

rate (real) 2,46% p.a.

EuroPHit Economy and Financing Autor: PHI | WE




lo,)b Economy | Boundary conditions EuroPHit

Institut

Capital costs: additional investment for efficiency
Interest rate

- Investment in efficiency is a risk-free investment
- low ,,risk adjusted” interest rate
- results in high return of investment

- real interest rate P, = (1 + ppom) / (1 +i1g) -1 = max 2,5 % p.a.

Energy costs: rising; average over calculation period
performance standard?

Calculation period n : Life cycle! 40,50 ore more years
- When calculated over a shorter period shorter:
Regard residual values of investment!

EuroPHit Economy and Financing Autor: PHI | WE



‘o,) Anyhow costs: Insulation of a demo project in Nuremberg EuroPHit
Passivhaus

Institut

2
Lh ©

L

NN regardless of renovation level
=« scaffolding

* removal of old plaster

« addition of new plaster

e insulati ne
e hi ne ved!

Bugkbard Setlze D Measures needed anyhow,

Keep the old plaster
Don't “save” money with thin insulation

Take the opportunities for
efficiency technology: realise the
additional benefits wherever

possible.

A= 0

Architect/Photo: Burkhard Schulze Darup
Owner: WBG Nurnberg. Source: AKKP 24 . . .
When you do-it, do it right!

EuroPHit Economy and Financing Autor: PHI | WE




J What counts: Additional Investment EuroPHit

Institut

Costs of Refurbisment: Total Cost vs. Additional Cost

& Total Cost of Renovation
u Energy Relevant Components

« Additional Cost for Energy Efficiency

800 -

| |

€/m? Useful Space

400

Additional
Investment
for Passive
House

EuroPHit Economy and Financing Autor: PHI | WE




{’,) Calculation Period and Residual Values FuroPHit

Instifut

ow long will insulation last? At least 40-50 Years!

But: You do not obtain credits with such a long period. Typical periods: 20 a.

Calculation period n and lifecycle N can be different
Different life cycles for partial investments (components) — STEP by STEP
Residual value is an ,Income” at the end of the calulation period n
Capital cost = depreciation during calcualtion period
= Investment - residual value

Resi-
dual
> 207 sesidualNalue Value

] Capital
. 1 costs
001 | | ‘ ‘ ‘ for
0 1 2 3 0 1 2 3 J:hr 5 an yr
R = 1 - CashValueFactor /CashValueFactor, e

EuroPHit Economy and Financing Autor: PHI | WE




fl) Paramter: Discount rate EuroPHit
Passivhaus

Institut

% Interest rates (fixd 5-10 yrs) for mortgage in Germany
6,0

. ..inactual prices ...

e

5,0

<
:

4,0

3,0

2,0 "

1,0

Real interest rates

© Passivhaus Institut

0,0 TELLEE T ey Gre—e—rre—e TTTTTTTTT T T T I T ITTTT]

2003-01 2004-01 2005-01 2006-01 2007-01 2008-01 2009-01 2010-01 2011-01 2012-01 2013-01 2014-01

Pnom ~ | _ B _
Prea = — (p interest rate, i inflation)
1+1
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f,) Parameter: required rate of return EuroPHit
Passivhaus

Institut

® Required rate of returnis Ble

the discount rate

® Revenues count only with
their cash values

® High required rates of
return

— Lead to high capital
costs (annuity =
amortisation +
interest)

— depreciate revenues

— makes investment
less profitable

50 %
A
&
)

40

30

20

10

0

Cash value of periodic revenues

Calculation
period (yrs.)

== 5 0

EuroPHit

4% 6% 8% 10%

Interest (discount) rate

Economy and Financing Autor: PHI | WE



«J)  Parameter: Risk and required rate of return EuroPHit

Institut

Rate of Return}(p)

Investment in the

Risk free rat
of return

Risk improvem_ent of
premium = energy efficiency
- = Is notventure

________________________ = capital!

(Systematic) Risk B

EuroPHit Economy and Financing Autor: PHI | WE



f,) Influence of parameters on economical result (NPV) EuroPHit
Passivhaus

Institut

T€
16 Revenue: Saved energy costs
14 : L - .
invevgtrr?:;%tti??tgead wrong. LOSS
. / residual value
12 - of additional F
. orgotten
Profit
10
wrong: risky
8 Investmaht: interest rate
. e (7,5%p.a.)
coss count )
4 «O=Capital cost
o
2 -B-Energy cost saved
T passivhaus
Institut
0
Additional investment, Total investment, Total investment Required rate of return
residual value deductedresidual value deducted 7,5% p-y.

EuroPHit Economy and Financing

Autor: PHI | WE



f,) Capital Cost: The point in time — and step by step  FuroPHit

Institut
e At the end of lifetime, energetic
measures can easily be linked,
which makes the measures
economically attractive (principle
of coupling): Only additional
investment counts.

e When lifecycle is not yet over, the
residual values of anyhow costs
have to be added to the
investment.

e Step by step: renovation
according to the lifecycle: No
residual values of anyhow costs.

e For each step: ,when you do it,
do it right“ —and plan the next
measures.

350 - : :
Capital Cost (€/m?):

300 -
250 -

200 -

Discount rate

150 -

2% —o—4%

1%
100 -

——6% —8%

——10%

: Life cyclef: 30 years
0 S 10 15 20
bringing forward ... years

The economical effect of bringing forward the renewal of
windows (2013) with Passive House windows: Additional
capital cost

EuroPHit

Economy and Financing

Autor: PHI | WE



fl) Boundary conditions: Energy costs savings EuroPHit

Institut

Forecast of the IEA

_ —{—$ money of the day .

17 —o—$2012 Energy Price for203
Exponentiell ($ 2012)

Exponentiell ($ money of the day)

100 f T
S ', _ 0,027x
% 0e In real pric i Y =Yo€
S s
5 .
)
A yoe0,069x

1950 1970 1990 2010 2030

AKKP 42
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J Reliable performance: Quality is key

300
Building stock

E-elgler5|edlung

Passive House :r)

250 |

Settlements
Stuttaart

w l* ’ Wiesbad_en
200 | = S e

H\HHHHHHHHH
1 53 kWhi{m? '-} .ﬁﬂl””“MHH
150 T S =

ctable Performance - alc”o

100 Predi

Energy demand for heating kWh/(m?a)’

| results
I |
50 | e Lasured e;:f;d i e
il

0 ‘ “””””“I .mn|||||||||||||nmnnn||||||||||n T
. . Building stock LEH 41 h. Passive House Settlements 106 hous

pusElliving Belgiersiedlung Niedern- Wies- Hannover Stuttgart
PRRLE Kassel. 98 flats hausen baden Kronsberg Feuerbach

Passive House: Quality for a sustainable economy

es




J Well Defined Standard and Quality Assurance EuroPHit

Institut

® Quality assurance of design and during construction

E Design v

To o I S Passive House

® Quality assurance for materials and

components
= |dentification of relevant parameters o
= Measurement and calculation l1)
procedures R

Passivhaus Institut

= Documentation and integration in whole

building performance calculation Comp. and
systems:
reliable
[ [ [ f
® Capacity building: performance
H M [ [ ) O
= Training and Certification of "D)ES’GNER
= Designers / Consultants / Craftsmen f’)

EuroPHit Economy and Financing Autor: PHI | WE



‘ Cost optimal

d SSi pEd ia construction |

clickable map

passipedia

P a rt 1 - G e n e ral | Component guidelines for cost-optimal Passive Houses and EnerPHit retrofits - passipedia.org - Mazilla Firefox

atei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

I nfo rm atl O n to th e | Intemational Passive House Associati |.Compnnantguldalmasfﬂrms{ opti... xl b h’-—x‘-‘ L . e T E L e
pu bl iC w.passipedia.org/ passipedia ng/cemponent guidelines for cost-optimal_passive_houses end_enerphit_retrofits @ || B~ Googie Pl ¥+ #®

Component guidelines for cost-optimal Passive Houses and EnerPHit retrofits x

: ! " Climate . e e . Example
P E l rt ey Regions Building envelope Building services bildigs
[ ]

Exterior
wall

Information
and tools
for

members

Domestic hot
water system

Ventilation
concept

Heating
installation

Cooling

Renewables
strategy

Glazing Shading

=== Stahlungstemperatur

630 640 650

Zait [h]

680

 J

http://www.passipedia.org/passipedia_en/planning/component_guidelines_for_cost-optimal_passive_houses_and_enerphit_retrofits



cool, temperate climate

) % | Predictable Design needs reliable Products EuroPHit

CERTIFIED

COMPONENT

Passive House Institute

Product Certification
® Values for design

® integrated in PHPP = directly
availabe for energy balance -
worldwide

® + component database

¢

Make it Simple, Efficient , Cost effective

EuroPHit Economy and Financing Autor: PHI | WE



J Life cycle costs: optimization EuroPHit

Institut
dlcml o 5 10 15 20 25 30 35 40 45 50 55 60
thickness of insulation

400 4 Total costs for plastering without insulation A=0,035 W/m/K
£ 360 | External thermal
.‘E 320 o insulation/
= Y€ mineral wool
& 280 costs
Ll
=
€240 -
i 200 - economically optimal
a range 13 ... 32 cm
(W] == O - I = i =l
:§ 160 -
+§ 120 4 o P -=-Total Cost
o U=0,21 U=0.15 U=0,1
T g0 1 W/(m?K) Wi(mK) Wi(m?K) -=|nvestment Cost
(=]
l—

—-Energy Cost

40
© Passive House Institute
0 I I I 1 | | | I I I I
14 05 03 0,2 0,15 0,12 0,1 0,08 0,07 0,06
Real interest rate 2,5% p.a., Av. future fuel price 9,2 ct/kWh, Life cycle 40 yrs U-value [W/(mzK)]
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J Life cycle costs: optimization EuroPHit

Institut

d [eml 0 5 10 15 20 25 30 35 40 45 50 55
thickness of additional insulation = —
400 + A=0,035 W/m/K
£ <) External thermal
= 320 1+ — insulation /
> .
o Addition mineral wool
@ 280 4+ al costs
Ll
e
= 240 +
s economically optimal
'g. 200 THg range 8 ... 28 cm
o . SAHNREEEIRF
S 160 1 ] E——— e i il 1 ¥
2 120 - L preeee® ¥ Total anyhow costs Total Cost
S e | =
= 30 - U=0,21 U=0,15 || wimeK) —=Investment Cost
° W/(m2K) W/(m?K)
. 1 ——-Energy Cost
© Pass{ve Housle Instfta{te ‘ ‘ | ‘ ‘ ‘ ‘
14 05 03 0,2 0,15 0,12 0,1 0,08 0,07 0,06
Real interest rate 2,5% p.a., Av. future fuel price 9,2 ct/kWh, Life cycle 40 yrs U-value [W/(mzK)]
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‘o,) Parameter: Influence of starting point EuroPHit

Institut

T€
25

® The existing energetic
quality limits the cost saving 9q ) R
potential and, therefore, the - «O-Net present value
revenues of the investment 15 ¢ (C

-=-Revenues

l T
® Medium quality is a barrier 10 o . e

fco economically attractive y —— :

investments 5

®
® Therefore: sustainable
uality instead of 0 y . .
9 Y Insulatid ss (cm, before refurbishment; equivalent)
substandards
50 ,
,When you do it, do it right”

U=0,6 W/(m3K)

EuroPHit Economy and Financing Autor: PHI | WE




3,) Lock-in effects through moderate quality EuroPHit

Institut

dfeml 5 10 15 20 25 30 35 40 45 50 55 60

3 variants:

L WIthOUt energy effelCienCy 400 | Total costs for plastering without insulation t)\igfofsiwmlk 1
® deep renovation F60 -

® medium quality

External thermal
insulation /
mineral wool

280 o

2000

240

-=Total Cost

Energy Efficiency Investments
Life cycle costs (incl. anyhow inve

120 1
—~=Investment Cost

——~Energy Cost

1500

0,08 007 006

14 3 <0z P15 o012 o1
n U-value [W/{m?K)]

uture fufilbrice 9,2 ct/kWh, Life cycle 40 yrs

1000

500
2 quality steps =—allatonce =——nons 0

0 =500
1 4 7101316182225283134374043 4649
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J Lock In Effects EuroPHit

Institut

Variant ,Medium quality”“: Next cycle causes higher costs

Energy Efficiency Investments

1200
Life cycle costs (incl. anyhow investment)
Next energetic
800 / renovation
Costs of the
400 renovated variant
T e ol r
———— ——— \ Energ.}"
0
1 4 7 10 1316 19 22 25 28 31 34 37 40 43 46 49

EuroPHit Economy and Financing Autor: PHI | WE




fﬁ) _ Economy of Energy Efficiency: Summary

Institut

® (apital Cost

EuroPHit

= Attributed Costs — not full costs. Most profitable when anyhow measure is Residual

values
= High quality design: Avoid additional costs
Life cycle

= Only life cycle costs

= When calculation period is different, residual values must be regarded
Discount rate/required rate of return

= High required rates of return = high capital costs (annuities)

= —> depreciate revenues

= Alternative investments are riskless investments — low interest rates on capital
market

Energy costs

= Energy price uncertain —don‘t calulate with exponentially growing prices

= Reliable energy performance (= energy savings)

= Avoid performance gaps by quality assured design and construction
Planning for the future

= Regard long life cycles

= Sustainable standard ist the goal

= Avoid, Lost opportunities”, suboptimal standards, lock-in effects:

= Whenyoudoit, do it right!




f,) EuroPHit
Passivhaus

Institut

FINANCING and FUNDING

EuroPHit Economy and Financing Autor: PHI | WE




)  Economy: Life cycle costs EuroPHit

€/(m?
(m°a) Added value instead of consumption

8_

v
6 - »
(®)
L; © ® Energy costs =
D E consumption
4 - e W
W o
8 Tp]
> m Additional
2 - N Investment =
added value

Energy price: 8,4 ct/kWh,
increase 1,0% p.a. (real)

Normal New house Passive House

Costs over 40 years, Interest

rate (real) 2,46% p.a.

EuroPHit Economy and Financing Autor: PHI | WE




J
Passivhaus

Institut

Financing | Total annual costs compared  EuroPHit

Annual costs of Credit + Energy

6000

5000

€/a —=—Standard House BANK
Credit Total cost

Q O Passive House without

'0'0'0'@ = QQ
QOQQQQU\)OOUQQ funding

)
8 v

4000 -+
—-0—Capital Cost Passive
House
3000 OHHHHHH - THEHE-EHEHE-EHE-EHEHE-EHEHE-EHE-EHEHEHE - Capital Cost Standard
. g H
Comparison of for 1rd new i
2000 building and a Pas B I'i d e Jyears.
Financial burden j g >nergy.
1000 the
ap!
0 53‘7'""” T T g p T |
Year 10 20 30

EuroPHit Economy and Financing Autor: PHI | WE



3,) Financing through low-interest loans EuroPHit

Institui

Annual costs of Credit + Energy

6000
€/a
—=—Standard House BANK
Credit Total cost
0L —@-Passive House KfwW
e QQQQQQQQQOQQQQQQQ Low interest loan
4000 llrgg | O Passive House without
funding
3000 -+
Comparison of costs for a standard
2000 new building and a Passive House over
30 years. The Passive House is
subsidised by reduced rates of interest.
1000 Financial burden for debt service and
energy.
0 %ﬂl’f?&ﬂS I I I I
Year 10 20 30

Assumptions: subsidies by KfW-loan (50 000 Euro); interest rate (mortgage) 4% p.a. = calculatory interest rate (expected rate of return); interest rates
funding bank (analog KfW) (nominal) 2,50% p.a., for 10 years fixed; Fuel price: 8.4 ct/kWh, electricity:25 ct/kWh, rise in energy prices 1% p.a. (real).

EuroPHit Economy and Financing Autor: PHI | WE



0, Investment costs: Learning curve EuroPHit
Passivhaus

specific additional Investment (€/m?) of Passive-Rowhouses

400
: L
350 / Why incentives:
O“
300 - new solutions are more expensive in the beginning
\,- industry has to change production lines
250 - planners need training and experience
200
1560 -
- Energy costs do not reflect full costs, additional external
100 - costs can be avoided
i - incentives for economy for the production of useful goods
reduce social costs
0 ——
o N
» »
SR

EuroPHit Economy and Financing Autor: PHI | WE




{;) Added Value: Macroeconomic perspective.
Passivhaus

Investor 29

State
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i’,), Funding energy effciency | Financial effects EuroPHit

Institut

Local result of

8
funding EE in €pe|r€of funding
bUiIdingS M Value added tax
6 -
Every Euro of incentive & M Income tax and
- generates a total W social charges
investment of 16 €, 4 -

Business tax

- while the additional
investment for
additional efficiency
is only 2 € (but double the
value of the incentive)

- creates added valueof 7€ 0 -

- generates a local labour
equivalent to 3 €.

M Profits after taxes

M Net income of
employees

National Local

EuroPHit Economy and Financing Autor: PHI | WE



f’)_ Funding energy effciency | Financial effects EuroPHit

Institut

Financial aids should focus on: 8

€ per € of funding
M Value added tax

® improving liguidity and reducing the financial burden.
This can be achieved through direct financial support,
but also special credit lines with low interest rates
(especially in the first years)

M Income tax and
social charges

h€’€F o

M Business tax

MW Profits after taxes

® supporting collaterals to facilitate access to attractive
bank credits

M Net income of
employees

® - binding financial support to quality assured design to National  Local
realize the expected performance and guarantee
damage-free construction and long lifetime measures

® avoiding medium quality that hinders the necessary
reduction and causes "lock in" effects. Instead,

® achieving very high energy efficiency and superior
guality, because the next renovation will only happen
after many years.

EuroPHit Economy and Financing Autor: PHI | WE



