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Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links, Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal etc. terminology assessment data  and components solar thermal etc.

Preface Energy
This “Vademecum” with data and tables serves * In the context of sustainable construction,
as a supplement to the reader with background the unit of measure for energy is most commonly
texts. kilowatt hour (kWh) = 3,6 Megajoule (MJ)
The intent is to convey a basic understanding of * Not to be confused with power: watt (W),
the physical environmental impact of kilowatt (kW) = 1000 W

construction, namely energy consumption and
greenhouse gas emissions.

“ ” . . e
The vademecum Offers o IntrOdUCtlon to the 10 kWh of energy is released when burning approx. 1 m? of natural gas / 11 of oil / 2 kg of wood.

Iife cyCIe assessment Of bUiIdings Gnd Gims to The human body converts around 2 kWh of energy per day.
encourage its application and broadening. ., T photovaltaic with good alignment and good efficiency supples opprox 200 KWh peryear. .
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links, Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal etc. terminology assessment data  and components solar thermal  etc.

Examples of data questions Primary energy

* How do building materials differ in terms of * Primary energy means the energy that is
embodied energy, embodied emissions and available with the naturally occurring forms of
service life? energy or energy carriers.

* How much energy do photovoltaic surfaces on * The non-renewable portion of primary energy is
the roof provide? How much on the facade? ecologically significant.

* How can existing buildings be energetically * Unit of measure: kilowatt hour of oil equivalent
upgraded with minimal use of resources? (kWh oil-eq)

* To what extent can building components serve " Renewable primary energy comes from solar radiation (photovoltaic and solar thermal),
as ca rbon storage? hydroelectric power, wind power, biomass and geothermal energy.

i Fossil fuels (hard coal, lignite, oil, natural gas) and nuclear fuels are non-renewable.




HS 22

Context

Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal  etc.

Greenhouse gas emissions

* Greenhouse gas emissions include all climate-
impacting gases in relation to the effect of
carbon dioxide.

* Unit of measure: kilogram of CO, equivalent
(kg CO,-eq)

The Swiss per capita emissions (incl. imports) is approx. 14 tons per year.
i 14 t of CO, corresponds to a volume of approx. 8,000 m* (cube 20 x 20 x 20 m).
i The global average per capita emissions are 4.8 t.

(Data of 2019. Source: www.globalcarbonatlas.org, accessed 10.03.2022)
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Operational energy / emissions

Consumption of non-renewable primary energy
or greenhouse gas emissions for the operation of
a building: space heating/cooling, hot water,
ventilation, electricity consumption for systems
and devices (including building use)

Embodied energy / emissions

Consumption of non-renewable primary energy or
greenhouse gas emissions for the construction and
disposal of a building or components

Context

Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal  etc.

Example: Energy carriers (siehe S. 26)

Primary energy | Greenhouse
non-renewable | gas emissions

kWh Ol-eq kg CO,-eq
Energy carriers (final energy)

1 kWh natural gas £ approx. 0,1 m? 1.05 0.230

1 kWh oil £ approx. 0,1 liter 1.25 0.324

1 kWh electricity, CH consumer mix 2.08 0.125

1 kWh electricity, photovoltaics * 0.14 0.038
{ In words:

The combustion of 0.1 m3 of natural gas generates 1 kWh of final energy in the heating system.

i Together with upstream processes, transport, etc., the consumption of non-renewable primary energy
: adds up to 1.05 kWh oil eq., and a total of 230 g of greenhouse gases are emitted.

With Swiss grid power, transport and conversion losses lead to a primary energy consumption that is
i about twice as high per kWh of final energy at the wall socket (2.08 kWh oil-eq), but thanks to the
comparatively low fossil share in electricity production, only 125 g CO,-eq are incurred.

i The environmental parameters of PV electricity are determined by the embodied energy and

Context

embodied emissions of the PV system; they are significantly lower than grid electricity.

Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal etc.

Reference values for comparisons

Total/absolute
kWh Ol-eq kg CO,-eq

* per area
kWh Ol-eq/m?

* per year
kWh Ol-eq/a kg CO,-eq/a

per area and year
kWh Ol-eq/(m?xa) kg CO,-eq/(m?xa)

* per person, per housing unit, ...

kg CO,-eq/m?
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Definition

“Life Cycle Assessment (LCA) is a method for
estimating the environmental impact of a
product [or service]. It is based on an approach
that takes into account the whole life cycle.
This records and assesses the environmental
impact of a product from the extraction of

raw materials, the manufacture, and the use
up to the disposal of the product, i.e. from the
cradle to the grave.”

Rolf Frischknecht, Lehrbuch der Okobilanzierung, Berlin 2020, p. 11 (trad. AK)

HS 22
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal etc.
o [ ] [
Further definitions of terms
* «Vademecumy from p. 83
* Reader from p. 316
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal  etc.

Why life cycle assessment?

” s
1

* The efforts of “sustainable building” initially
focused on reducing energy consumption in
operation.

* The lower the operational energy consumption,
the more embodied energy and embodied
emissions come into focus.

It turns out that in contemporary buildings they
exceed those from operation.

* Life cycle assessment attempts a synopsis.

Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal etc.

Example, life cycle assessment:
1 m2 exterior wall in construction variants

Objective: assessment of environmental impacts

* depending on the insulation thickness (here: without /12 cm /22 ¢cm / 33 cm)
* depending on the insulation material (here: exterior wall insulation with EPS or rock wool)

* depending on the heating energy source (here: natural gas or electricity for heat pump)

H Brick 20 cm - 1000 kg/m3, A-value 0.30 W/(mxK
Thermal insulation — 30 kg/m?3 (EPS) or 93 kg/m3 (rock wool), A-value 0.035 W/(mxK)

,\
N3

&\\\\\\\\\\\\\M
|
&\\\\\\\\\\\\\\M
W!

not insulated Insulation 12 cm Insulation 22 cm Insulation 33 cm
U=118 W/mK U=0.23 W/mXK U=0.14 W/mXK U=0.10 W/m2K

11
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kWh oil-eq/(m?xa)

Units and

terminology

Life cycle LCA
assessment data

Photovoltaic,  Tools, links,
solar thermal  etc.

Building materials
and components

LCA example, 1 m? exterior wall

Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology ~ assessment data  and components solar thermal  etc.
kWh oil-eq/(m?xa) LCA example, 1 m? exterior wall
110 - .
Primary energy non-renewable per year for
100 - * Space heating: natural gas
90 ettt et ettt et et et e et a et et e eee ettt e et e e e et e et A et e e s et et eee e e et e ee e ee et et eeeeeeeee et eeeeeseeneenne
The heat loss of the wall per m? and year depends on the U-value.
80 1 Compared to the uninsulated wall, the “first” centimeters of thermal insulation
70 | have the greatest effect.
In this example, 12 cm of insulation reduces heat loss by around 80%.
60 - Insulation thickness on “passive house” level (U < 0.1) yields another 12%.
Heating To provide the corresponding heating energy, non-renewable primary energy is
50 4 /" naturel gas : consumed, the amount of which depending on the system efficiency and energy
i source (calculation see p. 18).
00 4 e AR
30 -
20 -
Heating
10 - " natural gas Heating Heating
/" natural 998 " natural gas
0
not insulated Insulation 12 cm Insulation 22 cm Insulation 33 cm
U=1.18 W/m2K U=0.23 W/m2K U=0.14 W/ mK U=0.10 W/m2K
-10 -
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology ~ assessment data  and components solar thermal  etc.
kWh oil-eq/(mxa) LCA example, 1 m? exterior wall
110 - .
BB ..., Primaryenergy non-renewable per year for
100 w=t o Space heating: natural gas
w0 | * Embodied: M brick ™ thermal insulation
807 Primary energy is also consumed for the production/disposal of the building
70 | materials used. Their non-renewable share is called “embodied energy” (see p. 16
i for calculation).
60 | i The gray energy is divided by the expected service life (“amortized”; load bearing
Heating i structure 60 years, insulation 30 years according to SIA 2032, see p. 17).
50 4 /“nawralga: i This gives annual values that can be compared with the operating energy.
With higher insulation thicknesses, the choice of insulation material in this
40 | i example has a significant impact on the overall balance.
EPS Rock wool
30 - / /
Brick 20 cm, EPS Rock wool EPS
Rock wool
20 | --/ rendered / / s /
Heating --/ rendered ' Brick 20 cm,
10 " natural gas Heating --/rHendtered
/" natural gas /n:tclll:zlggos
0
not insulated Insulation 12 cm Insulation 22 cm Insulation 33 cm
U=118 W/mK U=0.23 W/mK U=0.14 W/mK U=0.10 W/mK
-10 -

110 - .
- Primary energy non-renewable per year for
100 «ded o Space heating:  heat pump
w * Embodied: M brick ™ thermal insulation
801 Changing the heating system to a heat pump with electricity as the energy source
70 | i allows further savings in non-renewable primary energy, depending on the annual
i performance factor (APF) and the type of electricity generation (here: geothermal
60 | i probe heat pump with APF = 4.0 and grid electricity Swiss consumer mix).
reatng i (Uninsulated wall only shown in combination with natural gas heating, heat
50 4 o naralgas pump would be too inefficient here.)
40
30 -
20 1 /EPS/ Rock wool /EPS /Rock wool /EPS Rock wool
Brick 20 cm, /
10 4 --/ rendered Brick 20 cm, Brick 20 cm,
_ Heating rendered rendered
heat pump -‘ Heating -d Heating
0 ” heat pump heat pump
not insulated ” Insulation 12 cm Insulation 22 cm Insulation 33 cm
U=1.18 W/mK U=0.23 W/mK U=0.14 W/mK U=0.10 W/m2K
-10 -
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology  assessment data  and components solar thermal  etc.
(ommm=—m——— ~ .
1 kg CO2-eq/(m?xa)] LCA example, 1 m? exterior wall
24 - . .
B ... Greenhouse gas emissions per year for
rendered .
22 * Space heating: © heat pump
20 | * Embodied: M brick " thermal insulation
18 e
When greenhouse gas emissions are compared in the life cycle assessment, the
16 1 differences become even clearer.
With low operating energy consumption, the embodied emissions dominate in the
14 . .
total balamce. In the present example, no further improvement can be achieved
12 | Heating with the higher insulation thicknesses.
“nawrlges i (\ninsulated wall only shown in combination with natural gas heating, heat
10 A pump would be too inefficient here.)
8 4
6 4
EPS
4 A /EPS Rock wool /EPS Rock wool / Rock wool
/ Brick 20 cm, / Brick 20 cm, Brick 20 cm,
2 --/rendered -/rendered -/rendered
Heatin Heatin Heatin
0 ” - 7heattpgmp - y 7heattp3mp - 7hsutp3mp
not insulated ” Insulation 12 cm Insulation 22 cm Insulation 33 cm
2 U=118 W/mK U=0.23 W/mK U=0.14 W/mK U=0.10 W/mK

13
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|Okobilanzdaten im Baubereich KBOB / ecobau / IPB 2009/1:2022
o e AMATERIALIEN S— -
:
L Hersel Produt
v [ veten | e | ot | P ] e | 1 R PR [—
= | | e el gy - O o, | o [
I [ [
698 742 0 1 0.336 0.
07.013 (0SB Platte, PF-gebunden, Feuchtbereich 261 0.565 0485
S
002 |Heissbitumen 7) 110 0911
Di
002 for Polyethylen (PE) 246
e
FI faser 1.01 0.440

0.44¢
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LCA in the context of
architecture/design
Life cycle considerations, even in the rough
manner shown here, enable users to specify
sustainable building concepts, by means of
* data-based estimates,
* development and evaluation of variants,
* questioning of prejudices.
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal  etc.

Sources of LCA data

Research

Manufacturer information
(Environmental Product Declaration, EPD)

Databases

Switzerland: KBOB (Koordinationskonferenz der Bau-
und Liegenschaftsorgane der offentlichen Bauherren)

Tables “Okobilanzdaten im Baubereich
KBOB / ecobau / IPB 2009/1:2022”

: An excerpt is included in this “Vademecum” p. 66-75
i (Yellow highlighting by chair of Annette Gigon / Mike Guyer)

Photovoltaic,  Tools, links,
solar thermal etc.

Context Units and Life cycle LCA  Building materials
terminology assessment data  and components

Comparisons ...

LCA data in the KBOB tables are mostly based on
the unit kilogram.

Editor’s note: “Significant comparisons are only
possible on the basis of the quantities of
material required for a specific, equivalent use
case. Comparisons based on 1 kg of different
materials are misleading!”

15
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LCA data of selected building materials
14
L] (] L]
application-oriented (p. 28-31, excerpt)
Load-bearing construction,| 1 m?
Avalue Density Typical Weight Primary energy | Greenhouse
Building material / part thickness non-r bl gas emissi
W/(mxK) kg/m? cm kg/m? kWh oileq kg CO,-eq
Reinforced concrete wall 2.20 2360 20 473 169 73
Structural concrete (without reinforcement) * 2300 455 80 46
Reinforcing steel, 90 kg per m? (approx. 1 % Vol.) 7850 18 90 27
Brick (Swissmodul) 0.30 1000 20 200 158 53
Insulation brick (Porotherm T7) 0.07 575 49 282 258 80
Sand-ime brick 0.70 1400 20 280 109 45
Aerated concrete block (Ytong ThermStrong) 0.10 500 20 100 86 43
Aerated concrete block (Ytong ThermUltra) 0.07 300 48 144 124 61
Natural limestone 1.40 2 500 20 500 170 37
Solid timber wall (glue laminated timber GLT) 0.13 439 20 88 135 30
Solid timber wall, spruce (unglued) 0.13 465 20 93 72 16
For a better understanding, common building materials were selected for the “Vademecum”, and
i their environmental parameters were given for 1 m? component area with typical material thickness.
i In this way, approximate comparisons between materials are possible.
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,

terminology assessment data  and components solar thermal  etc.

Calculation example:
from kg to m2 component area (per rule of three)

Load-bearing construction, 1 m?

Avalue Density T.yplcnl Weight Primary ene:'?y Green!mlilse
Building material / part thickness non-r gas
W/(mxK) kg/m3 cm kg/m? kWh oileq kg CO,-eq
Brick (Swissmodul) 0.30 1000 20 200 158 53
3 Y > x '

Density times typical thickness (in meters) 1000 kg/m3 x 0.20 m = 200 kg/m2
Per-kg-value from KBOB table times weight. 0.788 kWh oil-eq/kg x 200 kg = 158 kWh oil-eq .
Per-kg-value from KBOB table times weight. 0.267 kg CO,-eq/kg x 200 kg = 53 kg CO,-eq-"

Okobilanzdaten im Baubereich KBOB / ecobau / IPB 2009/1

Rohdichte/ ) PrEsRas Treibhausgas-
1D-Nummer| g A MATERIALIEN Flichen- o emissionen
masse e
K uep emeuerbar nicht erneuerbar (Graue Energie) |
8
Total | Herstelung | Ensorgung | Total | Herstelng | Enmsorgung | Total | Herstelng | Ensorgung | Total | Herstelng | Entsorgung
use use use KWholeq | kWnoleg | KWholeq | KWnoleq | kwWholeq | kWholeg | kgCOreq | KgCOreq | kgCOreq

i rer i i i i
02001 Backstein 900 i 372 329 427 0080 0075 002 0788|0735 0267 | 0254 0013
02.002 Kalksandstein 1'400 kg 259 216 427 0.039 0.037 0.390 0337 0.162 0.149 0.013
02.003 L 700 kg 354 311 427 0.793 0.790 C 0.764 0712 0.180 0.167 0013

[02004 L Blahton 1200 kg 610 568 27 0.065 0.053 143 137 0.429 0416 0013

HS 22
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal  etc.
L] L] (] L]
Exterior building components, approximate LCAs
(p. 33-37, excerpt)
Exterior wall, insulated, 1 m?
Service Useful Primary energy Greenhouse gas emissions
life energy non-renewable
Construction Layers / energy
kWh kWh oil-eq kg COz-eq
years per year total per year total per year
Reinforced concrete 20 cm 60 169 2.8 73 1.2
Reinforced concrete wall EPS 35 cm 30 315 10.5 80 2.7
with EPS insulation Exterior rendering 30 34 1.1 9 0.3
(U=0,10 W/m?K) Space heating 7.5 3.9 0.2
total 184 4.4
Brick Swissmodul 20 cm 60 158 2.6 53 0.9
Brick wall with Rock wool 35 cm 30 121 4.0 33 1.1
rock wool insulation Exterior rendering 30 34 1.1 9 0.3
(U=0,10 W/mZK) Space heating 7.5 3.9 0.2
total 11.7 25
As in the example shown before, the environmental impacts for the production/disposal of the
component and for the heating operation (in the variants natural gas and heat pump variants) are
i added together. The embodied energy/emissions are amortized over the service life.
Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,

terminology assessment data  and components solar thermal  etc.

Calculation example:
From total values to per-year values

Converting embodied energy or embodied emissions into per-year values:
Amortization, i.e. total value divided by assumed service life according to SIA 2032.

Example: 1 m? brick, 20 cm, primary energy non-renewable

Embodied energy total: 158 kWh oil-eq

divided by 60 years (a)
B ives 2.6 kWh oil-eg/a

Note: The gradual amortization is fictitious; in truth, the environmental impact of construction occurs
in the first year (manufacture) or last year (disposal) of its lifespan. In addition, it is assumed that the
i component is not destroyed before the end of its service life.

17
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Tools, links,

Context

Units and
terminology

Life cycle LCA
assessment data

LCA-optimised insulation thickness
primary energy consumption (non-renewable) per year

Building materials
and components

LCA-optimised insulation thickness
greenhouse gas emissions per year

Photovoltaic,  Tools, links,
solar thermal  etc.

19

kWh oil-eq/(m2xa), embodied energy + heating kg CO,-eq/(m?xa), embodied emissi + heating
Environmental impacts of heating operation 0 , -
Natural gas heating Brine/water heat pump Natural gas heating Brine/water heat pump
Boiler efficiency 0.9 Annual perf. factor 4.0 Boiler efficiency 0.9 Annual perf. factor 4.0
Heating system, calculation parameters a5 1.05 kWh oil-eq/kWh | | 2.08 kWh oil-eq/kWh 230 g CO2-eq/kWh |} 125 g CO2-eq/kWh
Type Reference / Final energy carrier Efficiency Primary energy non-renewable Greenhouse gas emissions 40 10
eVl el el 1 RS e ek Bolleeitiene 00 1.05 KWh oil-eq 0.230 kg CO2-eq
(condensing boiler) 2 ca. 0,1 md 35 10 cm EPS
BT AT el 1 Il Annual perf. factor 4.0 | 2.08 kWh oileq 0.125 kg CO2-eq 8 + heat pump
with borehole heat exchanger(s) CH consumer mix 30 20 cm EPS 14 cm rock wool
+ heat pump + heat pump
Heating degree days, Zurich Fluntern average 2011-2020: 3125 (Kxd)/a 25 32 cm EPS 6 30 cm EPS
i : H ) + natural gas + natural gas
1. Estimate (rough) of annual useful energy required for heating : " Y
. . . X
useful energy = heat losses per heating period: heating degree days x U-value x 24 h/d + 1000 Y
e ING e 4
Example: component with U-value 0.10, location Zurich Fluntern 15 A e
3 125 (Kxd)/a x 0.10 W/(m2xK) x 24 h/d = 1000 = 7.5 kWh/(m?xa) 10 B \
. . N N AR Sy p 2| N | e
2. Calculation of final energy consumption: s /. Ry e o P
.. . . 32 K | - RN GRSt
useful energy + efficiency of the heating system = final energy em rock woo 50 em rock wool ~40 cm rock wool
+ heat pump + natural gas + natural gas
3. Calculation of the environmental impacts ° 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60

final energy x env. parameters of the energy carrier = env. impacts of heating operation
Example with heat pump: S
7.5 kWh/(m2xa) + 4.0 x 2.08 kWh oil-eq/kWh = 3.9 kWh oil-eq/(m2xa) i Such an isolated, component-focused consideration is useful for estimates, but should be placed in
7.5 kWh/(m?xa) + 4.0 x 0.125 kg CO,-eq/kWh = 0.23 kg CO,-eq/(m?xa the context of further optimization approaches: sufficiency, mobility, compactness, orientation,

b window area, etc. may influence the ecological footprint more than the choice of material!

Insulation thickness (cm) Insulation thickness (cm)

Units and
terminology

Context Life cycle LCA

assessment data

Building materials
and components

Photovoltaic,  Tools, links,
solar thermal  etc.

Units and
terminology

Context Life cycle LCA

assessment data

Building materials
and components

Photovoltaic,  Tools, links,
solar thermal etc.

LCA-optimised insulation thickness
cumulated primary energy consumption (non-renewable)

LCA-optimised insulation thickness
cumulated greenhouse gas emissions

Insulation thickness: Where is the “sweet spot”?

kWh oil-eq/m?, embodied energy + heating kg CO2-eq/m?, embodied emissions + heating
. ) S 500 : 120 :
Example insulated wall + space heating, natural gas h le of the lif Natural gas heating | | Brine/water heat pump Natural gas heating | | Brine/water heat pump
Primary energy non-renewable The example of the lite Boiler efficiency 0.9 Annual perf. factor 4.0 Boiler efficiency 0.9 Annual perf. factor 4.0
kWh oil-eq/(m?xa) cycle analysis shows: 450 | {105 kwh oikeq/kWh | § 2.08 kWh oil-eq/kWh 230 g COZeq/kWh |} 125 g CO2-eq/kWh /
EPS Rock wool f A lati (decrease 2%/year) (decrease 2%/year) 100 (decrease 2%/year) (decrease 2%/year)
0| / or every insulating 200
Brick 20 cm, EPS Rock wool £Ps material there is a point
ya ya Rock wool
d d .OCK WOOl .
., | e ya after which the 30 0
Brick 20 cm, . .
Heating --/rendered Br.cdk zodcm, additional material 300
. rendere: .
10 /" naturel gas heoing [ " expenses outweigh the
natural gas /" nat |g . . . 250 60
natural gas extra savings in heating
0 operation - depending 200
Insulation 12 cm Insulation 22 cm Insulation 33 cm 0 th
U - 0.23 W/mK U=0.14 W/m2K U =0.10 W/m2K on the energy source. 20
10 - 150
E ple insulated V\!ul! +sp heating, heat pump L 100
Greenhouse gas emissions OptImIZGtIOI’l towards 20
kg CO2-eq/(m2xa) .
the lowest primary 50
EPS H
energy consumption or
4 A EPS Rock wool / EPS Rock wool / Rock wool g-y p 0 0
/ / greenhouse gas
Brick 20 cm, Brick 20 cm, Brick 20 cm, P . .
2 pre 2 e i emissions is p055|b.|e,
- - Heating - - Heating - - Heating see also the following
/ eq um N . . . . . . .
0 <ot pump <ot pump P graphs and p. 38-41. i Here is another, dynamic way of looking at it: cumulative environmental impacts over 30 years.
Insulation 12 cm Insulation 22 cm Insulation 33 cm : o niti “enilka” H H ieel H
eyt 0 0 Wik iyt e S S Obviously, the initial “spike” of embodied energy or embodied emissions dominates the balance

if the operational energy consumption is reduced and increasingly covered by renewable sources.
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Load bearing components, approximate LCAs
(p. 44-47, excerpt)

Pillar/support/post h = 3 m, version 1, per unit

. Primary energy Greenhouse
Weight Sel"vn:e non-renewable gas emissions
Type / dimensions Components / material life -
kWh oil-eq kg COz-eq
kg years total per year total per year
Concrete C30/37 276.0 60 48 0.8 28 0.5
Reinforcement B5008B 4 x @ 20 41.5 60 207 35 63 11
Concrete 20 x 20 cm
Stirrups B500B 6.0 60 30 0.5 9 0.2
total 323.5 - 285 4.8 100 1.7
Timber round 2 32 cm Timber C24 (unglued) 112.2 60 87 15 20 0.3
Timber r lar 20 x 36 cm Glue laminated timber GL24h 94.8 60 146 2.4 32 0.5

{ If the material and dimensions of a component are known, the environmental parameters can be

i determined from the life cycle assessment data and compared in variants. In the “Vademecum” this is
exemplified by means of columns and ceilings in common types of construction.

i The examples show that a closer look is worthwhile:

{ Wood generally performs better than reinforced concrete in the LCA, especially unglued wood.

: However, wood cannot replace reinforced concrete everywhere.
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Biogenic building materials, CO, sink effect within a time frame <100 years, 1 m?2

Density Carbon 'I:ypit:ul Weight Em!)ofiied €02 sink Net result
Building material content thickness emissions effect
kg/m? kg C/kg cm kg |kgCO,eq |kgCO,eq |kgCO,eq
Solid timber (hardwood), supporting structure 640 0.491 20 128 10 28 -18
Bamboo (Glue Lami d Bamboo GLB) 636 0.518 20 127 98 117 -19
Straw insulation 95 0.409 35 33 5 24 -19

{ In the Swiss practice of life cycle assessment, biogenic carbon is usually treated as a “transit item”,
i.e. there are no credits for carbon storage, nor are the emissions from disposal (e.g. combustion in a
biomass power plant) accounted for. However, a quantification of the delayed climate impact is
currently being discussed: Within a limited time frame (<100 years) and with a sufficiently long
storage period (here ~60 years), a reduction in the CO, footprint can be calculated - a useful time
gain on the path to climate neutrality. The effect is particularly pronounced in the case of fast-growing
plant building materials. (If they are used for thermal insulation, they also have the additional benefit
of lower operational emissions. So the following applies to biogenic insulation materials: the thicker,
the better!)

Example 33 kg straw insulation: The sum of embodied emissions (5 kg CO,-eq) plus CO, sink effect
(-24 kg CO,-eq) results in net negative emissions of -19 kg CO,-eq.

(Note: The data are from the study "Material Diets for Climate-Neutral Construction" by Olga Beatrice
Carcassi, Guillaume Habert et al. (2022). They are not readily compatible with the KBOB/SIA data.)

Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,
terminology assessment data  and components solar thermal  etc.

Carbon storage in building materials
(S. 48-49, excerpt)

Biogenic building materials, temporary storage, 1 m2

Density Carbon 'I:ypicul Weight Em?wfiied Carbon S (.an.bon-

Building material content thickness emissions content dioxide
kg/m? kg C/kg cm kg | kg CO,-eq kg C kg CO,

Solid timber beech / oak, kiln-dried 675 0.451 20 135 21 61 223
Solid timber spruce / fir / larch, kiln-dried 465 0.451 20 93 16 42 154
Cellulose (loose-fill) 50 0.404 20 10 3 4 15
Wood-fibre insulation board (behind cladding / in cavity) 115 0.436 20 23 17 10 37
Hemp-lime brick (Schonthaler) 300 0.150 20 60 22 9 33
Straw (BauStroh) 115 0.368 35 40 4 15 54

: Biogenic building materials (wood, straw, etc.) bind considerable amounts of carbon during plant
growth (included in the KBOB LCA data since March 2022). Depending on the material, the
corresponding amount of CO, that is removed from the atmosphere can significantly exceed the
embodied emissions. But: At the end of a component’s service life, the stored carbon is released again
when the material rots or is burned.

When carbon (C) combines with oxygen (O) to form CO,, the weight multiplies by a factor of 3.67.
Example: 40 kg of straw consists of 37% carbon, i.e. 15 kg of C. Converted into carbon dioxide, this

i corresponds to 54 kg of CO,.
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Example, life cycle assessment:
Photovoltaics and solar thermal energy on a building

Given: an apartment building, heated with a geothermal heat pump.

Electricity requirement for space heating, hot water and residential use 24 000 kWh/year.
Available for a possible use of solar energy:

100 m? on each roof surface, inclined 37° south / north

50 m? on each facade surface south / north

Assessment:
* Possible yields of electricity from photovoltaics
* Solar coverage of the electricity demand

* Environmental impact of PV electricity vs. grid electricity
... “does a PV system make sense here?”

* Environmental impact of solar thermal energy
vs. heat pump operated with PV electricity
... “does a solar thermal system make sense here?”
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LCA example, PV and solar thermal energy
Photovoltaics, energy yields (p. 54-55, excerpt)

Absolute yields in kWh/(m2xa)

kWh/(m2xa), for different orientations (degradation included)
Cell type Placement hori- 0° 45° 90° 135° 180° 135° 90° _45°
zontal south west north east
Roof, horizontal 186 - - - - - - -
Silicon, monocrystalline Roof, inclined - 219 208 175 133 113 131 171 204
Facade - 154 145 109 63 39 62 105 140

Yield of roof inclined south: 100 m? x 219 kWh/(m2xa) = 21 900 kWh/a
Yield of roof inclined north: 100 m? x 113 kWh/(m2xa) = 11 300 kWh/a
Yield of south facade: 50 m2 x 154 kWh/(m?xa) = 7 700 kWh/a

Yield of north facade: 50 m? x 39 kWh/(m2xa) = 1 950 kWh/a

Yield total: 42 850 kWh/a

Solar coverage: yield 42 850 kWh/a + requirement 24 000 kWh/a = 179 %

£ If all available surfaces are used in the example, the photovoltaic system produces significantly more
energy than the building consumes in a year (shading is not taken into account).

i However, the majority of the electricity is generated in the summer, so that electricity from the grid is
also needed in the winter months.

Context Units and Life cycle LCA Building materials Photovoltaic,  Tools, links,

terminology assessment data  and components solar thermal  etc.

LCA example, PV and solar thermal energy
Comparison: PV vs. Swiss grid electricity (p. 56, excerpt)

Environmental parameters for self-produced PV electricity (worse than / equal to / better than benchmark)

Primary energy non-renewable Greehouse gas emissions
cal kWh oileq/kWh, for different orientations 9 CO,-eq/kWh, for different orientations
ell type
hori- 0° 45° 90° 135° [ 180° [ -135° | -90° -45° hori- 0° 45° 90° 135° | 180° [ -135° | -90° -45°
zontal | south west north east zontal | south west north east
Roof, horizontal 018 | - - - - - - - s |- - - - - - - -
silicon, -
veon, Roo, inclined - Jo1a o5 | 017 | 023|027 |023| 018|015 38 | 40 | 48 | 63 | 75 | 64 | 49 | 41
monocrystalline
Facade - Jo2a J026 | 034 059|097 |o060 035|027 - | 66 | 70 | 94 | 162 | 265 | 166 | 97 | 73
Benchmark
1 kWh final energy, grid electricity 2.08 125
from Swiss consumer mix

The environmental parameters of the PV electricity result from the embodied energy and
embodied emissions of the system (p. 53) allocated to the kWh produced.

Only on the north facade, the PV electricity in the example has poorer values than Swiss grid
electricity. If this part of the system is left out, the degree of coverage is still 170%.

! Note: The high proportion of hydroelectric and nuclear power in Swiss electricity production results in
i low emissions of greenhouse gases by international standards. Since it makes sense to first replace
i fossil-based (imported) electricity with PV electricity, PV surfaces with a less favorable (north)

: orientation are also justifiable.
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LCA example, PV and solar thermal energy
Comparison: Solar thermal vs. heat pump + PV (p. 63, excerpt)

Environmental parameters for useful heat from solar thermal energy (worse than / equal to / better than benchmark)

Primary energy non-renewable Greehouse gas emissions

Collector type kWh oil-eq/kWh, for different orientations g CO2-eq/kWh, for different orientations

and application hori- [ 0° | 45° | 90° | 135° | 180° | -135° | -90° | -45° | hori- [ 0° | 45° | 90° | 135° | 180° [-135° [ -90° | -45°

zontal | south west north east zontal | south west north east

et " Roof, horizontal 007 | - - - - - - - - 17 - - -

Flat-plate collector o

for hot water, MFH Roof, inclined - | 004 | 005 | 006 | 010f 0.13 | 0.10 | 0.07 [ 0.05| - 1| o1 [ 16 | 25 f 33| 26 | 17| 12
Facade - | 007|007 |010] 015f 020 016 | 012 [ 008 | - 17 | 18 | 26 | 37 f 50 | 41 | 29 | 20

Benchmark
hot water / space heating and hot water variable
heat pump with PV electricity

variable

Similarly, the environmental parameters of solar thermal energy are determined by allocating the
embodied energy and emissions of the system (p. 59) to the kWh produced.

These can be compared with the parameters of a system which combines photovoltaics and heat
pump. In the example, all of the examined surfaces would be suitable for the production of hot
water from solar thermal energy, the south-facing roof being the best.

{ For hot water, the heat pump operates with an annual performance factor (APF) of approx. 2.0.
i Calculation example roof inclined south, useful energy for hot water (approx.):

Greenhouse gas emissions of PV electricity 38 g CO,-eq/kWh + APF 2.0 = 19 g CO,-eq/kWh.

! So the value of the solar thermal system, 11 g CO,-eq/kWh, is better in comparison.

Context Units and Life cycle LCA  Building materials Photovoltaic,  Tools, links,

terminology assessment data  and components solar thermal  etc.

Tools, Links, etc.

At the end of the booklet there are links to other
planning tools that can be used depending on
the project requirements (p. 77-81).

Neither the list of tools nor the data tables in the
“Vademecum” are conclusive. They are intended
to form a basis for further learning about the
topic of life cycle assessment and including it in
the planning process from the start.
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Charles-Edouard Jeanneret on the Acropolis, near a collapsed column at the Parthenon, September 1911
Photo: August Klipstein ©FLC/ADAGP

Chair of Architecture and Construction Annette Gigon 25
HS22 ETH Zurich Mike Guyer

DATA COMPILATION
BUILDING PARTS
BUILDING ELEMENTS



27

HS 22

HS 22

26

"49°5]0034BUaUS' MMM 1D /|S BY3} WOy PaUIDIO 8¢ UDd (j00) [99X3) 007 VIS PP uonp|nd|pd o ‘saspyd 30afoud / saipnis Aipuiwijaad ayj Jog
‘602 VIS Aijiqow ‘(039) 08¢ VIS |puonpiado ‘70z VIS palpoqus :siaawnupd suoissiwas pup ABusus jo uonpulwialeg
-adojaAus Bulp|ing [pwJiayl ay3 ulym paip Joojy ssoub pajood Jo/pub paipay ‘o'l ‘(eyoplsbnzagaibisul) paio soualeyeu ABisul = 493

L1/ 6L ore / ove (3pJado + "poquis =) sjuswiaiinbas jpuonippy /€L ozl / ozl (‘3pJado + ‘poquis =) sjuswiaiinbas jpuonippy
Ly /¥ 08¢ /08¢ (‘"gow + 3psado + "poquis =) san|pA 3861D] 6L /0C 091 /091 (‘"gow + 3psado + "poquis =) san|pA 3861D]
vz /vt orL /ovl Aujiqows ‘sanjoa Buiping L/ or /0 Aujiqows ‘sanjoa Buiping
zL/ ol 0zz /002 Jouonpiado ‘sanjoa buiping 9/t 001 /08 Jouonpiado ‘sanjoa buiping
S/6 0z /o paipoqua ‘sanjoa buiping 9/6 0z /or paipoquwa ‘sanjoa buiping
O Sou0 oD sIILPY
€L/6L 0LL/0LL (3pJado + "poquis =) sjuswiaiinbas jpuonippy €L/6L ozL / ozl (‘3pJado + ‘poquis =) sjuswiaiinbas jpuonippy
6L/1C 00Z /00T (‘"gow + 3psado + "poquis =) san|pA 3861D] 6L/1C 091 /091 (‘"gow + 3psado + "poquis =) san|pA 3861D]
9/9 0¢/0¢ Aujiqows ‘sanjoa Buiping 9/9 or /0 Aujiqows ‘sanjoa Buiping
L/9 051 / 0€l Jpuoip.iado ‘sanjoa buiping 8/9 00! /06 Jouoip.ado ‘sanjoa bulping
9/6 0z /o paipoqu ‘sanjoa buiping S/6 0z/0¢ paipoquwa ‘sanjoa buiping
a403s pasijpadg (uosiad / 493 ;w Gy) Aoundnaoo pap|nbaa ‘|plyuapisay
oL/ 1L 08/08 (paado + ‘poquia =) syuswadinbau [puonippy oL/zL 06/06 (ipaado + ‘poquia =) syuswauinbau |puonippy
€L/ vL 00l /00l (‘"gow + 3psado + "poquis =) san|pA 3861D] L /9l 0zl / ozl (‘"gow + 3psado + "poquis =) san|pA 3861D]
£/¢ 0z/0z Aujiqows ‘sanjoa Buiping v/v 0£/0¢ Aujiqows ‘sanjoa Buiping
v/Z 09/0$ |ouonpiado ‘sanjoa buiping ¢/ 0//09 |ouonpiado ‘sanjoa buiping
9/6 0z /0¢ paipoqu ‘sanjoa buiping S/6 0z/0¢ paipoquwa ‘sanjoa buiping
- pows osed 453 4 09 Porieos
‘JpAoual / mau "jpAoual / mau ‘JpAoual / mau "jpAoual / mau
ba-20) 63 ba-10 ym ba-20) By ba-10 ym
suoissiwa spb | ajqpmauas-uou suoissiwa spb | ajqpmauas-uou
asnoyuaain | ABasua Aipwiig asnoyuaaun | ABasua Aipwiig

anak aad ‘4g3 ;w Jad san|pa :sjudwaainbay anak aad ‘4g3 ;w J9d san|pa :syudwaainbay

"san|pA 39610 J9)0113s Ym panssial aq Ajgpgo.d |im pup pasiaal Butaq Ajpuaiind si 0F0Z VIS 230N "(493) paup adualayel ABIaua ay) 0} UOIID|aI Ul PaULDP 34D SAN|DA dY] "SAN|DA
auljapInB [pnpiAlpul 8y} wolj a3piAsp 03 a|qissod s1 31 {poydzusiziy] VIS 2yl Yum a|qirpdwod palapisuod aip sjuswalinbal [puonippo ay} pup san|pa 386.p3 ayy yam A|dwod 3oyy sbuipjing
"sBulp|ing pajpAousl pub mau jo sadA} SNoLIDA 1oy san|pA 38603 pup auljapInb saulep OF0Z VIS JusWnIop ay3 ‘,A18190S NPAA-000T, @Y} JO S8AIRI8[G0 aY3 Uo paspg

(syona3xa) a1biauz poydzuaiziyy /102:0v702 VIS 03 Buipio2op syuswalinbay

65501 /poojumop/uonpaljgnd/ap /yauiwpo-ajq-qpgnd //:sdny :03pQ sony-3 ‘usdwindawippp suyQ

7207:1/600 UsI0pzUDIIGORQ GO 0300 (4M 066 :uosiad | F) b/ymy 050,77 H4S ployasnoy uostad-y ‘uondwnsuod [poidA|
XIW JOWINSUOD HD) yx
UOIDWLIO} BUOZO ‘S|IDJIUOD WIOIY SJ08448 BIDWID [OUl (4mit 09t :uostad | F) o/ymi 061.2 | H4W ployasnoy uosiad-g ‘uondunsuod [pordA}
(uonpinajod UMO) UNS By} SPUOMO) UOIIDIUBLIO [pWNdo ‘907 Aouaiolye ‘aul|PIsAIDoUOW UODI|IS D\£>>v_ 000.S youddp ?w‘_w__u:oz ._v_c_v co_uQE nsuod wmn:w><

“Ao139918 Yy Jad ba-t0) By 40 xoiddp Aubuwag) '6-3 ‘saspb asnoyuaaib jo suoissiwa mo| AjaAnpiodwiod
0} sppa| uononpoud A}1511308|8 sSIMS Ul Jamod JDB[INU puD 911399[901pAY Jo uoiiodoud ybiy ay) 210N

(‘pw £°€) pupjaaziimg ‘spjoyasnoy jo uondwnsuod A31914393|3

vyl v'09 abpJann ‘Auio] Aq piodsuoa 3yBiay wy 00L 020¢ 349 1us10I§ 0y Jwnsapung / 0Z0T diL souboud / 34g 8161eu3 anj3wsapung ‘610 40 sp 030
L ¥'S uipa} Aq Hodsupuy 3ybBiauy Wy 0L 3sn |pRUBPISaI yuM sBUIp|Ing 1w g7
V.0 6C [9ssaa BuloB-pas Aq podsupJy 3ybialy wyi 0o 0001 090¢ uondwnsuod |D}0} O11SBWOP ‘PUDIBZIMS
(s1@38WO|1 UOY = W1) syuodsuna) 9Ly 9'Gg |p303 ‘sBuip|ing

v/ Ly uIp.y dupisip-buoy ur unyd 0O"0 L $T 14 Bunybr
16 866 uioJy 30| ut wyd 0OQ'0L 8C 8'G s901A49s Bulp|ing ‘Buiuonipuod b ‘uono|usA
1437 056 € woay ur unyd 00001 1’9 LTl 1210M J0H
719 005 ¢ snq/yoood ur und 0000k 1°0¢€ 079 Buiypay s00dg
L6/ 058 € sa|qomaual ‘AydLnoaje upd ul wyd 000k % D/YMX “1iq oBosq
86 00% 9 XIN-HD “Ao1303]9 400 Ut wyd 00001 2ioys ABJaud puly
0zl ¢ 00/ 8 jos3ed 402 ui wyd 0001 (.’ w £°2) punjiazimg ‘sbuipjing ui uonndwnsuod Abiaugz
0£8 ¢ 0£€§ «x [2AD23 210 wiyd 00001

Aw«_wpmc._o__v_ Jabuassnd = Ev_av »Au.___AOE (LZOZ10 "29p) /yoruiwpo nypg-mmm//:sdny (zz0z-€0 290) /610 DIDPYIOMBIDWID MMM//:Sd)Y :DIDQ
8€0°0 71°0 « So103|0A03oyd “A3dL30dje Y)Y | Yoo (%¥ ‘8107) 403085 Buip|ing ‘puppazIMS
AN 80'C XIW JBWNsu0d HY) ‘“ANo1308[8 Ymy | IvL-SLL ppougp suoissiwa HHL) Buipnjoul ‘p3idpd Jad ‘pupblEZIMS
¥¢€0 6Tl 18| |0 xouddo 1o ymy | 166 (‘1w g°g uonpjndod ‘g 0z) Pudp2 uad Dsawop ‘pupBZIMG
0€7°0 50°L sW |0 vouddp = 506 jpmpuU Ymy | YWy 9y (81.0) onsawop ‘punjiazimg

(ABusus |puly) saa14402 ABasug 119 (‘'9 65/ uonpjndod ‘g| 0z) P1dDD Jad ‘epimpliom

ba-0D B ba-j0 ymy 1119 6 '8 (81.07) @pimpHIom
suoissiwa spb | ajqpmauas-uou
asnoyuaaun | ABsaua Aipwiid

n/ba-tQ) 32Ud49)34 JO dWIDI4

S$J9}2WDIDd |PIUSWUOIIAUY |P}0} \mCO_mw_EO snb wm:o_._:w@hm h_._50>

(j3s1] @Y1 03 san|pA uosupdwod umo Jnok ppp 03 uonsabbns syl yum Inq ‘ssausla|dwos 03 WIb[D AUD INOYUAN)
‘apnylubpW JO SI9PJO JUDAB|DJ 8Y]) JO DApI UD 9AIB 0} papusiul SI U0I309]|0d Buimoljo) 8y “dsoib o) pipy AjpJsy| 8o saspb pup ABisus Jo suolsuswip ay|

SP1spin,,, / sanpp uosundwo)




29

HS 22

HS 22

28

OIXeW)/M 9L'0= (700 + LL'G+ 250+ €1L°0) / L = N :(Butispuas noym paiyijduiis) uoipjnsur pup ¥a1q wd O [[oM JoLd)xe a|duioxg
'$8SS0| 109y Y3 JaMO| BY3 ‘BN|DA-N dY} J8MO| 8y |

TOPW)/M] g+ 4 5+ 7°Y) / [ = () -90UDRIWSUD.} [DULIBYJF 8Y3 ‘UOI3ONIISUOD D JO BN[DA-N dY3 830|NJ|DI UDD dUO
S9ODJINS JSINO PUD JauUl BY3 3D *°Y “*y 9oUDISISaI J8JSUDI} [DWLIBY} BY3} PUD JBAD| |PIISIDW YOD3 JO 8dUD|NSUI [DWIBY} BY} WO
"M/OIXzW) 1 £°6 =6€0°0 / 70 =Y :uonpnsur wd (g d|dwpx3
WO W /P =14 :P SS8U2IY} |DIUSIOW BY) PUD BN|DA Y 8Y} WOJ} paulw.ialap SI Y oUD[NSUT [DWISY3 8y |
.\ﬁ_>_uos_ucoo _UE(_w_.._u m:._u L®>>o_ w;u .®3_0> w_.._u .h®>>o_ wr_._. .woccuwn_:w D U_o >u_>_uosﬁcoo _OE._wr_u m.r_u mon_(_omw_u :v_XrE >>_ ®3_0> AOUQEO: < wr_._.

4 6 1) ¢ GLL 6%0°0 (yongnog) moag
44 GLL 009 0z 00€ 0£0°0 (42]0Y3u0YS) ya14q dwi|-dway
L1 6/ 0°€t 0z GLL 0%0°0 (Anaod Ut / Buippojd puiyaq) papoq uonp|nsul 3.qy-pPOom
€ Ll 00! 0z 0S 0%0°0 (Ily-es00]) asonj2)
/9 gc¢ 0/ ¥ G/l £00°0 (peadsnopp /dwoonopp 77) sjound uoRpINSUl WINNIDA dIA
G 181 09 0z 0¢ 9200 aunyjainfjod yid/¥nd
Lol 90¢ 0L 0z ¢ GE0'0 Jo4fysAjod papnayxa sdxX
9¥ 081 09 0z 0¢ 600 j0afysAjod papundxa §d3
[L) GLE gyl 8 68l 0900 (230211s WiNId|0I) pADOQ UOKDINSUI [DJBUIN
1C L/ 0°€t 0z GLL §%0°0 (todnin\) papoq uonpInsul [PIBUIN
LT 6L1 0'€t 0z GLL 0%0°0 ssp|6 wooy
9 Le 09 0z 0¢ G€0'0 (AwApd ur / Buippojd puiyaq ‘19A0s|) |JooM SSD|D
0z €/ 98l 0z €6 G€0'0 (uonp|nsul ||oM [DUIBIX ‘D0JWIN|4) [OOM Hj20Y
ba-20) b)) ba-j10 ymyj qw/by | wo cw/By | Op<w)/Mm
suoissiwd spnb | ajgpmauai-uou SSaUjoI nd / [puapw Buippin
wm_.ao..._cwm:w h_“c:w Apwirig Wbm _co“_\m._e._u Ausuaq enIpAY ued /o e

"SUOIID|NJ|DI Ul Pa3dd|Bau SI upJIoW ‘$300|q ID|4 :S||oM Aluospw Joj uondwnssy
(j993s Burouoyutau “pput) 5320 BY 6 :(4/111 INID) 3uewad Bpjs 8oDUINJ 1SD|G YIIM ||DM 81810U0D padJojulel ;w | a|dwoxg
(j993s Burouoyutau “pput) 5320 BY 77 (] INID) 3uswad pupjiod yum ||jom 81940U0d padlojulal ;w | a|dwbx3
W3y JaUDb|dJauydaluslIosuolag /3 Jaup|d Jauydaiusniosuolag/si0ip|nd|pd/poojdnTiasn /ulwpna|ly/ya-ezeall//:sdyy 1031p|nd|nd
2dA} 93210U05 By} YHM pPaUILLIBIEP 8G UDD SBN|PA IS "Z7Z0Z:L/600T 9dl / NPGOdd / gOgH Yo1a4aqnog wi usippzub|igoy() WOy 83949U0D 104 SaN|DA 9BDIBAY

91 ¢l €6 0¢ 117 €10 (pan|bun) aoanuads ‘|pm Jaquiy pijos
0¢ Gel 88 0¢ 6ev €10 (119 Jequin pajouiwp| an|b) jjpm saqui pijos
L€ 01 00§ 0¢ 005 ¢ ov'L auojsawil| |[pAN}DN
19 144" vl 8y 00¢ L00 (013ynwusy] Buoly) yo0lq 83240U00 paypIdY
4% 98 001 0¢ 00§ oL0 (Buosrgwuay] Buoly) do0|q 33249U0D pPIRIBY
17 601 08¢ 0¢ 0or L 040 )ouq awi|-pung
08 85 8t 6v G/ £0°0 (£1 wiayiolod) yo1iq uoyp|nsuj
€9 861 00¢ 0¢ 000 L 0€0 (Inpowssimg) youg
V4 06 81 058 / (10A % | xouddp) cw 1ad by 0 ‘|9235 bulolojuley
91 08 (oo 4 00§ Z « (Juswaa.i04ulal JNOYUM) 818.40U0D [DINJINIIS
€L 691 eLY 0¢ 09¢¢ 0c¢'¢ |IPM 33942U0D padiojuldy
ba-?0D B ba-j10 ym| /By | wo qw/By | Dixw)/m
suoissiwa snb | ajgpmaual-uou ssawyal nd / [pL)DW Buippin
wm-._o-._:ww._w h_“c:w Apwiug wbrom _uo“_\m.__”_u Aisuaq onpeAY Hod /o e

W | ‘uoi3oniisuod burinag-pnos

“(s@d3) suonp.ipjoap 1onpoud |puswuolirua Buisn pajuswajddns usaq aAby 1s1| gOGY Y1 Ul PapN|OUl 10U S|DLIBIDW SWOS

"$SaUdIY) JoAb| |p21dA} D Uo paspq ‘s|plieIDW Bulp|iNg UOWWIOD JO UOIJD8|9S D J0J MO[B] UDAID SI DaID JUBUOdWOD ;W | OJUI UOISIBAUOD Y

"By 4ad uanIb Ajjpnsn s1 31 8snpdaq ubisap pup Buiuup|d ui ajqpaljddp A|jsIpIPaWWI JoU SI DIDP gOGY Y1 “UoASMOH

"MO|aq Pa3si| DIOP 8y} JO 1SOW JOjJ SISDQ By} W0 0S|D 8saY] *,Ydlalagnog Wi uslpbpzup|iqoyQ, $8|qp} 4O

8] Ul puNoj 8¢ UDD S|DIIBIDW SNOLIDA Jo [psodsip pupb uoionpo.d Joj SUOISSIS SPb asnoyuaalb paipoquia pub ‘ABisus Aipwiid sjgomausl-uou ‘o'l K610Us paipoqui3

pajuanio-uonnaijddn ‘sypLiajpw Bulpjing pa3oa|as Jo PIDP YI]



31

HS 22

HS 22

30

(LZ0Z'90°8] Passa29D) Wiy salamMsuassIm/paixa /ap yoaisnog//:sdiy (A1A13oNpuod [pwiay) ‘Alisusp) UoD|NSUI MDUYS 10 SBI|DA

(LZ0Z'01°8C Passa20D) | 608=(1"3 L T=APN;WOX8pul /Yo" NDQod MMM //:SdRY :d|A 104 SBN|DA
(2207°'S0'S0 Passa29p ‘Wwiayis|p)) @43 S/e4n3opnupw 03 Buipaoddp papog 83pdl|IS WNIJ|DY) J0j SAN|DA

"us)bpzuD|IGoYQ OGN WOy «ydsijossulw yoiswwp» [psodsip snid ‘qd3 s4e4n3opynuow 03 Buipioddp sodiyn|A 104 san|OA

‘8p’sNDAN :san|pA Y g Bubyuy 7£0Z NP|GHBN VIS U paspg SuoI}dNIISuU0d palaAb-iyniy
"TT0T:1/600¢ 9dI / Nbqods / gOgy Yolessqnng wi usiopzu|iqod() sie3ewoind [pLsIo|N
S$82.N0S eje

ybiam X 821n0s DIDP Wouly an|pA-By-1ad :[ba-c0D) BY] suoissiwe sob asnoyusaib uwnjo)

yB1am X 824n0s pIDP wouy an|pA-By-1ad :[ba-jlo yany] ajqomausi-uou ABusus Aipwrd uwnjo)

“(sauzaw i) ssauxyoryy x AnsuaQ :[;w /6] ybram uwnjo)

*991300.d Ul B|GD|IDAD SUOISUBWOP By} dAIBSqQ) Juswalinbau 308foud 03 Buipa0doD 109]85 :[Wwd] ssauydiy} |pa1dA} uwnjo)
'$804N0S DIDP WOJJ SaN|DA [(HXW)/AA ANARINPUOD [DWLIBYY] 8n|DA Y pun [¢w/By] Ayisuap suwnjo)

3]0 oy} buipupdXa J0J SUOIONIISUI / UOND|ND[D)

"Buippp|o Jo uodUNY BY} |[14|N} UDD $103I9|0D |DWLIBY} JD|OS U0 Sa|Npow Ad ‘ubisap sy} uo Buipuada(
's9|qp} 91pindas uaAIb 8o |pwIBY) JDjOS puD saID}joA0Joyd Uo DIDQ

sjound |puLIaY} AD|OS PUD SJID}|OA0}0Yd

09 6ve PasLIojow ‘spuljq 1ojs [DIUOZIIOH
149 A ov (w g0 = pa.p ssojb) 9°0 anjorn) ‘Buizob eydLiy Bunpjnsuy
99 00¢ 8 |DI8W-POOM BUWID.IH
081 €5/ uonoajoad uns ‘Buizn|b ‘awnay :mopuip
8/ r4% 9¢ G'0 @n|pA-°n ‘Buizo|b ajdiy Bunpjnsu)
4% L91 v'e L'L anpA-Pn ¢ Buizn|b ajqnop Bunpjnsuj
144 €6 0'0¢ 80 00S ¢ 0920 Pa3p02 ‘sspjb jpj4
x4 (8 0°0¢ 80 00§ ¢ 0920 pajpoaun ‘ssojb 3o}y
ba-200 63 ba-10 ymyy 2w/By | wo /By | Dixw)/m
suoissiwa spnb | sjqpmauas-uou 1 nd / |puaipw Bulppin
wm_.ao..._cow._w hﬁo:o Kipwng btem m”“_“__wh—._a fususg aN|pA 'Y pod /oy tpiing

W | ‘SMopuip, / ssp|9

74 LOL L'6 L0 00¢ 8 g9 399ys sspiq/azuoig
6l €8 LT 10 069¢ 091 paipod-1apmod ‘393ys wnuiwn|y
Gl L9 LT L0 069¢ 091 ainq ‘399ys wniuiwnjy
€¢ GLL 6L L0 006 £ Gl SS9|uIp)s 4a9Ys |993§
¢ 44! 6L () 058 £ 0§ pasiupbA|pb ‘Jaays 9935
44 19 6L 1’0 058 £ 0S ainq j99ys [933§
L v L0 (s4oyoup 4abboy) pasiojuial a.1qy ssojb ‘spiwnAjogd

4 9 o (zw/"sod ¢°¢ ‘sioyoup 1abboy) |993s sSa|UIDIS

£ 6 90 sajijo.ud |991s pasIUDAIDE)

4 ol 0¢l 8¢ 99y (syupjd ‘spipoq) poos

/ 14 £0 Bu1apoa /uipys

8 4% vyl Buipppjo Jaqui} pajpjI3udA
9 Ic ovl 0l 00y | 0l 1002 8s0q [DIBUIN

c 9 co 21IqDJ JUBWIBDIOJUIDY

/ 4 L'¢ zo0 056 1 0l (yuswao-awiy) bulispus. |puil4

l v £0 JuIDy

6 4% 9°/LL (A" Buiiapuad J01433x3
£ £l ve 90 00v | 0l AD1IOW /9AISBYPD [DIBUIW
6!l /8 vee 60 009 ¢ cl 8/13 810M8U0JS/2IWIDIB)
14/ 001 g'Leg Gl sa|1} J1WDI3)
8 6C 0¢c 006 £ [99S SS8|UIDIS ‘s8I [[OM

6 4 LGE 0591 0l (% 0z) 1p110p7
¥4 90¢ 0v8l 000 ¢ 0l (% 08) sy21q 49yUlD
68 65¢ L'LTC gLl l12Ys ouq 4a)ulp)
ba-£0) 6 ba-jio ymy zw/B wo ew/By [ Oixw)/m
suoissiwa spb | ajqpmauas-uou SSaW}oI nd / [puapw Bulppin
wm.._o..._:mw._w h_hm:m Aipwiig wbrom _uu_”__»._e._u Aisuag onpAY Hod /o o

W L ‘Buipppj]d 10 ysiulj 101493x3




33

HS 22

HS 22 Data Compilation: Building Materials and Elements

32

10303 (ew/m 650=n)
e Bunpay sondg pajp|nsul jou
€0 91 'l 7 09 (panjbun) wo gz Jaquiy pijos ‘l1pM Joquny pijos
[[S2 1o} .
ce Bunbay sopde Olzw/M 9v°0=n)
) ) 5 pajp|nsul jou
€0 6 L'l e 0¢ ullapusd o193 ||oM 93249U02 pajDIAY
L0 147 7'l 98 09 w2 () 91240U0D pajpIay
P30} .
68 Bunpay sopda Olzw/m 8LL=n)
) ) 5 pajp|nsul jou
€0 6 LL ¢ 0¢ uliapual JoLIaIX] IoM YoLg
60 €g 9¢ 861 09 Wd Q¢ [NpowssImS yolig
1P30% (ew/m 68°€=n)
761 Bunpay sondg pajp|nsul jou
'l €L 8'C 691 09 W ()7 91940U0D PadIojuldy [IPMm 33249U0)
anak aad P30} apak aad P30} apakiad | suanalk
ba-tgo B ba-i0
200 110 4 M ABaaud / saafoq uonINIIsuU0)
suoissiwa snb asnoyuaau 21qpmaus.-tou ABisua o
P 1 9 ABidua Lipwirig Injosn 3JIAIDG

(jsasso| ABaaua ybiy yum Bunypay juaioiyys ou ‘uosipdwod 4o isnl) ;w | ‘pajp|nsul Jou ‘||PM J01I3)X]

"apIsul 8Y3 uo BulIBA0I [[DM 8Y] SI JOU JUNOIID OJUI UBYD] JOU

aup wWalsAs bunpay ayl uiyum sessoj Abisus pup suipb Jpay [puISIUI PUD UDJOS ‘UOIIDIIUBA ‘@dbys Bulpjing ‘U0IIDI0T SISAIDUD 8joAD 84l aAIsuaya.dwod b Jou Si Siy| 9J0N
“(upAo) dwnd 1pay

JaIpom /auLiq Jo :SJUDLIDA OM}) Ul UMOYS 84D S|p30} 8y pup (polad Buipay Jad sasso| 10ay = ABisua |njasn) waisAs Bunpay sy 1oy sislswpind
ay] ‘Aj1e|dwod Buipjing o jopow 03 BuiAby Inoyum spubLIDA Jusuodwod Jo suosLpdwod smo||p yopoiddp up Yyong ‘PaID JUBUOWOD ;W | PUD 8}l BIIAISS JO UDAK | uo
paspq ‘sjusuoduiod |pulsIxe SNOLIDA Jo sajdwpxs Buisn ‘SUOISSIWUS puUe ADJoUS [euoijelado pue palpoquud JO JUSWSSOSSE paulquiod ybnod o sapiroid a|qpy ay]

sy91 23pwixoaddo ‘syusauodwos Buip|ing J01433)x7

LZ SH 494np a1y / uobin a9339uuy J1DY) ‘Ainaqi] Bulisauibug [IAID pubp 2.4n32931Yy24Y ‘qNH |PLIBIDIAl H13
«|PLId}DA JO ;w Jad — suoissiwg paipoqu3 pup ABiau3 paipoqui3» uoniqiyxy




35

§
(2]
=
6L gLl |p30}
¢o0 6°¢ WA Bunpay sondg (2W/M 010 = n)
€0 8 LL 1A% 0¢ Buippojo Jaqui] uonp|nsul aiqij poom yiim
60 LC (A% 9¢l 0¢ Wwd 9] X g uolip|nsul aiqlj pOOAA lIPMm J3quily pljos
S0 0¢ €T gel 09 wo 0z (119) Jequiiy
60 9'9 |p30}
0 6°¢ gL Bunypay sondg
€0 8 e re 0¢ butppopo Joquiy (eW/Mm 010 = )
L0 € G0 91 0¢ W { UonD|NSUl 841} POOAA uonp|Nsul 3SO|N||32 Y}M
co g 90 6l 0¢ %76 X Wd O 8so|n|j8d) [IPM pn3s poop
00 4 z0 Ll 09 %8 X W O (179) Jequi]
L0 1 €0 L) 09 wod Gz Burjjpund poopp
8'¢ oLl |p30}
¢o0 6°¢ WA Bunpay so0dg (2W/M 0L'0 =)
€0 6 L'l ve 0¢€ Buliapual J011831X7 uonp|nsul 101X JodiIn\
0l 6¢ €e (0[0]8 0¢ wo gz Jodiyn|n ‘||1DM 83849U0D paRIBY
el 8L 9¢ LG1 09 WD G'9¢ 93940U0D PaIpIdY
anak aad |p30} anak sad |p30} apak aad | suapnaf
ba-tQy b ba-ji0
ZOO™ 9 A A ABaaus / s1aho uoRONISU0)
suoissiwa snb asnoyuaal 21qbmauat-uou ABisua o4
e 1 9 ABidua Aipwirig Injosn ELTIVETS
panuijuod W | -—u@u—u_:w—h_ .__5>> 401193X3
4 LLL P30}
¢0 6'¢ ¢/ Bunpay sopdg (2W/M 010 = n)
€0 6 'L € 0¢ Buliopuau JolaIx] uonp|NSUl [OOM )20.
Ll €e (0h% LZL 0¢ W GE [00M %00y Y}M ||[om DY
60 €5 9¢ 841 09 W2 Q7 [NPOWSSIMS Ydlig
6°C ¢clL P30}
¢0 6°¢ G/ Bunpay sopdg (2W/M 010 = n)
€0 6 L'l 43 0¢ Buliepual Jouax] uolDINSUI [OOM HI04 Y}IM
A" G¢ ey 6ClL 0¢ W GE [00M %00y |IPM 33342U09 padlojuIdY
cl €L 8'C 691 09 W2 () 91240U0D PadJOJuIdY
174 % V'8l |p30}
¢0 6'¢ ¢/ Bunpay sopdg (2W/M 010 = n)
€0 6 Ll 14% 0¢ Bulapual Jo8x7 uonp|nsul §d3 YHm
LT 08 qolL qlLe 0¢ W G¢ Sd3 |IPM 33342U09 padlojuIdY
'l €L 8'C 691 09 W2 () 91940U0D PaAdIOJUIdY
anak sad |p30} anak sad |p30} apakiad | sapalk
ba-2Qp b ba-ji0
FoOM o Ami M ABaaud [ s1akpq uonPNIISuU0)
suoissiwa spb asnoyuaau 21qpmaus.-tou ABisua 4
P 1 9 ABidua Aipwirig |njosn 3JIAIDG
m W | ‘paip|nsul ‘||pom JoLid)x3
I

34




37

HS 22

HS 22

36

ba-z0D 6% 610

suoissiwea sob asnoyusa.r)

(£2-71-1 70T passe29p ‘jwiy-abpippibziay/us|ypz-ur-sibiaus /a1bisus—3@muwin xapul /ep,/pnb /yo-yolanz-ypois-mmm//:sdyy)
o/(PXH) §TL €

:020Z-1 L0 @B0JaAD uieunj4 younz SAop saibap BURDIH

XIW JBWNSU0d H) (s)49Bupyoxs o8y 8joyaloq yum

0y 103204 ‘412 [pnuuy Ay21130919 Yy | dwnd 1pay Je1oMm/Bung

ba-10 ymy 80°¢

adA]

Sl9}swpJpd uoi1pNJ|Dd ‘WdlSAsS builpaH

a|qomaua.-uou Abiaus Aipwiiy Aouaioryg 1814102 ABIsua [pul{ / 8ousiayay

"s1914102 ABJaus ay) Jo siajawp.ind |pJusWIUOIIAUS X Wa)sAs Bunypay ay) jo Aousioyas + ABisua |nyesn :Bunpay sondg (q
9}1| ®2IAJ8S + SaN|PA |D10] :S4akp| Jusuodwo)) (b
:apak uad suoissiwe spb asnoyussub / ABisus Aibwid suwnjo)

" paiusiio-uonpaljddo ‘s|pliepw Bulp|ing pa1oa|as Jo PIDP YT, SB|P3 885 :|P10} suolssiwa sob asnoyuseub / ABisus Aipwiid suwnjo)

KBJsus [pwisy} UD|0s pup s3Ip}joA030Yyd :U01399||02 DID(], J83dpyd woly pjaik [pnuuy :p[aIk AoL1398|9 Ad (9

0001 + P/Y ¥ X @n|pAa-n X (mojaq aas) sAop aaibap Bunpasp :bunpay ao0dg (o
:ABusus |njesn uwnjo)
L uonosipowyy, uwn|od ‘q xipuaddy g0z VIS 404 s3jqp3 Jusuodwod os|p 88§ “uoiRdwNSSD 8|qISND|J 8| 8JIAIBS UWN|OD)
3]q03 8y} buipupdXa J0J SUOIONIISUT / UOND|ND[D)

9L 9vi [P0} .
90 50l 0z Bunpay 2ondg Diztt/i 220 = 1)
. . d uonn|nsui [pusajul Jodyn
¥0 Gl (A" 0S or wo 7| Jodiyniy ||oM BuoysaWI| [DANYDN
90 L€ 8'C 0/L 09 wo (7 ‘auoisawr
L9 6°'9S |30} Amm.o = \st
(A L€ L. Bunypay sondg uonyoajoad uns
v 081 8'8L €5/ ov MOPUIA pup WD} “Pul Mopuim
anak aad |p30} anak aad |p30} apakiad | sianaf
ba-t0n b ba-jio
oo™ 110 4 M ABaaua / siafn uonoINISuo0)
3|qpMauaJ-uou JFETTE) |
suoissiwa snb asnoyuaain
ABidua Aapwirig Injosn ELTTWETS

W | ‘syuauodwod Buipjing 10141333 1830

"848y Paisl| 10U 8D pup [9A8] Jusuodwod 8y} 3p aoupdiyIubis payiwi| jo Ajuo aup suoissiwa pub uondwnsuod ABisus Aipwrd

JO sw9) Ul sBuIADS Pa)pId0SSD By} ‘UBABMOH "$I11S11930DIDYD |pIUBWUOUIAUS Ja100d yym adinos ABisus up aop|daus Ajjprausjod ubd uoidwnsuod-jjas 1o} A)o13d8e Ad

8- Pl A101130313 Ad
1'8 1'9€ |0303 o_mf\\s 5L'0=n)
50 ot o Buinoay s50ds 3| pD ‘¥S9M pajuaLIo
. . . appanj Ad pPup
9 6sl LS er9 Y4 8p0ODy4 $8INPOW J1D}|0A0I0Yd UOKDINSUI [0OM 204 Y3IM
No NN NN _vw Om wo NN _OO>> v_UOM =°>> V—U_LQ QE_—lmw:va
80 17 8l 601 09 Wwd ¢ 32Mq swi-pung
- AR
6€EL PIRL IO Ad (Bew/m 510 =)
L0l 0] 4 |0303 aul||o3sA1oAjod uooijis
T s Ll Bunpay ao0dg ‘YIN0S PajuBLI0
6 G/¢ 0ve 0¢co L 0¢ 8p0IDJ ‘§8|NPOW 103|0A0}0Yd 9ppIn} Ad pup
70 9 60 87 0¢ wd g| |0OM SSD|5) uono|nsul joom sso|b
0L 0¢ 5y sel 0¢ wo 07 (119) Joquiy HHAVIIDI 19GHR PHOS
anak sad |p30} anak sad |p30} apakiad | sapalk
ba-t 6 ba-jio
9-°QJ by 10 Yymj My KBaaua / siakoq uonoNAsuo)
3|qpMauaJ-uou JFETTE) |
suoissiwa snb asnoyuaain
ABidua Aipwirig |njosn 3JIAIDG

Wl | ‘OPPODY Ad YHM [|DM J01IIXT




39

HS 22

HS 22 Data Compilation: Building Materials and Elements

38

+x (W) ssawy21Y} uonp|NSU|

08 0L

*3|qDZ1|03J A||DIIWIOU023 /A[SAI}INIISUOD IO B|GD|IDAD 21D SSBUXDIY} PUD |DLIBIOW BURD|NSUL JO SUOIIDUIGWIOD ||D JON|

's|pd3pW Bunpjnsul aind yiim a|qpiodwiod 10U 810431343 ‘PIjOS [|OM SD SBAIBS OS|D |DLIBIDW Bulp|ing

"d43 J84n390jnUDW 40 7Z0Z: L /6007 USI0PZUD|IqoyO gOg) 03 Buiploddp sianupd ABisus pup sjolieipw Buip|ing jo sielawnipd [DjUBWIUOIIAUT

“Ja1140d ABJsua Jo Jsjowpipnd |pjusWILOIIAUS X We)sAs Bunpay jo \Au:w_.o._tw + (uJaauni4 younz :uonooo|) pousad Bunpay Jad sso| ABusus = Bunpay, san|pA [pnuuy
“(s408K O¢) 841 991A8S + JyBlam X |pLIBIDW JO J8}oWDIDd [DIUSWUOIIAUS =, PAIPOGUID, SAN|DA [DNUUY

09 0S ov 0¢ 0¢ ol 0

wd 08< :(|14-2500]) 3so|n||29

wd 09- :,(43]0Y3uQYydS) oLiq swi-dway

wd OG- :(A}1Apd uy / Buippo|d puiyaq) ‘sui aiqiy poom

wo OG-~ :,(Z1 wiay3o.iod) )o11q uonp|nsuj

wd Qp :("sul ||PM [PUIAIX3) |0OM o0y

wo o :ssp|b wpo4

wo og :JoifysAjod papundxa g43

S

ymi/be-z0d B o€z
6°0 Aousioiye Jajiog

Bunpay sob |pinpN

+x (W2) ssawjo1y3 uonpnsuj
08 0L

‘ ///// lone

D3JD ||PM ;W pup anak sad
funpay + suoissiwa paipoqud
(b2-z0D 6%) DHD

suoissiwa spb asnoyusalb Jo swus) ul SSaAWYIIY} uonp|nsul pasiwndo-y)

*3|qDZI|D3J A]|POIWOU093 /A|9AI}ONIISUOD IO B|GD|IDAD BID SSBUYDIYY PUD [DLISYOW BuUD|NSUI JO SUCHDUIGWIOD ||D JON 44

's|pLdIoW Bunp|nsul aind yim a|qoIodwod J0U 8104818Y} ‘PI|OS [|OM SD SBAIBS OS|D |DLIBIDW Bulp|ing

"ad3 Ja4n3opynubW I ZZ0Z:1/600¢ UsIbpZUD|Iqo)O gOgN 03 Buipiodop sialLpd ABiaua pup sjpuaiow Bulp|ing jo sia3pwnind |DJUBWUOIIAUT

"1911102 ABJaus Jo Je3ownind |pIUBWIUOIIAUS X Wa)sAs Bunypay jo xo:w_m_tw + (u1sunj4 younz :uonooo|) pousad Bunpay Jad sso| ABisus = Bunpay, sen|pa jpnuuy
"(sa0ak Og) 8y1] @91A18S + JyBiam X |DLIBIDW JO J8}8WIDIDA [DIUSWUOIIAUD = ,PAIPOGUId, SAN|DA [DNUUY

09 09 ov 0¢ 0¢ ol 0

EuSAA__z.wmoo:%o_:__wo
&

//

y —\

wo 09~ :,(Z]1 wiay3o.io4) )o11q uonp|nsu|
wd 09~ :,(43]0YIUQYIS) jo1q swn-dway

wd OG-~ {(A3Apd u / Buippo|d puiyaq) ‘sui aiqy poom

Ym/ba-10 ymy G0'L
6'0 fousaioiys Jajiog

Bunpbay sob |pimpN

N
wo OG- :("sul [|[pm [pUIaIX3) [oOM HI0Y wo z¢ :Joafyshjod papundxa g43 /

/

wo o :ssp|b wpo4

wo § :jaund ‘sul WNN2DA djA

D3JD ||DM ;W pup anak sad
Bunpay + ABiaua paipoqud

(ba-j10 ymy) 14N

(s|qpmaual-uou) uoindwinsuod Abisus Aipwid Jo swisy ul SSaUKdIY3 uonpINsul pasiwndo-y)

ol

Gl

0¢

§¢

0¢

G¢

ov

Sy

09



41

HS 22

Materials and Elements

ing

Build

HS 22 Data Compilation

40

+x (W) ssawy21Y} uonp|NSU|

08 0L

09

*3|qDZ1|03J A||DIIWIOU023 /A|SAI}INIISUOD IO B|GD|IDAD 21D SSBUXDIY} PUD |DLIBIOW BURD|NSUL JO SUOIIDUIGWIOD ||D JON

's|pd3pW Bunpjnsul aind yiim a|qpiodwiod J0u 810481343 ‘PI|OS [|OM SD SBAIBS OS|D |DLIBIDW Bulp|ing

*ad3 1e4mopynuow 10 7z07:L/600¢ UsIopzup|iqoyQ gOgy 03 Buipioaop sia1iipna ABisus pup s|puepw Buipjing jo sie}ewpind |DIUBWIUOIIAUT

“Ja11ud ABJsua jo Jsjewpipnd |pjusWIUOIIAUS X We)sAs Bunpay jo \Au:w_.o._tw + (uJeauni4 younz :uonooo|) pousad Bunpay Jad sso| ABusus = Bunpay, sanjpA [pnuuy
“(s408K O§) 841 991A18s + JyBlam X |pLIBIDW JO J8}oWDIDd [DIUSWUOIIAUS =, PAIPOGUID, SAN|DA [DNUUY

0S ov 0¢ 0¢ ol 0

ymi/be-z0d B Gz1
403004 "piad [pnuuy

dwnd jpay Ja3om /aung

+x (WD) ssaWY2IY} uond|NSU|

08 17

09

wd o :(||y-3s00]) aso|n|j2d

wd 0 :,(431pYy3ueyds) ya11q dwi-dway

wd gy :(A31Apd Uy / Buippp|d puiyaq) ‘sul aiqy poom
w g| :(‘sul [|[pm [PUIB}X3) [0oOM YO0y

wo g} :, (2] wiayjoiod) yoLiq uonpjnsuj
wo | :ssp|b wpo4
wd g :joafysAjod papundxa g43

wd g :jound ‘sul wNNaoA dIA
wd { :(23021[IS WNI2|DI) PADOQ *SUI [DIBUIA

D3JD ||PM ;W pup anak sad
funpay + suoissiwa paipoqud
(b2-z0D 6%) DHD

suoissiwa spb asnoyusalb Jo swus) ul SSaAWYIIY} uonp|nsul pasiwndo-y)

'3|0Z1| 03 A||DIIWIOU0D3 /A]9AI}ONIISUOD IO B|GD|IDAD 3D SSUXDIY} PUD [DLIBIDW BUIID|NSUI JO SUCIIDUIGUIOD ||D ION] 44

's|pLdpW Bunp|nsul aind yiim a|qpIodWwod 10U 81048IBY} ‘PIjOS [|DM SD SBAIBS OS|D |DLIBYDW Bulp|ing

"d43 Jadn3opynupw 4o ZZ0g:L/600¢ UsIbpzUD|IqoyO gOgN 03 Buipiodop siaLupd ABiaua pup sjpuaiow Bulp|ing jo sia)ewnind |DJUBWUOIIAUT

*1811102 ABJaus Jo Je3ownind |pJUBWIUOIIAUL X Wa)sAs Bunypay jo \Ao:w_m_tw -+ (u1sunj4 younz :uonnoo|) pousad Bunpay Jad sso| ABisus = Bunpay, sen|pa jpnuuy
*(sa08k O§) 841] 991A48s + JyBlam X |pLIBIDW JO J8}eWDIDd [DIUBWUOIIAUS =, PBIPOGUID, SAN|DA [DNUUY

09 ov 0¢ 0¢ ol 0

wd 08< :(|1y-2500]) 3so|n||a9

|

Ym/ba-(10 ymy 80z
{ 403004 "piad [pnuuy

dwnd jpay Jajom /pulg

wd p¢ :(Anand uy / Buippojd puiyaq) ‘sui a1qiy poom

wo g¢ :, (21 wiayjoiod) yoLiq uonnjnsu|
wd 9¢ :,(43|pYuOYdS) yauq swi-dwgy

wd gg :("sul [|[om [pUIalX3) [oOM HI0Y
wo gz :ssn|b wpo4
wo 0 :joafysAjod papundxa g43

wd Z| :(93p21]is WNI2|DI) pUnOQ SuUl [DIBUIN
wd { :jaund "sul WNNJDA dIA

D3JD ||DM ;W pub Jnak ad
Bunpay + ABiaua paipoqud

(ba-j10 ymy) 1¥N3d

(s|qpmauaJ-uou) uoindwinsuod Abisua Aipwiid Jo swusy ul SSaWYIIY} uonp|nsul pasiwido-y)]

(08

Gl

0¢

§¢

0¢

G¢

oy

17

0§



43

HS 22

HS 22

42

Buizo|b uono|nsur sjdu) 08'0 SI00p PUD SMOPUIM
" 19}210U0D PaIDIBD HILI] “|NSu] 0/0°0=Y Yysm wd o/
" HH00 ‘MDUAIS 0500 =Y y¥m wo 09
-t ‘ codo_s_:s_ mwouo - rymud gy (100} ‘[IPM ‘Buijiad ‘Joou)
8.ql} poom ‘esojn||32 ‘ssp|b wpoy 0v0°0 =Y Yyim wo oy oL0 anbod
" 'SdX ‘Sd3 ‘loom |pIdulN Ge00 =Y ysm wo g¢ o
dld/¥Nd 5200 =Y Yyum wo 67
sjaupd UOIIDNSUI WNNIDA d|A /000 =Y Yum wd /0
sa|dwpxa |pLI3IDN 19£Ap| uonp|Nsu| O1-zw)/ M sjuauodwod Buipjing

]

asnoy aaissnd

» 0} snobojpun - /08¢ VIS 03

Buipa029p °'n) san|pa 3aban)

(uonpnoual) G40 / (Mau) G€°Q

(uonpnoual) G40 / (Mau) G€°Q

Buisno pullg

(uonpnouau) g L / (mau) p°L

(uonpnouau) g L / (mau) Z°L

S$S3J2ID 39JI1Y3A J0j si00(Qq

(uonpnoual) 060 / (Meu) 0L

(uonpnousal) || / (mau) 08°0

sioo(

Buizo|b uono|nsur sjdu)

(uonproual) 'L / (mau) 06°0

(uonproual) 060 / (Mau) 0£°0

SMOPUIAA

" ‘938940U0D PBIDIBD HOLIG “|NSU|
9400 ‘Mba3S

..._OQ_H_D_\/_

“** ‘alql) poom ‘aso|n||ad ‘ssp|b woo
" 'SdX ‘Sd3 ‘|oom [pasUIN

dld/4Nd
s|aund uoIIDNSUI WNNJDA d|A

000=Yyimwo | ¢
0500 =Y ym wo 7¢
Gr00 =Y yim wo Q¢
Or00 =Y yim wo g| (44l
Geoo=Yymuwo gy
Geoo=Yymuwo ||
£00°0 =Y Yim wod €0

0£0°0 =Y y¥m wo 9y
0500 =Y ysm wo ¢¢
Gr00 =Y ysm wo O¢
0r0'0 =Y Yim wo 9¢ S0
Geo0o=Yymuwo g
Gc00=Yymwo gy
£00°0 =Y Yum wo gy

(4100}} ‘|IDM ‘Buljias ‘Joou)
uonpAoual ‘anbndg

" ‘9}8940U0D PBIDIBD HOLIG “|NSU|

" 9400 ‘Mba3S

..._OQ_H_D_\/_

“** ‘alql) poom ‘aso|n||ad ‘ssp|b woo
" 'SdX ‘Sd3 ‘|oom |pasUIN

dld/4Nd
s|aund uoIIDNSUI WNNJDA d|A

0£0°0 =Y y¥m wo of
0500 =Y ysm wo 6¢
Gr00 =Y yim wo 9¢
0r0'0 =Y ysm wo ¢¢ JANY
Geo0 =Y ym wo ¢
G00=Yymuwo gy
£00°0 = Y Yim W y0

0£00=Yymuwo /g
0500 =Y y¥m wo of
Gr0°0 =Y y¥m wo 9¢
0r00 =Y ysm wo ¢¢ Lo
GE0O0 =Y yim wo gg
GcO0 =Y ym wo ¢
£00°0 = Y Yyim wd 90

(4100}} ‘|IPDM ‘Buijias ‘Joou)
mau ‘anbndQ

sa|dwpxa |pLId}DN

49/Ap| uonpnsuj O1-zw)/m

49£Ap| uonpnsuj O1-zw)/m

punoaBiapun w g unyj aiow
40 SWOO0. pajnayun spIpMoj

punoaBiapun w g unyj ssa|
J0 9}DWI|2 JOOPINO SPIDMO]

syuauodwod Buipjing

pippunjs d-a1biauly 03 spuodsaliod — (uonpaouad) in o o6 / (Mau) 'n % 0L

050 05°0 Buisno puijg
0¢ L'l $S929D 3[21YaA 10} s100(
S’ 'l sioo(Q
Buizo|b uono|nsui s|duy €L oL SMOPUIM
" 838J0U0D PBIDIBD HOLIq “|NSU| 000 =Y ysm wo y¢ 000=Y yymwo /¢
" 402 ‘MDA3g 0500 =Y yym wo g| 0500 =Y yum wod ¢
N . ‘Jodiyniy mwo”o =YyEmuwn g mwo”o =Y yum wo gl (100}3 ‘JjoMm ‘Bujiad Jo0.)
8.ql} poom ‘@sojn||32 ‘ssp|b wpoy 000 =Y ymuwo y| 820 000 =Y ymuwd 9| SC'0

" 'SdX ‘Sd3 ‘|ooMm [pJBUIN

¥1d/¥Nd
s|aund uoIID|NSUI WNNJDA d|A

Ge00=Yymuwo gyl
G200 =Y yum wo 60
£00°0 =Y Yyim wd g'g

GE00=Yymuwoy|
G200=Yymuwo gL
£00°0 =Y Yyim wo €9

uonnaoual ‘anbndg

" 918J0U0D P8)DJIBD YOI |NSu|
Y402 ‘Mbuaag

-.,_OQ_H_DE

" ‘81q1) poom ‘8so|n||ad ‘ssp|b woo
" 'SdX ‘Sd3 ‘|oom |oasuliy

¥1d/¥Nd
sjaund uoIID|NSUI WNNJDA d|A

0L00=Y yim wo /g
0600 =Y ysm wo og
GO0 =Y ymwo gl
000 =Y ymwo gl ST0
GE00=Yymuwoy|
G200=Yymuwo gL
£00°0 =Y yim wo €9

000 =Y ysm wo oy
0600 =Y yIm wo 67
G700 =Y Ysm wo 97
0r00 =Y ysm wo ¢z JAN]
GE00 =Y YyIm wo og
G200=Yymuwo gl
£00°0 = Y Yyim wo 40

(100} ‘[IPM ‘Buijia0 ‘Joou)
mau ‘anbndg

so|dwpxa |pLId}DN

42£Ap| uonpnsuj O1-zw)/m

42£Ap| uonpnsuj O1-zw)/m

punoabiapun w g unyj aiow
10 SWO0J Pajpayun SpIDMO]

punoabiapun w g unyj ssaj
40 3)DWIIO J00PINO SPIDMO]

syuauodwod Buipjing

pippunjs aibiaully ay3 03 spuodsatiod — | /08€ VIS 03 Buipioaoap !in sanjpA ywir

"$9SS9UNDIY} UIDLIBD Ul B|GD|IDAD A|UO 81D S|pLIBYDW Bunp|nNsul swog
‘punoub 8y} ym 30p3u0d Ul susuodwod Jo uoiD|NSUl SI SD ‘s|plIBYDW Bunp|nsul [P Y1m 8|qissod Jou SI S||DM [DUIBIXS JO UOIID|NSUI [DUISIU|

"JUNOJ2D OjUI UBYD) J0U BUD (*038 ‘SUNID( ‘sioyouD) sabpliq [pway) pup s1aApb| Jusuodwod Jayjo ‘sanjpA aypwixosddp ap sajdwbxe SO Palsi| SJoAD| uonp|Nsul 8y | :S8J0N
(‘Buipjing a39|dwo2 ay3 Buljjspow usym Ajjpdo1y10ads paulwIelap 8¢ UDD SSSAUNDIY} UOIID|NSUI JOMOT) "MO|aq Pals]| 81D sjusuodwod |DNPIAIPUI J0J SBN|DA 8y |

(,8snoy aaissod, ) | /08¢ VIS 03 Buipiodop anjpA 196.p) 8y Jo (d-816J48uljy 03 Spuodsaulod) san|pA JWI| 8Y3 JO %0/ 8D SpJopupls paroidu

“(710Z uINN 40 pJppupis aibisuly ay3 03 spuodsaliod) | /08¢ VIS 03 BuipioodoD s)wi| 8y} 84D SUOISIBAUOD pub sBUIP|ING Mau 1oy pIDPUD)S UOIID|NSUI WNWIUIW 8y |

SPJDPUD]S UOIID|NSUI [DWIBY) JO MIIAIBAQ




45

HS 22

7T0T:1/600¢ 9dI / nbqods / gOgy Yolesaqnng wi usjopzup|iqod() sie3ewoind [DLsIoN
(Lzog aunr) younz ‘oy aunsiusbuj 1uusy + w1y ‘1uiay ") Aq papiroad spoddns |pan3onuis jo sjusuodwod pup suolsuswi(
$90JN0S DID(

81| 92IAJ9S + saN|DA [030] :4paA Jad suoissiwa sob asnoyusaub / ABisus Aipwiid suwnjo)

1yBrem X 82unos pipp wod) anjpA-By-ad : P03 suoissiwe spb asnoyusaib / ABusus Aipwid suwnjo)

Juonpsijowyy, uwnjod ‘q xipuaddy z¢0g VIS 404 s3|qp) Jusuodwiod os|p 88§ ‘uoidwnssp 8|qIsND|d :[siDaA] )1 82IAI8S UWN|OD
924n0s DIOP WoJj AJsuap X awn|oA Jusuodwo)) :[6y] 3ybrem uwnjo)

3]0y 8y} buipupdXa J0J SUOIONIISUT / UOND|ND[D)

) L€ v'e 1441 09 L'T6 Yy ¢ 18quil} paypulwp] enjo wd i X 91 4onbBunyoas saquuy
€0 L1 €l 8L 09 7’001 (pan|Bun) yz2 saquury wd O€ X g 40nbunjoau saquuiy
€0 LL £l LL 09 9'86 (panjBun) g3 Jaqui| wo Q€ 2 punoJ Jaquij
60 1] (4% (74 - L'vL |30} £ X 0ZL X 0ZL MUY
10 9 '0 T4 09 '/ wuw 7| #yojd asoq/do| o130ad AD|NBuUD}0sA [903S
80 67 8¢ 1A 09 999 GECS 9915
€l GL LS 14%4% - 6°'L0L |30}
10 9 50 8¢ 09 €8 wuw 7| #jojd asoq/do| 091 V3H 3|yoid-H |93
(A" 69 €q 9l¢ 09 9°¢6 GECS 9935
L 88 L9 111) 4 - C6LL |30}
10 L 90 43 09 00l ww 7| #yojd asnq/do| 081 V3H 2|yoid-H |93
¢l 18 9 69¢ 09 60l GECS 9935
€l SL v'e 14114 - €L0€ |30}
¢0 6 G0 0¢ 09 09 40069 sdnung W 07 X 07 91940109
90 8¢ L'C 9¢! 09 €'q¢ 91 @ X 90059 3uswlojuIay
G0 8¢ 80 8y 09 09.¢ L€/0€D #1810U0D)
anak sad |p30} anak sad |p30} sipak 6y

ba00 By ba-qio um | |pLId3pw / syusuodwio) suoisuawip / adA}

suolssiwa snb 3|qpMaudJ-uou mu_>...mm wybram
asnoyuaain ABaaua Lipwirig )

yun Jad ‘g uoisuan ‘w ¢ = y 3sod/3ioddns /apj|id

S0 [43 v'e Il 09 8'v6 Yy 19O J8quiy pajpulwp| snjo wo g¢ x 0 40|nbupjdau saquuiy
€0 0¢ 1 L8 09 C'CLL (pan|Bun) 423 Jaquuiy wo Z¢ o punod Jaquiij
(A 89 ¢'S [4%% - ¢'C6 P30} 2 X 0ZL X 0ZL MAY
L0 L 50 143 09 7'6 ww G| #ypjd asnq/do] oi1j0ad JDJnBUDIS 9935
0l 19 LY 08¢ 09 8¢8 GECS 1991
Sl 06 6’9 Ly - A YA P30}
¢0 6 L0 (4% 09 GClL ww G| ayojd asoq/doj| 081 V3H 2|yoid-H |a93g
¢l 18 9 69¢ 09 ¢'601 GECS 9915
8'L 901 1’8 981 - L'Evl P30}
¢0 Ll 80 0s 09 LYl ww G| #p|d 8soq/doj 002 V3H 2|yoid-H |a93g
9l g6 €L 9¢ev 09 6¢Cl GECS 9915
L'l 00l 8'v Gq8¢ - q'€ce P30}
¢0 6 G0 0¢ 09 09 40054 sdnung W 07 X 07 9195007
Ll €9 G'¢ L0¢ 09 Ly 0¢ 2 X ¥ 40059 1uswadlojulay
G0 8¢ 80 8y 09 09/¢ L€/0€D #1210U0D)
anak aad |p30} anak aad |30} sanak 6y

b0 by ba-fto umx aj| |pdpW / syuauodwo) suoisuawip / adA)

suoissiwa snb a|qpMmauaJ-uou wo_>.._wm wybram
asnoyuaaun ABidua Aipwirig )

yun aad ‘| uoisiaA ‘w ¢ = Yy 3sod/jaoddns/apjid

"papnjoul Jou aip Buipod/Buipppjo pup abpluoln |981s ajyoad jo sadAy ||p J0) pasn aiem sisyawnIpd [DIUBWUOIIAUS BWDS 8y} ‘sBulyy Aijdwis o)

HS 22

44

‘(uBisap 831p1s-p|02) saipiadoud 213D)s SWDS 81 SADY YODS g UOISISA PUD | UOISISA Japun pazupwwns sadA} uoijonisuod ay|
"suolsuswip uowwod ui spoddns |DINIONUYS JO SJUBWISSASSD 394D ay1| s3pwixosddp Jo sajdwpxa moys sa|qpl ay|

sy91 23pwixoaddo ‘sysod/syioddns /san||id



47

HS 22

HS 22

46

IV 2207°£0°S7 4384) Wiy Iaup|d—Jauydaluspiosuolag /4 Joun|d Jauydaiuspiosuolag, /s103p|nd|pd/poojdniasn /ulwpns|iy/yo-azeall//:sdny

puD 7Z07:L/600C 9d| / nNbqods / gOgy yoleseqnog wi us3ppzup|iqoy() :s4e3ewnind |DLSID|N
(z20z ZIDIN) Yo1NZ ‘DY IULIDW|DDIDAA ‘ONYS3IBN D Aq papiroad suononiisuod Buljiad 1004

$924N0S DI

81| 92IAJ9S + san|DA [030] :4paA Jad suoissiwa sob asnoyusaub / ABisus Aipwiid suwnjo)
1yBrem X 82unos pipp wodj anjpA-By-iad : P30} suoissiwe spb asnoyusaib / Abusus Aipwd suwnjo)
L uonpsiowy, uwnjod ‘q xipuaddy z¢0g VIS 404 s3|qp3 Jusuodwiod os|p 88§ ‘uoidwnssp 8|qIsnND|d :[siDaA] )i 82IAI8S UWN|OD

921n0s DIOP wWoJj AJIsuap X awn|oA Jusuodwo)) :[6y] 3ybrem uwnjo)
3]0 8y} buipupdXa J0J SUOIONIISUI / UOND|ND[D)

Sl (4] 'S S8 - L'ELS (W '€ 3ybiay) o303
€0 8 el oY 0¢ 6L Buriooy yenband wo g°|
€0 8l 90 149 09 o8yl Po9.ds JUBWAd Wd g

. . : sJaJpaq ‘[oul ‘qp|s Aom-auo
L0 17 €0 9] 09 9'¢ [OOM 320 UOI}D|NSUI PUNOS WD §

: : : W 1ed 6 vouddp 1pgo, (2/111 W3D) gpis susodwiod
€0 8l ot 89 09 9LL ¢ 1001 q 93)942uU02-1aqui]
€0 91 60 99 09 9'64¢ /11l W3D “£€/0€D 21810U00 WA 7|
A0 Ll 80 LY 09 8'09 (pan|Bun) gD Jaquuiy wd |
L0 L 90 €€ 09 9'L¢ 119 Wd y¢X96 J48108q JO 84DYS
8l L6 S'S 882 - L'ELS (W 6'6¢ 3ybiay) o303
€0 8 €l oY 0¢ 6L Buriooy yenband wo g°|
€0 8l 90 149 09 o8yl P9.2s JUBWAd Wd g

. . : sJaJpaq ‘[oul ‘qp|s Aom-auo
L0 17 €0 9] 09 9'¢ [OOM 320 UOI}D|NSUI PUNOS WD §

. . | By o o (1 W3D) qois axsodutod
€0 8l ol 8g 09 9Ll gW J8d by 00 xolddp Ibgal 8ja12u02-Jaqui]
G0 [A) ot 65 09 9'64¢ | IN3D “£€/0€D 23940U00 Wd 7|
o0 Ll 80 LY 09 8'09 (pan|Bun) gD Jaquuiy wd 4|
L0 L 90 €€ 09 9'L¢ 119 Wd y¢X96 J48108( JO 84DYS
anak sad |p30} anak sad |p303 sipak 6y

ba-2Qy b ba-jio
O™ o AmA a| [pu2pW / syusuodwo) suoisuawip / adA}
suoissiwa snb ajqpmauaJ-uou mu_?._mm Wbrom
asnoyuaaun ABidua Apwirig )

panuiuod w a3d ‘w g X g piib |pan3onays uo Buiivd /1004

(AN " L9 0's 6SC - 6’617V (wd G' 17 yBiay) |p3o3
€0 8 el ov 0¢ 6/ Buriooy 19nbund wo |
€0 8l 90 143 09 o8yl P92J2s JUBWSD WD §

: : : OOM 3204 UOIID|NSUI PUNOS WD { 812103 "[oul ‘qojs Aom-auo
L0 1% €0 91 09 9°¢ _ A ! ! 1003 JoquIEy Pa3OUIWDY 3N
00 € ¢0 14 09 0091 It Bujjana) wo g
G0 6¢ [AX4 el 09 098 v¢19 119 Wd 0¢
L0 g ¥0 (44 09 vyl 1719 W ¢Xy9 4810aq jo 8Ibyg
8’L 00l 1’9 T4 - €099 (wd 6°G¢ WBiay) |pyo3
€0 8 el ov 0¢ 6L Buriooy 3onband wo g°|

. . . qo|s Aom-omy
€0 8l 90 1A% 09 ogrlL P92J2s JUBWSD WD §

: : : 0OM Y204 UOIID|NSUI PUNOS WD (/11 WaD) 3uswiaa 29puin4 3spiq
L0 v €0 9 03 gt ! K Honsut p v D[S 9}242U02 PaIojuIdYy
L0 oY [ 44! 09 ¥'9¢ ¢w Jad By gz xouddp upgau
G0 6¢ L'l ¢0l 09 IA7A a/11l WID “£€/0€D 83810U0d Wd 77
€¢ 8¢l Z9 0€e - €099 (wd 6°G¢ WBiay) |pyo3
€0 8 el ov 0¢ 6L Buriooy 3onband wo G|

. . . qo|s Aom-omy
€0 8l 90 1A% 09 ogrlL P92J2s JUBWSD WD §

’ ) ’ OOM D04 UOIIDINSUI PUNOS WD (1 W3D) 3uswiao pupjiod
L0 v €0 9 03 gt ! K HonsUt p v D[S 9}242U02 PadIojuIdy
L0 oY [ 44! 09 ¥'9¢ ¢w Jad By gz xouddp upgau
ol 8G 8L 801 09 I7A7A | WID ‘££/0€D 83210U0d Wd 77
apak sad |p30} anak sad P30} sanak 6y

ba-t09y 6 ba-j10
> 00 A 110 M al |pd3pW / syusauodwo) suoisuawip / adA}
suoissiwa snb 3|qpmauai-uou wo_?._wm ybBram
asnoyuaaun ABidua Aipwirig )

.wucwc._w.::_uw._ 9WIDS 8y] uo pasbq suollonJisuod @c___mo

w Jad ‘w g X g pub |panjonays uo builj1vd /1004

"Papn|aul jou si apisiapun ayj jo Buiypos /Buippojo ay|
UOWIWOD SNOLIDA JO SIUBWISSASSD 9|94 81| apwixouddp jo se|dwpxe moys sa|qp} ay|

sy91 dpuwixoiddo ‘sbujjiaa/si00|4




49

HS 22

HS 22

48

VIS/90gY 03 Buip10ooD JuaWISSasSD 8|94 8)1| «2103ISH By} Yim 8]q1rpduiod Ajippad Jou SI bIop 8y BI0N|

"18Ang) /uobig) Jipyo Aq pawinssp ssauydIyy [021dA| 7707 G0 L0 PSS89ID (G850 ] 352590/ 7L 0L /sqp/1op/Biosop-sqnd//:sdpy :8a1nog

6L s G €¢ G¢ 6070 56 uonpINSUl MDAS
62 G- e €9 G¢ 7910 081 uonp|nsul Jpw pasy
€L 91- ¢ 0¢ G¢ 00£°0 58 uonpnsu; aiqy dway
(174 gLL- 86 LT1 0z 8150 9¢9 (87D ooquing pajpulwny ssou)) ooquing
61 LLL- 86 LT1 0z 8150 9¢9 (8719 ooquing pajpuiwp] an|9) ooquing
8l- 8- o} 8Tl 0¢ 1670 09 ainjonys Buptoddns ‘(poompany) saquy pijos
ba-2g) 6| ba-?0) B[ ba-tgd By| By wo B3/9 6% | cw/By

PR ETTE) SUoISSIWo sSaWwo1Y) juajuo0d |pid3pw Bulpjing

}nsa4 3N 3yBram Aisuag
uis 20D | palpoqul Joo1dA) uoqun)

W | ‘su0ak Q> dWbJy dWI} D UIYHIM 109448 Yuls L)) ‘s|pi4a3pw Buipjing s1uaboig

'sa0ak (09 3 pawinssp si porad abpI03s ay| (7z07) ‘P 18 HagpH awnpj|ing) ‘1SSpIIDY) 821Dag PB|O) AQ ,UOIIONIISUOT) [DJINBN-8IDWI|D

Joj s381(] [PUBIDIA, Apnis 8y wodj sjplie3ow Bulpjing oluabolq Jo uonodsas b si aisy ‘ajdwpxe UD Sb 3pgap |puoissajold Jo 108lgns sy Ajjusind si yopousddo siy| yuis QD b so
payiaupnb aq upd syusuodwiod ur 860103s U0GUDD d1UBBoIq BY3 ‘9]9Ad U0GUDD [DO|B 8y} 3UN02ID 03Ul BuIYD) PUD SIDBA ()| > JO SWIDI BWI D UIYIM A||DIIWIDUAP PasSasSD UBUYAN

W3y Jaub|d~Jauydalusposuolag /4 Jaub|4  Jeuydalusliosuo}ag /s1030|no|pa/ppojdnTuasn /ulwpns|ly/yo-ezeall//:sdny 103o|nojpa adA} 81810U0D)
MV 2207 £0°9Z passadan) aibojouyosniaydiads-70d /Buniayoleds-god /yoymyiz//:sdiy ‘eonpoud /woayupisnauap//:sdny
((qw Jad By | ) ABojouyoey ayy jo A1opdoo 86pI0IS L)) BYY UO UoDWIIOJUI AupdwioD)

4 G0 74 8ey 0T o] 061 pa3puoq.nd ‘sajnbaibbo pajahaas ‘g/11l IWID 23349u0)
r4 G0 6 8ey 0T o] 061 pa3pu0qund ‘sajnbaubbo pajahoas ‘| W3D 93349u0)
200 6y 2 By ba-20) 63| B wo ew /200 By | cw/By
apixolp jJUdjuU0d | suoissiwd ssawpiy; | Ayondoo (3uawaaiojulal *|oxa) adAy a3aiouo)
ybram Asuag
-uoqJn) < uoqn) paipoquy |pa1dA} abniuoyg

zW | ‘ebpuo3s Jusupwuad ‘a3a42u0)

'suolssiwa sob asnoyuaaib paipoquie 8yl mojaq |[em ||13s Apualind si (w Jad palos

SPIX0IP U0GJDD JO JUNOWD 8y} Janamoy ‘Abm siyy ul peonpoud 81810U0d 8y3 Jo 8oup|Rg €D dy) seroldwi SIy| “7OD) PaILIIUSIUOD YIM JODIUOD 03Ul $3|NUDIH 81810U0D PajdAdal
Buibuliq Aq sseooud s1y) 81018]820D 03 BuIAI} 84D SPOYIBUI MBN “XLIIDW [DJBUIW 8y} Ul punog Appusupwiad s pup (UOIIPIDUOGIDD) 8184OU0D Y3IM JODBI OS|D UDI SPIXOIP UOGIDD)

'720T:1/6007 9d1 / npqods / gOgy Yolessqnog wi usippzup|iqod() sJe3ewniod [pUBI0N
20D 4o By £'9¢ 01 spuodsaliod sIy} ‘@pIXolp U0GJDD 03Ul PALIBAUOD) D) JO BY O] "8'1 ‘UOGIDD %G1 JO SISISUOD poom Jo By 7z :e|dwpx3 */9'¢

J0 40300} D Aq saijdnnw 1ybram ayy 0D wuoy 03 () usbAXo ylm SBUIqUIOD (D) UOGIDD UBYAA UOGUDD JO $ISISUOD s|plIa3pW Buip|ing aluabolq jo 3ybiem Aip ay3 Jo %0G INoqy

vS Gl ¥ )72 G¢ 89€°0 GLL (Yoaignog) moayg
€€ 6 44 09 0z 0510 00€ (4a1043uQyds) ya14q dwi-dway
oL ¢ 6 9 0z 0rY’0 0¢ JUD}SISaJ-a.l) ‘UODINSUI 34ql} XD
47 4 LT 24 0z 9610 0zl [ound Bugonsui 3109
LE oL Ll €T 0z 9¢7°0 GLL (AwApd U1 / Buippo|d pulyaq) pApoq uoiPINSUI 3.qY-POOM
Gl Z ¢ 0l 0z 7070 0 (Iy-es00]) asonj2)
6T L 6 Gl 5T r7y°0 509 jupjsisal-fpiwny ‘papuog-id ‘pApoq SO
ve L 8 91 5T L1970 079 Jup3sisal-Aypiwny ‘papuog-id ‘papoq 3jpRInd
S 1 S 0l 5T 810 00Y pinoq [0OomM poom papuoq [pJauly
vilL 6¢ 0¢ 88 0z 9770 6EY Jaquiy pajpulwp| an|9
vS1 1A 91 €6 0z LS70 G9¥ paup-up| ‘Yooj / 4y / 9anads saquiy pijos
£2C 19 4 ¢l 0z 1SY0 G/9 paup-uip| 5o / ysaaq Jaqui pijos
6 8 6¢ 0l 0z $900 009 93a240u0d dwoay
006y | 26y ba-20) 6| B wo B3/2 6% | cw/by

apixolp juajuod suoissiwd ssawjoIy} juajuod |pid3pw Bulpjing
-uoqun) < uoqn) paipoqu3y Wbram |po1dAy uoqun) Aisuag

zW | ‘@bpuioys Aupsodwe) ‘s|priaypw Buipjing s1uabolg

‘(ooquing ‘paas ‘dway ‘mpu3s) s|pispw Bulpjing

jup|d Buimoub-1spy Jo aspd sy ul paounououd Alpjnoiupd si 10848 ay3 ‘Ajjusnbasuo?) (quinyy jo ajnJ) ymoubau Joj swiy ayy "a'1 ‘porsad uoiIpiod s1 Jo J|py upyy Jabuoj
J0J JUSWIUOUIAUB }|ING 8Y} Ul PaJ03s SI 3 JI yuls uogupd (jAinJodwsy) b sp sanles [pusIDW Buip|ing o1usboiq b ‘sipak Q| 03 paiwl| si poliad JUBWISSaSSD BY) JI INg "WLIS)

Buo| ay3 ui 1n0 pauane aJoaJayl sI 82UD|DG dsnoyuealb ay) - uibbo pasoajal sI QD) By} ‘B)1] BIIAISS S JO pUS dY3 1D S}0J JO palpIauIdul I Jusuodwod sy} §| "a1eydsowip

8y} woly ¢QD spulq saup|d jo yimoub sy} 218 ‘MDIIS ‘POOM SD yons s|pLIdYOW Bulp|ing o1usbolq Jo 8sDI 8y} U] 'S8103S UOGIDD SD PAMAIA 3¢ UDD S|pLIBIDW Bulp|ing

s|pLid}pw Buip|ing ui abn.iols uoqin?)




50 HS 22 Data Compilation: Photovoltaics and Solar Thermal Energy

Chair of Architecture and Construction Annette Gigon 51
HS22 ETH Zurich Mike Guyer

DATA COMPILATION
PHOTOVOLTAICS
SOLAR THERMAL ENERGY
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PLANNING TOOLS AND LINKS

Untitled (Singer Choir/ Chorus), William Kentridge, 2013
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Ubakus

“Ubakus Berechnung * Schicht Beipiele + Anieitungen Forum + Ubakus + -9 e konto

Name der Konstrukio

men [Reduine toiaton ] [ J'c [s0 % Luteuchigeet [Roi]

Von e nach st Bote  Asmd s ) v
1 [kakaipsputz m o7 10 10
2 [seton amiert (1%) mm D 23 s E10)
3 [Stenwoll Fassagendammpatte v | [220 |mm ot =
4 [kalgementputz v |[15 |om 1 1613 O
I m

[ Jrm
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Beton armiert (1%) (200mm)

https://www.ubakus.com, accessed March 2022

SIA 2040 Effizienzpfad Energie

Rechenbhilfe SIA 2040: Vorstudie / Vorprojekt (mac-fihige Version zu Schuiung ken) Auswertung
Projektinformation 0
Objekteingaben Geschossflache GF 1 m2 Zone 1 Wohnen
Energiebezugsflache EBF 1 m2 Zone 2 ...
Zone 3 ...
Primérenergie Treibhausgas- Primérenergie
nicht erneuerbar emissionen gesamt (inkl. emeuerbare)
KWh/m? kg/m? KWh/m?
Gebéude Neubau/Umbau Richtwert Projektwert Richtwert Projektwert Richtwert Projektwert
Erstellung 30 13 9.0 3.3 35 14
Betrieb 60 30 3.0 15 140 43
Mobilitat 30 4 4.0 0.7 35 4
Zielwert Projektwert 120 47 16.0 5.6 210 61
Zusatzanforderung 90 43 12.0 4.9 175 57

Informativ: Nur fir den
Zusammenhang zur Methodik
der 2000-Watt-Gesellschaft
relevant. Vgl. Anhang C, SIA
2040

Ihr Projekt ist auf gutem Weg die Vorgaben des SIA-Effizienzpfad Energie zu erfiillen.

https://www.energytools.ch, accessed August 2021 (Image: Screenshot in Excel)
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Baukonstruktion
Lebenszyklusanalyse
A01 AuBenwand tragend Fliche: 96.36 m? 1209
331 Tragende AuBenwand | CAALA_Hochlochziegel (24 cm) v 100% —s
Info %
335 AuBenwandbekleidung auen archenschalur v o]
Info i
14em G,
0% i il
336 AuBenwandbekleidung innen | CAALA_Gipsputz, Raufasertapeten, Anstrich v Gwe oop POCP AP EP PENRT PERT
Info e
Herstellung+Austausch+E nisorgung +Recycling
Gesamtstarke: 44,40 cm U-Wert: 0,198 350%
300
A03 Dach Flache: 201.07 m*
250 %
361 Dachkonstruktion CAALA_Stahlbeton (20 cm) v
200%
info
150%
363 Dachbelage | CAALA Betonplatten, XPS-Dammung, Kies, Abdichtung v
100 %
Info
Dsmmung (XPS-DAmmMURg)
| % .
10
am H =
GWP oDP POCP AP EP PENRT PERT
364 Dachbekleidung | CAALA Gipsspachtet v — Batriob
Ergebnisse
. Zurticksetzen & Akwalisieren WOKECOTAGUITS  OGOKERIL-AGWMS  OOCAEEhenAGWT  aOkESOZAGWM  eokEPOLAGUTII  DNMKWNTS  DenkWhITES

https://caala.de/blog/alpha-version-0-97, accessed August 2021
Talk by Philipp Hollberg about CAALA for A4F Munich https://www.youtube.com/watch?v=rOKIUu42XLs

Hive

#‘ — — — e 1 |
. ,‘ F= . ‘ Solar Gaing per Window (KW}
’ L ‘ = || . :
B - !

@) Sohtion completed in -2.5 ceconds (30 ceconds 390)

,“\\\.‘, ‘ /
A ./

https://systems.arch.ethz.ch/demonstrators/hive, accessed August 2021
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A/S Knowledge Platform
Chair of Architecture and Building Systems ETHZ

ETHziirich

= Moodle Q. Youare currently using guest access (Log in)

= KIS Knowledge Platform

A/S Knowledge Platform

Sections ,
Home / Courses | ETH / D-ARCH / Notreftedto  semester / A'S Knowiedge Piatorm
& Resources
Retiies ,
# Home
Welcome
- § . -
SAWTRACL AR TR RAL P « AFAR
v S35 0 : - ;
Py G & Ve 4 U a3
o1he Char of Achiecture and Blding Systems. The Chair supply and ventiaion
Systems,renewable energy technologies, thermal comfor, indor i quay, and tegrated systems ot on buling an on urban scaes
On s Moodie plaonm,you wil i allkinds o resources for your persanal projects, a3 wel a the possibity o ge incontactwih ou team. Browse through the
Tescurees beow a mrove your il vt
Firs time on our &S Knowledge roet prop possivilyt getn contact with s and
check outour Video-tout
Integrated Design Toolbox Case Studies Lecture Courses
Workflow (\
N \)'/
Appointments Vertiefungsarbeit Satisfaction Survey
Getthe mobie app

Poiicies

Track foaure.

Moodle Board, Chair of Architecture and Building Systems, Prof. Dr. Arno Schliiter:
https://moodle-app2.let.ethz.ch/course/view.php?id=11917 (retr. March 2022)

M ate ri a I pyra m i d The building material pyramid Byggemateriale pyramide

Kg CO2/m2 material Kg CO2/m2 materiale

EPD's (SO
GWP-analyser udarbejdet pa baggrund af EPD's (1SO 15804) Phase A1-A3 production.

16

A —2kg cOZhG e
G

13

1 -2 kg CO2/kg material

https://www.materialepyramiden.dk (accessed August 2021)

Comment by chair Gigon / Guyer:

The disposal phase is left out here, which is why biogenic building materials appear as a (permanent) CO, sink.
However, the binding of carbon in components ends after the usage phase.

This must be taken into account when comparing to LCA in Swiss context, see KBOB list. See also pp. 48-49.
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Building component catalog

[ NON T4 ] Nicht sicher — bauteilkatalog.ch ] [+] th (ull

BAUTEILKATALOG.CH . - o’

HOME | INFORMATIONEN ‘ FUNKTIONEN ‘ MY BAUTEILKATALOG.CH | KATALOGE FRANCAIS ‘ LOGOFF
w ‘Wandkenstruktionen (hemogen)
W05 werk, 1 E hinterliiftet
Ausflhrung Glaswelle p 30 [kg/m3], d 0.18 m, A 0.04 WimK e
Einsck inmauerwerk, AL | dmmung hinterliftet. Diese Baukonstruktion ‘é

Beschrieb ist homogen und weist metallische Befestigungselemente auf. Der U-Weri-Zuschlag befindet
sich im Warmebrickenkatalog

Bauteiltyp B1Wand gegen Aussenklima

Graue Enargie
MJim? a, KBOB/eco-bau/lPB Version: 2018-in Bearbeitung

0.20
0.23

13.70

Nr. |Material / Schicht Schichtdicke Lambda Amortisationszeit Masse Erstellung Entsorgung Total pro Jahr
m WimK a kgim?* MJim? % MJim? % MJim® a Y%
Gips-/Weissputz 0.01 0.7 30 15.0 23.06| 4% 1.68 &% 0.82 6%
[ Mauerwerk-BN 12.5 cm [m2] :] 0125 044 &0 133.8 317.70) 51% 2468 B85% 571 42%
[ ] 018 BN 004 40 54| 24588 39%| 133 5% 6.18|  45%
[ |Distanzschraube 380mm [Stk] 0 0 40 0.3 16.90 3% 0.00 0% 0.42 3%
M |Holzlatte 30/80mm [m1] 0 0.13 40 13 218 0% 0.12 0% 0.08 0%
B |Massivholz Fichte / Tanne / Larche, luftgetrocknet, rauh 0.024 0.13] 40 1.3 19.25 3% 1.10 4% 0.51 4%
B |Zuschlag AU W/m2K vgl.fv. WB-6.2-U2 (axb=0.5) AU 0.03 0 40 0.0 000 0% 0.00 0% 0.00 0%
167 624.87 90%_ 13.70)  100%

‘Graue Energie

13.7
Schichten

13.7
Phasen

www.bauteilkatalog.ch, accessed August 2019

More links und calculators:

https://www.energieschweiz.ch/tools/solarrechner/
https://www.carboncare.org/en/co2-emissions-calculator.html
https://www.wwf.ch/de/nachhaltig-leben/footprintrechner
https://www.atmosfair.de/en/standards/emissions_calculation/
https://www.atmosfair.de/en/offset/flight/
https://www.myclimate.org/
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POWER AND ENERGY
(TERMINOLOGY, ORDERS OF MAGNITUDE)

Philips lightbulb 60W
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POWER

Power as a physical quantity refers to the energy converted in a period of time in relation to this period
of time. Its symbol is usually P, the Sl unit is watt with the unit symbol W.

The watt is the unit of measurement used in the International System of Units (Sl) for power (energy
conversion per period of time). It was named after the Scottish scientist and engineer James Watt. The
watt is a derived unit. It can be derived from the basic units kilogram (kg), meter (m) and second (s):

kgm’

1W=1
8’

In the physical and technical context, the term power is used with different meanings:

1. as installed or maximum possible power

(characteristic of a device or system; also called nominal power)

2. as actual performance in an application

(either as the power supplied or as the power delivered in terms of the task).

The power consumption and the useful power output for a specific application can differ significantly
depending on the efficiency or amount of waste heat.

Watt - W 1.5 W - power of the human heart
1.5 W - average power of a mobile phone.
70 to 90 W - energy conversion of a person while sleeping in order to maintain
their bodily functions (basic metabolic rate)
100 to 130 W - a person‘s power level while working in an office

Kilowatt - kW 1 kilowatt = 1000 watts

1367 kW - the radiant power received from the sun perpendicular to the
direction of radiation, at an average distance between earth and sun, without
the influence of the atmosphere, on a square meter of surface (solar constant)

2 to 3.5 kW - power consumption of a typical washing machine

10 to 20 kW - thermal output of a heating system in a single-family home

15 kW - short-term peak performance of a horse (= 20 hp, 1 hp = 0.7355 kW)
20 bis 300 kW - typical power output of a passenger car engine with 27-408 hp

Megawatt - MW 1 megawatt = 1000 kilowatts = 1 million watts (10°)

3 to 9 MW - nominal power of large wind turbines

Gigawatt - GW 1 gigawatt = 1000 megawatts = 1 billion watts (10°)
1 GW - typical nuclear power plant
Terawatt - TW 1 terawatt = 1000 gigawatts = 1 trillion watts (10'?) = 1 billion kilowatts

1.7 TW - average electrical power required worldwide (as of 2001)
44 TW - Power that the earth emits as heat from the mantle and core
Petawatt - PW 1 petawatt = 1000 terawatts = 1 quadrillion watts (10'%) = 1000 billion kilowatts

174 PW - portion of the sun’s radiant power that reaches the earth (about half
of which reaches the earth’s surface)
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ENERGY

The watt hour (unit symbol: Wh) is a unit of measurement of work or energy. While not part of the
International System of Units (SI), it is approved for use with the SI.

A watt-hour corresponds to the energy that a system (e.g. machine, person, light bulb) absorbs or emits
with a power of one watt in one hour. So a 50 watt lightbulb that is lit for an hour uses 50 Wh.

In everyday life, the kilowatt-hour (kWh, one thousand watt-hours) is common and widespread. In this
unit, mainly electricity, but also heating costs are billed and recorded with measuring devices such as
the electricity meter or heat meter.

Unlike the unit kilometers per hour, which is written km/h because it is divided by the hour, no “/”
should be written for the kilowatt-hour kWh because it is multiplied by the hour. A spelling “kW/h” is
therefore wrong.

The watt-hour is derived from the Sl unit joule:
1 joule = 1 Ws (watt-second)
1 Wh = 3600 Ws (watt-seconds) = 3600 joules = 3.6 kilojoules (kJ).

The unit watt-hour is mostly used with the decimal SI prefix kilo (e.g. in electricity bills).

1 kilowatt-hour (kWh) =1 kW - 1 h = 1000 watts - 1 h = 1000 Wh = 1000 W - 3600 s
= 3.6 - 10°J = 3.6 megajoules (MJ)

For example, if a photovoltaic system with an output of one kilowatt converts sunlight into electrical
energy for one hour, this corresponds to one kilowatt-hour.

To give the electricity production of power plants or the energy needs of entire countries in more
manageable numbers, one uses the prefixes mega (M), for one million, giga (G), for one billion, or tera
(T), for one trillion of the corresponding unit.

Example: 1000 megawatt-hours correspond to one gigawatt-hour (GWh).

The basic unit of energy in the international system of units is 1 joule (also watt-second).

Named after James Prescott Joule, this unit is used today for all forms of energy, including work and
heat. Like any derived unit, the joule can be expressed in Sl base units.

With the units kg, m and s the following applies:

kgm?

1J=1
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Joule - J

Kilojoule - kJ

Megajoule - MJ

Gigajoule - GJ

Terajoule - TJ

Petajoule -PJ

1 joule = 1000 millijoules

1J=1Ws=1Nm
1J = work of the human heart per beat

4.18 J = heats up 1 g of water by 1 K under standard conditions
(formerly used unit: = 1 cal)

1 kilojoule = 1000 joules

1kJ=0,278 - 10 kWh = 0,3 Wh

4.18 kJ = heats up 1 kg of water by 1 K =1 kilocalorie

38 kJ = physiological calorific value, i.e. the energy content of 1 g of fat that can
be used by the human body £ 9 kcal (kilocalories)

1 megajoule = 1000 kilojoules = 0.2778 kWh

2.3 MJ = physiological calorific value of 100 g of chocolate £ 550kcal

3.6 MJ = 1 kilowatt-hour (kWh) - billing unit for energy such as electricity
consumption, heating output

10 to 15 MJ = averate daily energy requirement of humans, varies according to
age, gender and other factors = 1430 to 3100 kcal

1 gigajoule = 1000 megajoules

1GJ =278 kWh
11 GJ = 3.1 MWh, electricity requirement of a two-person household per year

1 terajoule = 1000 gigajoules

1T)=278 MWh =278 000 kWh
56 TJ = energy released by the explosion of the Little Boy atomic bomb over
Hiroshima (equivalent to 13.4 kt TNT)

1 petajoule = 1000 terajoules

1PJ =278 GWh = 278 million kWh

31.5 PJ = 8760 GWh = 1 gigawatt-year — energy output of a 1 gigawatt power
plant in one year (common year with 365 days)

89.9 PJ = complete conversion of 1 kg of matter into energy (E=m-c?)
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Prefix Multiplier (trad. notation) Exponential English Deutsch
Exa E 1'000'000'000'000'000'000 10'® Quintillion Trillion

Peta P 1'000'000'000'000'000 10" Quadrillion Billiarde
Tera T 1'000'000'000'000 10" Trillion Billion
Giga G 1'000'000'000 10° Billion Milliarde
Mega M 1'000'000 10° Million Million

kilo k 1'000 10° Thousand Tausend
hecto h 100 10? Hundred Hundert
deca da 10 10’ Ten Zehn

base b 1 10° One Eins

deci d 1/10 10" Tenth Zehntel
centi c 1/100 10 Hundredth Hundertstel
milli m 1/1'000 10° Thousandth Tausendstel
micro W 1/1'000'000 10° Millionth Millionstel
nano n 1/1'000'000'000 10° Billionth Milliardstel
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Kiss #12, John Chamberlain, 1979
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