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Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.

Preface

This “Vademecum” with data and tables serves
as a supplement to the reader with background
texts. 
The intent is to convey a basic understanding of
the physical environmental impact of
construction, namely energy consumption and 
greenhouse gas emissions. 
The “Vademecum” offers an introduction to the
life cycle assessment of buildings and aims to
encourage its application and broadening.

Energy

• In the context of sustainable construction, 
the unit of measure for energy is most commonly
kilowatt hour (kWh) = 3,6 Megajoule (MJ)

• Not to be confused with power: watt (W), 
kilowatt (kW) = 1000 W

10 kWh of energy is released when burning approx. 1 m3 of natural gas / 1 l of oil / 2 kg of wood.
The human body converts around 2 kWh of energy per day.
1 m2 photovoltaic with good alignment and good efficiency supplies approx. 200 kWh per year.

Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.

Examples of data questions

• How do building materials differ in terms of
embodied energy, embodied emissions and 
service life? 

• How much energy do photovoltaic surfaces on 
the roof provide? How much on the facade?

• How can existing buildings be energetically
upgraded with minimal use of resources?

• To what extent can building components serve
as carbon storage? 

Context Units and
terminology
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LCA
data

Building materials
and components
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solar thermal

Tools, links, 
etc.

Primary energy

• Primary energy means the energy that is
available with the naturally occurring forms of
energy or energy carriers.

• The non-renewable portion of primary energy is
ecologically significant.

• Unit of measure: kilowatt hour of oil equivalent
(kWh oil-eq)

Renewable primary energy comes from solar radiation (photovoltaic and solar thermal), 
hydroelectric power, wind power, biomass and geothermal energy.
Fossil fuels (hard coal, lignite, oil, natural gas) and nuclear fuels are non-renewable. 

Context Units and
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data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.
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Greenhouse gas emissions

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

• Unit of measure: kilogram of CO2 equivalent
(kg CO2-eq)

The Swiss per capita emissions (incl. imports) is approx. 14 tons per year.
14 t of CO2 corresponds to a volume of approx. 8,000 m³ (cube 20 × 20 × 20 m).
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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Photovoltaic,
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Tools, links, 
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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
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
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Tools, links, 
etc.

kWh Öl-eq kg CO2-eq

Energy carriers (final energy)
1 kWh natural gas ≙ approx. 0,1 m³ 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

Primary energy 
non-renewable

Greenhouse
gas emissions

Environmental Parameters

Example: Energy carriers (siehe S. 26)

In words:
The combustion of 0.1 m³ of natural gas generates 1 kWh of final energy in the heating system. 
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
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 CO2-eq are incurred.
The environmental parameters of PV electricity are determined by the embodied energy and 
embodied emissions of the PV system; they are significantly lower than grid electricity.
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Tools, links, 
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Reference values for comparisons

• Total/absolute
kWh Öl-eq kg CO2-eq

• per area
kWh Öl-eq/m² kg CO2-eq/m²

• per year
kWh Öl-eq/a kg CO2-eq/a

• per area and year
kWh Öl-eq/(m²×a) kg CO2-eq/(m²×a)

• per person, per housing unit, …

Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.
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Further definitions of terms

• «Vademecum» from p. 83
• Reader from p. 316
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terminology
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solar thermal

Tools, links, 
etc.

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 Ökobilanzierung, Berlin 2020, p. 11 (trad. AK)
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Why life cycle assessment?

• 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.
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Tools, links, 
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Example, life cycle assessment:
1 m² exterior wall in construction variants

■ Brick 20 cm – 1 000 kg/m³, λ-value 0.30 W/(m×K)
■ Thermal insulation – 30 kg/m³ (EPS) or 93 kg/m³ (rock wool), λ-value 0.035 W/(m×K)

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)

Context Units and
terminology
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LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.
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LCA example, 1 m² exterior wall
Primary energy non-renewable per year for
• Space heating: ■ natural gas

The heat loss of the wall per m² and year depends on the U-value.
Compared to the uninsulated wall, the “first” centimeters of thermal insulation
have the greatest effect.
In this example, 12 cm of insulation reduces heat loss by around 80%. 
Insulation thickness on “passive house” level (U ≤ 0.1) yields another 12%.
To provide the corresponding heating energy, non-renewable primary energy is
consumed, the amount of which depending on the system efficiency and energy
source (calculation see p. 18).
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LCA example, 1 m² exterior wall
Primary energy non-renewable per year for
• Space heating: ■heat pump
• Embodied: ■brick ■ thermal insulation

Changing the heating system to a heat pump with electricity as the energy source 
allows further savings in non-renewable primary energy, depending on the annual 
performance factor (APF) and the type of electricity generation (here: geothermal 
probe heat pump with APF = 4.0 and grid electricity Swiss consumer mix).
(Uninsulated wall only shown in combination with natural gas heating, heat
pump would be too inefficient here.)
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solar thermal

Tools, links, 
etc.

LCA example, 1 m² exterior wall
Primary energy non-renewable per year for
• Space heating: ■natural gas
• Embodied: ■brick ■ thermal insulation

Primary energy is also consumed for the production/disposal of the building
materials used. Their non-renewable share is called “embodied energy” (see p. 16 
for calculation).
The gray energy is divided by the expected service life (“amortized”; load bearing
structure 60 years, insulation 30 years according to SIA 2032, see p. 17).
This gives annual values that can be compared with the operating energy.
With higher insulation thicknesses, the choice of insulation material in this
example has a significant impact on the overall balance.
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When greenhouse gas emissions are compared in the life cycle assessment, the
differences become even clearer.
With low operating energy consumption, the embodied emissions dominate in the
total balamce. In the present example, no further improvement can be achieved
with the higher insulation thicknesses.
(Uninsulated wall only shown in combination with natural gas heating, heat
pump would be too inefficient here.)

LCA example, 1 m² exterior wall
Greenhouse gas emissions per year for
• Space heating: ■heat pump
• Embodied: ■brick ■ thermal insulation

Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
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Tools, links, 
etc.
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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.
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Sources of LCA data

• Research
• Manufacturer information

(Environmental Product Declaration, EPD)

• Databases
• Switzerland: KBOB (Koordinationskonferenz der Bau-

und Liegenschaftsorgane der öffentlichen Bauherren) 
Tables “Ökobilanzdaten im Baubereich
KBOB / ecobau / IPB 2009/1:2022”

An excerpt is included in this “Vademecum” p. 66–75 
(Yellow highlighting by chair of Annette Gigon / Mike Guyer)
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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!”
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λ value Density
Typical 

thickness
Weight

Primary energy 
non-renewable

Greenhouse
gas emissions

W/(m×K) kg/m³ cm kg/m² kWh oil-eq kg CO2-eq

Reinforced concrete wall 2.20 2 360 20 473 169 73

Structural concrete (without reinforcement) * 2 300 455 80 46

Reinforcing steel, 90 kg per m³ (approx. 1 % Vol.) 7 850 18 90 27

Brick (Swissmodul) 0.30 1 000 20 200 158 53

Insulation brick (Porotherm T7) 0.07 575 49 282 258 80

Sand-lime brick 0.70 1 400 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

Building material / part

Load-bearing construction, 1 m² 

LCA data of selected building materials, 
application-oriented (p. 28–31, excerpt)

For a better understanding, common building materials were selected for the “Vademecum”, and 
their environmental parameters were given for 1 m² component area with typical material thickness. 
In this way, approximate comparisons between materials are possible.
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Service
life

Useful 
energy

kWh

years per year total total

Reinforced concrete 20 cm 60 169 2.8 73 1.2

EPS 35 cm 30 315 10.5 80 2.7

Exterior rendering 30 34 1.1 9 0.3

Space heating 7.5 8.8 3.9 1.9 0.2

total 23.2 18.4 6.1 4.4

Brick Swissmodul 20 cm 60 158 2.6 53 0.9

Rock wool 35 cm 30 121 4.0 33 1.1

Exterior rendering 30 34 1.1 9 0.3

Space heating 7.5 8.8 3.9 1.9 0.2

total 16.6 11.7 4.2 2.5

Exterior wall, insulated, 1 m²
Primary energy
non-renewable

Greenhouse gas emissions

Layers / energy

Reinforced concrete wall
with EPS insulation
(U = 0,10 W/m²K)

Brick wall with 
rock wool insulation
(U = 0,10 W/m²K)

per year

kWh oil-eq

per year

kg CO2-eq
Construction

Exterior building components, approximate LCAs 
(p. 33–37, excerpt)

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
added together. The embodied energy/emissions are amortized over the service life.
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λ value Density
Typical 

thickness
Weight

Primary energy 
non-renewable

Greenhouse
gas emissions

W/(m×K) kg/m³ cm kg/m² kWh oil-eq kg CO2-eq

Brick (Swissmodul) 0.30 1 000 20 200 158 53

Building material / part

Load-bearing construction, 1 m² 

Value from product data sheet (Swissmodul). 1 000 kg/m³
Choose based on requirement/availability. Here: 20 cm

Density times typical thickness (in meters). 1 000 kg/m³ × 0.20 m = 200 kg/m²

Per-kg-value from KBOB table times weight. 0.788 kWh oil-eq/kg × 200 kg = 158 kWh oil-eq

Per-kg-value from KBOB table times weight. 0.267 kg CO2-eq/kg × 200 kg = 53 kg CO2-eq

Calculation example:
from kg to m² component area (per rule of three)
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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 m² brick, 20 cm, primary energy non-renewable

Embodied energy total: 158 kWh oil-eq

divided by 60 years (a)

gives 2.6 kWh oil-eq/a

Calculation example:
From total values to per-year values

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
component is not destroyed before the end of its service life.
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Type Reference / Final energy carrier

Natural gas heating
(condensing boiler)

1 kWh natural gas (HHV) 
≙ ca. 0,1 m³ 

Brine/water heat pump
with borehole heat exchanger(s)

1 kWh electricity
CH consumer mix

Heating degree days, Zurich Fluntern average 2011–2020: 3 125 (K×d)/a

2.08 kWh oil-eq 0.125 kg CO2-eqAnnual perf. factor 4.0

Boiler efficiency 0.9 1.05 kWh oil-eq 0.230 kg CO2-eq

Efficiency Greenhouse gas emissions

Heating system, calculation parameters

Primary energy non-renewable

1. Estimate (rough) of annual useful energy required for heating :
useful energy ≈ heat losses per heating period: heating degree days × U-value × 24 h/d ÷ 1000

Example: component with U-value 0.10, location Zurich Fluntern
3 125 (K×d)/a × 0.10 W/(m²×K) × 24 h/d ÷ 1000 = 7.5 kWh/(m²×a)

2. Calculation of final energy consumption:
useful energy ÷ efficiency of the heating system = final energy

3. Calculation of the environmental impacts
final energy × env. parameters of the energy carrier = env. impacts of heating operation

Example with heat pump:
7.5 kWh/(m²×a) ÷ 4.0 × 2.08 kWh oil-eq/kWh = 3.9 kWh oil-eq/(m²×a)
7.5 kWh/(m²×a) ÷ 4.0 × 0.125 kg CO2-eq/kWh = 0.23 kg CO2-eq/(m²×a)

Calculation example:
Environmental impacts of heating operation

Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.

Such an isolated, component-focused consideration is useful for estimates, but should be placed in 
the context of further optimization approaches: sufficiency, mobility, compactness, orientation, 
window area, etc. may influence the ecological footprint more than the choice of material!
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Insulation thickness: Where is the “sweet spot”?
Example insulated wall + space heating, natural gas
Primary energy non-renewable

Example insulated wall + space heating, heat pump
Greenhouse gas emissions

The example of the life
cycle analysis shows: 
for every insulating
material there is a point
after which the
additional material 
expenses outweigh the
extra savings in heating
operation – depending
on the energy source.

Optimization towards
the lowest primary
energy consumption or
greenhouse gas 
emissions is possible, 
see also the following
graphs and p. 38-41.
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Here is another, dynamic way of looking at it: cumulative environmental impacts over 30 years. 
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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Tools, links, 
etc.
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kg years total per year total per year

Concrete C30/37 276.0 60 48 0.8 28 0.5

Reinforcement B500B 4 x ⌀ 20 41.5 60 207 3.5 63 1.1

Stirrups B500B 6.0 60 30 0.5 9 0.2

total 323.5 – 285 4.8 100 1.7

Timber round ⌀ 32 cm Timber C24 (unglued) 112.2 60 87 1.5 20 0.3

Timber rectangular 20 x 36 cm Glue laminated timber GL24h 94.8 60 146 2.4 32 0.5

Primary energy
non-renewable

Greenhouse 
gas emissions

kWh oil-eq kg CO2-eq

Concrete 20 x 20 cm

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

Type / dimensions Components / material
Service

life
Weight

Load bearing components, approximate LCAs 
(p. 44–47, excerpt)

If the material and dimensions of a component are known, the environmental parameters can be
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.
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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kg/m³ kg C/kg cm kg kg CO2-eq kg CO2-eq kg CO2-eq

Solid timber (hardwood), supporting structure 640 0.491 20 128 10 -28 -18

Bamboo (Glue Laminated Bamboo GLB) 636 0.518 20 127 98 -117 -19

Straw insulation 95 0.409 35 33 5 -24 -19

Biogenic building materials, CO2 sink effect within a time frame <100 years, 1 m²

Building material
Density

Carbon 
content

Typical 
thickness

Weight
Embodied 
emissions

CO2 sink 
effect

Net result

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 CO2 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 CO2-eq) plus CO2 sink effect
(-24 kg CO2-eq) results in net negative emissions of -19 kg CO2-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.)
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kg/m³ kg C/kg cm kg kg CO2-eq kg C kg CO2

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 (Schönthaler) 300 0.150 20 60 22 9 33

Straw (BauStroh) 115 0.368 35 40 4 15 54

Embodied 
emissions

Biogenic building materials, temporary storage, 1 m²

Building material
Density

Carbon 
content

Typical 
thickness

Weight
Carbon 
content

≙ Carbon-
dioxide

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

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 CO2 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 CO2, 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
corresponds to 54 kg of CO2.
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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 m² on each roof surface, inclined 37° south / north

50 m² 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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Tools, links, 
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hori-
zontal

0° 
south

45° 90° 
west

135° 180°
north

-135° -90°
east

-45°

Roof, horizontal 186 – – – – – – – –

Roof, inclined – 219 208 175 133 113 131 171 204

Facade – 154 145 109 63 39 62 105 140

Absolute yields in kWh/(m²×a)

Cell type Placement

Silicon, monocrystalline

kWh/(m²×a), for different orientations (degradation included)

LCA example, PV and solar thermal energy
Photovoltaics, energy yields (p. 54–55, excerpt)

Yield of roof inclined south: 100 m² × 219 kWh/(m²×a) = 21 900 kWh/a 

Yield of roof inclined north: 100 m² × 113 kWh/(m²×a) = 11 300 kWh/a 

Yield of south facade: 50 m² × 154 kWh/(m²×a) = 7 700 kWh/a 

Yield of north facade: 50 m² × 39 kWh/(m²×a) = 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). 
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
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.

hori-
zontal

0° 
south

45° 90° 
west

135° 180°
north

-135° -90°
east

-45° hori-
zontal

0° 
south

45° 90° 
west

135° 180°
north

-135° -90°
east

-45°

Roof, horizontal 0.18 – – – – – – – – 51 – – – – – – – –

Roof, inclined – 0.14 0.15 0.17 0.23 0.27 0.23 0.18 0.15 – 38 40 48 63 75 64 49 41

Facade – 0.24 0.26 0.34 0.59 0.97 0.60 0.35 0.27 – 66 70 94 162 265 166 97 73

2.08 125
Benchmark
1 kWh final energy, grid electricity 
from Swiss consumer mix

Placement

Primary energy non-renewable

Cell type

Greehouse gas emissions

kWh oil-eq/kWh, for different orientations

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

Silicon, 
monocrystalline

g CO2-eq/kWh, for different orientations

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%.

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

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

Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.

hori-
zontal

0° 
south

45° 90° 
west

135° 180°
north

-135° -90°
east

-45° hori-
zontal

0° 
south

45° 90° 
west

135° 180°
north

-135° -90°
east

-45°

Roof, horizontal 0.07 – – – – – – – – 17 – – – – – – – –

Roof, inclined – 0.04 0.05 0.06 0.10 0.13 0.10 0.07 0.05 – 11 11 16 25 33 26 17 12

Facade – 0.07 0.07 0.10 0.15 0.20 0.16 0.12 0.08 – 17 18 26 37 50 41 29 20

variable variable

Greehouse gas emissions

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

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

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

Flat-plate collector 
for hot water, MFH

Collector type 
and application

Placement

Primary energy non-renewable

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

For hot water, the heat pump operates with an annual performance factor (APF) of approx. 2.0. 
Calculation example roof inclined south, useful energy for hot water (approx.): 
Greenhouse gas emissions of PV electricity 38 g CO2-eq/kWh ÷ APF 2.0 = 19 g CO2-eq/kWh.
So the value of the solar thermal system, 11 g CO2-eq/kWh, is better in comparison.

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.

Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
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.

Context Units and
terminology

Life cycle
assessment

LCA
data

Building materials
and components

Photovoltaic,
solar thermal

Tools, links, 
etc.
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		  DATA COMPILATION
BUILDING PARTS

BUILDING ELEMENTS

Charles-Édouard Jeanneret on the Acropolis, near a collapsed column at the Parthenon, September 1911 
Photo: August Klipstein ©FLC/ADAGP
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DATA COMPILATION
PHOTOVOLTAICS

SOLAR THERMAL ENERGY

Surface of the Sun, Wavelength 171 Ångström. NASA Solar Dynamics Observatory 2014
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KBOB LCA DATA TABLES
(MARCH 2022, EXCERPT)

Karin Sander, XML-SVG/ Sourcecode, Datascape Laboral, 2014, Photo: ©Marcos Morilla
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HS 22 Planning Tools

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

PLANNING TOOLS AND LINKS
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SIA 2040 Effizienzpfad Energie

https://www.energytools.ch, accessed August 2021 (Image: Screenshot in Excel)

Ubakus

Hive

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

https://systems.arch.ethz.ch/demonstrators/hive, accessed August 2021

CAALA

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=rOKlUu42XLs
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Comment by chair Gigon / Guyer: 
The disposal phase is left out here, which is why biogenic building materials appear as a (permanent) CO2 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.

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

Material pyramid

A/S Knowledge Platform
Chair of Architecture and Building Systems ETHZ 

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

More links und calculators: 

www.bauteilkatalog.ch, accessed August 2019

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/

Building component catalog
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HS 22  Power and Energy

POWER AND ENERGY 
(TERMINOLOGY, ORDERS OF MAGNITUDE)

Philips lightbulb 60W
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POWER

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

Watt – W

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 SI unit is watt with the unit symbol W.

The watt is the unit of measurement used in the International System of Units (SI) 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):

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.

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

Kilowatt – kW

1 megawatt = 1000 kilowatts  = 1 million watts (106)

3 to 9 MW – nominal power of large wind turbines

Megawatt – MW

1 petawatt = 1000 terawatts  = 1 quadrillion watts (1015) = 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)

1 gigawatt = 1000 megawatts  = 1 billion watts (109)

1 GW – typical nuclear power plant

Gigawatt – GW

1 terawatt = 1000 gigawatts  = 1 trillion watts (1012) = 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

Terawatt – TW

Petawatt – PW

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 SI 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 · 106 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).

ENERGY

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 SI base units. 
With the units kg, m and s the following applies:

Energy
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1 joule = 1000 millijoules

1 J = 1 Ws = 1 Nm
1 J = 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)

Joule – J

1 kilojoule = 1000 joules

1 kJ ≈ 0,278 · 10−3 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)

Kilojoule – kJ

^

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

Megajoule – MJ

^

1 gigajoule = 1000 megajoules

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

Gigajoule – GJ

1 terajoule = 1000 gigajoules

1 TJ ≈ 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)

Terajoule – TJ

1 petajoule  = 1000 terajoules

1 PJ ≈ 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·c²)

Petajoule –PJ

μ
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Topic platform for the Master’s Thesis HS 22
DURABILITY AND/OR CHANGE?

«VADEMECUM» – LCA Data and Parameters

Chair of Annette Gigon / Mike Guyer, D-ARCH, ETH Zurich
March 2022 / Revision 06.06.2022 (English translation)

Preparation: Annette Gigon
«Vademecum» (including translation): Arend Kölsch
Reader: Stefan Jos, Arend Kölsch

Reader and Vademecum are based in part on materials for the design course HS 21.
Collaborators: Annette Gigon, Kathrin Sindelar, Moritz Holenstein, Ania Tschenett, Stefan Jos
supported by Arend Kölsch (data compilations building materials and photovoltaics)

Print: Druckzentrum ETH Hönggerberg

With thanks to 
Christof Aerni, Markus Aerni (Aerni + Aerni Ingenieure AG, Zurich)
Dr. Rolf Frischknecht (treeze Ltd., Uster)
Prof. Dr. Guillaume Habert (IBI, D-BAUG, ETH Zurich)
Dr. Illias Hischier (ITA, D-ARCH, ETHZ Zurich)
Prof. Dr. Alexander Hollberg (Chalmers University of Technology, Gothenburg, Sweden)
Gregorij Meleshko (WaltGalmarini AG, Zurich) 
Katrin Pfäffli (preisig:pfäffli, Zurich)
Prof. Dr. Arno Schlüter (ITA, D-ARCH, ETHZ Zurich)

Note: The data compiled here has been processed to the best of our knowledge.
The correctness cannot be guaranteed; the application is at your own risk.
If obvious errors are found, please let us know.Kiss #12, John Chamberlain, 1979
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