Embodied Land

to measure Maximum energy + materials performance
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1. As with kWh for energy, you can indicate materials quantities by

The District of Tomorrow. kilograms , and c.ompare for instance buildings. But what about th.e L MAXergy i 5012
quality of materials? And how to evaluate energy performance with —
their materials impacts? The Questions is how to overcome - ccomneot [N 2010
imperfections of current ways of assessment: ‘
A By avoiding use of weighting factors, to combine different resource ! wros [ 2009
impacts = e
B Not to relate to a ( bad) benchmark, but by indicating the (distance - - _— 2008 iy
to the) ideal situation where both energy and materials impacts are T et [N 2000
compensated within the time of use :
C to evaluate the whole resource chain, not starting from accidently amscanal [N B 1800
availability of resource stocks, like fossil fuels. '" = — ! 5l
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Quantity assessment ; A:total mass perm2, B:renewablemass/m2 C: distanceto 0; non renewable fraction

2. Where do the resources come from in any system? If they come
from inside the system, eventually you will run out of resources. If
you get them from your neighbors, they will run out faster. The only
free resource outside of the system is the sun, sending out radiation
into the system that can be captured and converted into food,
energy and materials. In order to do this, you need land area to
produce a certain quantity and quality over a period of time. That’s
the basis for the MAXergy approach and the Embodied Land
calculation model.*
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“There is no difference between non renewable and renewable: all resources are renewable, only
the route along which they are regenerated differs: by nature or by mankind
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3. The principle of MAXergy is to relate all the resources to the j Material Energy Waterw \
amount of solar input needed to generate these resources via the : "‘i__f___f
land area needed to capture and convert the solar radiation into = o : i
useful resources. In other words, to maximize exergy in a system | e :
and to prevent the loss of exergy (increasing entropy). The
resources used from within the system are therefore required to be froduck ¢
restored again within the lifetime of their use. To do this, land area ------ e
needs to be reserved so that the future availability of the resources — HIE
is guaranteed. The amount of land area involved is referred to as

Embodied Land.
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4. For a building it adds up to:
e The amount of land occupied over a certain period of time needed

Table 1 Energy-input for extraction of metals from. Authors, re-calculated from Bardi (2010)

flax fibres (vias) for 2.000| kg/ha-year Element Totalmass inoceans Mass of seawatertobe  Energyinput(MJ/kg) . )
lomistin patuttl e processed tonslfortby to install solar panels that generate the required energy (x m? year)
flax s nve_"-s or partile 3.000 5 een : x10° ¥ ; 3 .. . I . . .
S Urniam 425610 303759 27 * The amount of land used for growing crops that are used in building
fiax linseed for linoleum 1.500 Vanadium  2.47x10° 525.597 4.730.375 ) . 7
4000 Cadmium  1.43x10° .095.477 81.859.296 materials like wood, hemp, flax, bamboo, etc (y m?-year)
lroof reed (dry) 6.500 Gold 1.43x10° 90.800.000 817.200.000
o s i 64x10° 3.566.667 100.00 i i
ghoep o s e Vot 235 e * The Embodied Energy to process the materials and the land area to
TR 10.800 Magatiste. 5l 2500000 22500000 generate this required energy.
Ibamboo 36.000 Zinc 6.50x10° 200.000 1.800.000 h f . I d t I t d b I I t th
H ' uminium  1.30x10° .000. .000. ®

0-materials house b 128 Chromium 2600 5000000 45000000 The use of minerals and Metals are compensated by calculating the
e - S SR energy, in land and time, to reproduce/restore the mineral/metal
s 1.000 Comat 507 e S from a dispersed sink like seawater

“Materials (and energy resources) are not sustainable or un-sustainable: Its their use, , and their
impact in time and space, that decides if their use is sustainable or not .”

100% biobased house

Example 1 MAXergy house Example 2 beams compared

The 4™ house to be constructed in the District of Tomorrow, will be optimized met versie 1.0

by MAXergy and Embodied Land calculations. The total embodied land for this e A S R Sedees iy .

building, per m2 floor , is 5,62 ha-year. If we take only the fraction of T —_——————yye g
0-exergy house renewable materials ( 82% of the building) the EL per m2 floor is 0,08 ha-year . weolbau |55 — 58 D = —

The Embodied Land for the embodied energy in the materials, per m2 floor, is
0,000929 ha-year or, 9,29 m2-year . The operational energy is 0,000053 ha-
year, or 0,53 m2-year ( half a m2 solar panel per m2 floor) : If the lifetime of
the building is 50 year, it could be divided by 50, to be reproduced over 50
years. Except Operational energy: which is

permanent needed: it shows that after

20 years operational energy

equals embodied energy

in land use. **

A basic way to use Maxergy is to compare for instance the use of
a wooden beam versus a steel beam (this way only materials
impact are evaluated, no operational energy). The table shows:
primary land use for harvesting material , the land use related

to process energy(embodied energy), based on multi crystalline
solar PV panels, and the land use for generating ener
restore the iron use. Note that the cycle in both cases is a
closed cycle: the depletion of wood is compensated by the
primary land use for regrowing, the depletion of steel is
compensated by the energy for the return route via seawater. (
It s in fact a valuing factor for depletion of resources, usually
ignored) It also shows-in fact all materials are renewable, only
ﬁ the route differs: natural or by human ( =natural...) interference
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* thereis also a little bit of gravity you can use sometimes in hilly areas).
** these calculations are made by version 0.9. Which had not included the impact of PV panel production, both for operational energy as for embodied energy in
construction materials, this is added in version 1.0 and increases the outcomes.
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