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1 Introduction

1.1 Motivation

On September 29, 2017, the Madaster platform was launched. From this public online library, a
digital materials passport can be generated for every real estate object. As a result, Madaster
provides insight into which materials have been used in a building and in what quantities. Madaster
gives materials an identity so that waste streams can be eliminated, and in doing so Madaster
contributes to the transition towards a circular economy.

In addition to documenting the materials in a building, Madaster aims to give the documented
materials a financial value. This financial value counts as personal characteristics such as date of
birth or place of birth for a 'personal' passport. The rationale behind it is that to stimulate circular
economy a financial trigger must be present. Therefore, in the financial tab, the residual value of
materials is calculated. This data can be used, among other things, for making circular propositions
in the market. Where now demolition-related depreciations of building owners are estimated based
on feeling and key figures, the financial tab can determine more precisely what the final value is
based on material value as an absolute minimum value. As more detachable and sustainable
materials are built, the residual value becomes higher. Thus, the financial module is a driver for the
circular economy and translates circularity into money.

For banks, investors and other property owners, determining a terminal value is important for a
number of reasons. First, knowledge of the buildings’ composition reduces the risk factor for
demolition-related write-offs. In addition, the material value of a building can be representative of
the terminal value of a building. This end value can provide a more positive business case when
making the investment decision at construction or when purchasing the building. In this way,
circularity is linked to residual value and thus to money. Through the financial tab, Madaster
enables the market to seize opportunities for new business models.

1.2 Scope and assumptions g

Within the scope of the financial tab are material, product, and MMA Portfolio

shearing layers. The building value and shearing layers’ value C kel

represent the sum of the material and product values. With the - D

material value, the lowest grade of recycling and the last level Bl Suidine

for reusing material is approached. The product level C D

valuation is most likely a higher for the materials are Q’D Ei:‘;;ﬁ of

manufactured into a functional unit. Product value is C D

represented by the reuse value of products, which may consist

of multiple products themselves. - Product

For example, an air conditioning unit can be considered a C o D =

product, just the outside cabinet can be considered a product, 0P vaterial E

or the screw that secures it to the wall can be considered a C D

product. Hence, the definition of a product is flexible. x. §|Zemm;s?| %
&
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2 Theoretical principles

2.1 Material value

2.1.1  Material

The material value is determined by taking the commodity value or market value of materials as the
basis. This value is then reduced by the correction factors. These correction factors represent the
cost of extracting the materials from the building, which are:

Demolition and dismantling costs
Additional transport costs to the processor
Processing and machining costs
Correction for size of raw material flow

The formula for calculating the material value of one specific material at t=0 is:

Wk1it=0 = (Wga — Fra1— Friz2 — Fra3) * Fraa

where:

WK.1;t=0 Value of material K.1 at time t=0

Wk.1 Value of material K.1

Fk.1.1 Correction factor 1: Demolition and dismantling costs

Fk.1.2 Correction factor 2: Additional transport costs to the processor
Fk.1.3 Correction factor 3: Processing and machining costs

Fk.1.4 Correction factor 4: Correction for the size of the raw material flow

2.1.2 Correction factors

2.1.2.1  Demolition and dismantling costs

The demolition and dismantling costs for a building are currently assumed at predefined Dutch
standards per m? GFA (Gross Floor Area). These costs are divided among the materials based on
volume.

The formula for this is as follows:

FK.l.l;t:x — (TSDKGebouw / Mgebouw) * MK.l) * (1 a le.l) * ibdb;t:x

Where:

FK.1.1;t=x Demolition and dismantling costs of material K.1 at time x
TSDKGebouw Total demolition and dismantling costs of a building
Mgebouw Total mass of the building

LIk.1 The looseness index of the material

ibdb ; t=x BDB index from t=0 to t=x
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2.1.2.2 Additional transport costs to the processor

The additional transport costs to the processor are calculated using the following formula:

€
Fg12 it=x = Averwerker * * linflatie ; t=x
km/kg

Where:

FK.1.2; t=x Additional transportation costs to the processor at t = x
AVerwerker D Distance to processor (see Chapter 3.2.2)

iinflatie ; t=x Inflation from t=0 to t=x

2.1.2.3  Processing and machining costs

FK.1.3 it=x — KVerwerker * l'iirtfnfcutie s t=x
Where:
FK1.3;t=x Processing and machining costs at t = x
KVerwerker Processor cost per kg (see Chapter 3.2.2)
iinflatie; t=x inflation from t=0 to t=x

2.1.2.4  Correction for size of raw material flow
In development
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2.1.3  FutureValue

Knowing the value of the materials within a building at t=0 is already very innovative and valuable.
However, itis even more valuable to know the net present value (NPV) of the materials in a building,
assuming that a building layer is dismantled when its functional life is over.

To determine the future value of the materials, it is important to know whether a material is
increasing or decreasing in value and how fast this is happening. To determine this, only the data
from the past was looked at in the most objective way possible. This historical data from commodity
prices is corrected for inflation and exchange rates in order to obtain the fair value. Using the fair
values from the past, a trend line is drawn towards the future. This is done using the regression
analysis called “least squares method”.

This method is applied per material. To then calculate the net present value of the material family,
the net present values of the different materials are added up. The process diagram, explaining how
a net present value was arrived at, is shown below.

Default waarden:
Inflatie
BDB index (lses)
Discontovoet (D)

Hoeveelheid (Qmat1)

i
i
| Netto contante waarde
} materiaalfamile 1
! materiaal 1 (NCW1)
Correlatiematerix Materiaalspecificatie: |
Product- / materiaalnaam e - Matertalfamilie j Netto contante waarde NCW Materiaalfamilie
S e | materiaalfamilie 1
- Nominale waarde (Vnom) } materiaal 2 (NCW2)
- - Waardemutatie (Vm) i Netto contante waarde
Prijsdatabases : materiaalfamilie 1
! materiaal n (NCWn)
|
sloopkostendatabase b ]
Transportkostendatabase
bewerkkostendatabase

2.1.4  Product Value
In development
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3 Sources
3.1 Materials

Material €/kg | Historical prices
LDPE flake Supply & Demand
LDPE pellet Supply & Demand
LLDPE Supply & Demand
HDPE Supply & Demand
PP homopolymer Supply & Demand
PP copolm Supply & Demand
PVC Supply & Demand
ABS natural Supply & Demand
ABS black Supply & Demand
PA 6 natural Supply & Demand
PET crystal clear Supply & Demand
PC crystal clear Supply & Demand
PBT natural Supply & Demand
POM natural Supply & Demand
PMMA crystal clear Supply & Demand
Material €/kg Historical prices
Aluminum LME

Copper LME

Zinc LME

Nickel LME

Lead LME

Tin LME

Aluminum Alloy LME

NASAAC LME

Steel Billet LME

Steel Scrap LME

Steel Rebar LME

Cobalt LME
Molybdenum LME

Gold LME

Silver LME

Palladium LME

Platinum LME
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Material €/kg Historical prices

Hardwood log 0,18

B-wood 0,18

Softwood log 0,18

Cork 1,00

Material €/kg Historical prices

Concrete Granules = 0,0035 |Interview BRBS & GBN

Mixing Granule 0,0030 |Interview BRBS & GBN

Ceramics 0,05 Sand Complete

Asphalt granules 0,0075 Hellinga

Plaster 0,024 Cobouw Construction Costs

Gravel 0,016 Cobouw Construction Costs

Asbestos 0

Material €/kg Historical prices

Flat Glass 0,19 Addition of material prices of the composition
Material €/kg Historical prices

Wool source | https://www.quandl.com/data/ODA/PWOOLC USDCoarse-Wool-Price
Rubber source https://www.quandl.com/data/COM/WLD RUBBER TSR20Rubber-TSR20-kg
Cotton (airtight) source| https://www.quandl.com/data/COM/COTTON-Cotton-ICE
Sand 0,033 Average price from different sources

Material €/kg Historical prices

Unknown 0,00

3.1.1 Pricingapproach

Some material prices are not found as commaodity prices. This is often the case with materials that
have a local market rather than a global one. An example is minerals. These materials are worth
relatively little but are costly to transport. As a result, there is no national, European or global
market. The price was therefore determined locally based on supply and demand. An average price
for this was found out on the basis of interviews.

The price of flat glass was determined by ordering the raw materials for glass per ton. Based on the
purchase prices, a value of €0.19 per kg emerges from the inventory.

For the material family “Wood” the calculations were based on the calorific value of wood. The
downcycling scenario, i.e. incineration, was thus taken as the starting point. The calorific value is
setagainst an average energy price of 3.5 cents. This is the average price of energy of 2017 excluding
tax, delivery costs etc.

The price of sand was determined based on a comparison of a number of providers. The remainder
of the prices are based on community prices from various world markets.
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https://www.quandl.com/data/ODA/PWOOLC_USDCoarse-Wool-Price
https://www.quandl.com/data/COM/WLD_RUBBER_TSR20Rubber-TSR20-kg
https://www.quandl.com/data/COM/COTTON-Cotton-ICE

3.1.2  Correction factors
Starting points for the correction factors are as follows:

Demolition and dismantling costs are based on Dutch standards
Transport costs are €0,00048 per kg per km

(the table below shows which materials travel which distances)
Treatment and processing costs for plastics are €0.75 per kg
Machining and processing costs for metals are 35% of the value
Other material specific machining and processing costs are as stated

Transport distances

Plastic Metals Wood Stone Glass Organic
150 150 50 20 150 150
Hardwood log €0,05

B-wood €0,10

Softwood log €0,10

Concrete Granules €0,007

Mixing Granule €0,007

Plaster €0,015

Gravel €0

Asbestos €0,23

Flat glass €0,20

3.2 Products
In development

3.2.1  Product Value
In development

3.2.2  Correction factors
In development
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4 Madaster Financial module

4.1 Start page
MADASTER GEBOUW: THE ARC

GENERAL J0SSIER SERS B B 5 PROCES: R R FINANCIAL PPS
e croves [ avess or ssano [

MADASTER FINANCIAL MODULE

The Madaster Financial module was developed to measure and optimize the residual value of buildings

during the design phase of a building. The circular economy is based on the one hand on the closing of the 1000/0
material cycle and on the other hand on the closure of the economic cycle. The Madaster Financial Module

visualises the value of the materials and products at the time of construction and the value at the time of

demolition. The module consists of 5 valuation levels, namely: Portfolio (under development), Building

under development), Layers of Brand, Products (under development) and Materials. Via the graphs below (% of elements with

known materials)
you can click through to the relevant valuation level. The detailed overviews per level show how the

financial calculation was made. Value is only determined on the known materials.

MATERIAL GROUPS LAYERS OF BRAND
B e 53845 &Bea0902.12
Current value NPV value end of life

4.1.1 Whatdolsee

On the start page of the financial module, the top left corner contains a brief explanation of the
financial tab and the different levels at which it was measured. On the top right is the percentage to
which the model was correctly linked to the materials known on Madaster. Below is a dashboard
showing the value of the different materials within the building and in which building layer this
value is located. From the start page you can navigate to the detailed view: “material groups” and
“building layers”.

4.1.2 Whatdoesit mean

Materials known

The round figure at the top right shows how many materials have been identified. Meaning: The
proportion of volume of materials identified according to the materials on Madaster for the financial
tab in relation to the total volume of materials in the building.

Material groups

The chart on the lower left shows the value of the material groups. The value shown here is the
current value of the materials. When hovering over the bars in the chart, the current value of the
sum of materials in the respective material family appears.
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Building layers

The bottom right graph shows the net present value of the various building layers based on
functional life. The future value of the materials is calculated back to today using the discount rate
which can be changed on the detail page.

4.2 Material groups
MADASTER GEBOUW: THE ARC

GENERAL R FINANCIAL

&

MATERIAL GROUPS
% NPV Cumulative

MATERIAL OVERVIEW
@ SENSITIVITY ANALYSIS
L Parameters (default value)
1 Qua co !
Tota 283kt €213382 €45,438 2.17% MORE INFO
.’:f; one 229kt €55,954 € B,024 1 MORE INFO
Stone
Ao 215t €006 - : woRE 10
Eiood 3235t €6,598 €2,604 MORE INFO
gpasric 186.97t €116,810 € 38,791 4.26% MORE INFO
[%gu aanic 247.98t €8,003 MORE INFO

42.1 Whatdolsee

The material groups page shows how the material value of material families develops over time.
Above the graph, the various material families can be switched on and off by clicking on the
respective group. The future value is calculated according to the formulas described in chapters 1,
2, and 3. This means that they are calculated on the basis of the historical value. Inflation is not
included in the valuation towards the future. The future value is therefore the fair value of the
materials. The column next to fair value shows the adjusted nominal value of the materials. This
value doesincludeinflation and the BDB index. In addition, the correction factors have already been
deducted from the material value. This last value can be seen in the graph.
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MADASTER GEBOUW: THE ARC

GENERAL FINANCIAL

é
METAL, STEEL
]
DETAIL OVERVIEW @
Qua 4
O Total €0/k v
O I k v
teel 3554t €0.34/k 470 v
O Tit ki € ki v

4.2.2  How was this calculated

The value of the families of materials is determined by adding up the values of the materials within
the families. The value of the materials is determined as described in chapter 2. When the “more
info” button is clicked, a screen appears with further explanation of this value. The graph in the
detailed view of a material family also shows the historical price series when a material is clicked
on. Thisis shown as a solid line. A trend line is drawn through this, which is represented by a dotted
line. The red dotted line is the corrected nominal value of the material. This has been corrected by
the correction factors inflation and BDB index.

4.2.3 Whatdoesit mean

The total value of the product groups added together represents the material-level value for the
entire building. The course of this value is shown in the graph. This does not yet include the discount
rate. The value shown is the nominal value in the respective year.

4.3 Detailed view products
In development

Page 12



4.4 Building layers
MADASTER GEBOUW: THE ARC

GENERAL SSIE E E C S FINANCIAL
&

LAYERS OF BRAND

ﬁ NPV Cumulative
€40,389.62

BUILDING LAYER OVERVIEW

SENSITIVITY ANALYSIS
Brand Expiration year cash Value Mutation (to wew
layer flow expir: 2021) hew Parameters (default value)
Site 74 €15,222 € 30,2 322 € 3,396 MORE INFO
m Structure 74 €344,617 €479,548 263.08% €53,812 MORE INFO
L skin 43 ‘ €38,52 13.72 €9,052 MORE INFO
™ ADJUST
[ Services 24 €0 €0 0% €0 MORE INFO
7] Space plan 19 €5,215 €656 ; €374 MORE INFO
0 Stuff 14 €0 €0 0% €0 MORE INFO
? Unknown -1 €0 - - - MORE INFO

441 Whatdolsee

In the building layers page, the future value of materials at the end of their functional life was
calculated. This is then discounted back to the present day using the discount rate. The
assumptions for future value are, as described in chapter 2, based on historical price series which
have been corrected with macro-economic effects by deduction of inflation and exchange rate.
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442 How was this calculated
The net present value of a material flow with a given functional life is calculated by calculating the
material value from t = functional life back to t = 0. This is done according to the following formula:

NWonateriaal xopt=Lf
NCWmatcriaalstroom xopt=Lf = (1+d?b)

Where:

NCWmateriaalstroom x op t=Lf Net present value of material flow x based on technical lifetime

NWmateriaal x op t=Lf The nominal value of material flow x at the end of its functional life
D Discount rate
t time

443  Whatdoesit mean

The different cash flows are put in time in this overview. That is, each material is removed from the
building at the end of its functional life. From that year, the value of the material is calculated back
with time effects calculated to t = 0. This results in the net present value of the various cash flows.
The sum of these net present values is the net present value of the various material flows over the
maintenance period of the building. This value could be decisive for the material choice and is the
most important value in the investment decision.
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