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01 Introduction

Linear economic model

Circular Economy
better resilience
minimizing waste

Impact

~31%

raw material consumption

~60%

waste generated

~30%

water consumption

8 bil 9.7 bil
world world
population population

2023 2050



01 Introduction

Paris Climate Agreement
2050 Net Zero
2030 43% reduction

Current Building Stock
will be 2/3 of total in 2050

1% Deep energy retrofits / year?

1. European Commission. Directorate-General for Energy. (2014). Financing the energy renovation of buildings

with cohesion policy funding.

2. Caloia, F., Jansen, D.-J., Koo, H., van der Molen, R., & Zhang, L. (2022). Real estate and climate transition risk: A financial
stability perspective (Occasional Studies, Issue. https://www.dnb.nl/media/cniottiu/web_134119_os_real-
estate_and_climate.pdf

Impact

~30%

global final energy consumption

~40%

global primary energy
consumption

~42%

CO2 emissions

65% 35%

operational construction
emissions emissions
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02 Problem Statement

Introduction of Product Service Systems (PSS)
Deviates from the conventional ownership
Consumer paying for access to a product's utility
Maintained ownership by provider
Separate value creation from resource use



02 Problem Statement

Building Facades’
Big determinant in energy efficiency and user comfort
40% initial expenses
90% in transformation projects

1. Dall'O, G., Bruni, E., & Panza, A. (2013, 12/01). Improvement of the Sustainability of Existing School Buildings According
to the Leadership in Energy and Environmental Design (LEED)(R) Protocol: A Case Study in ltaly. Energies, 6,
6487-6507. https://doi.org/10.3390/en6126487



03 Research Question

Main question:

“HOW DO FACADE PRODUCT SERVICE SYSTEMS (PSSs) OFFER VALUE TO SEMI-PUBLIC
REAL ESTATE OWNERS?”
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04 Methodology

Action Research
Not positioned at any involved stakeholder or external market party.

Engagement in non-planned or off the record meetings.
Cycles of planning, action, observation, and reflection.
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Literature review

SQ1: What are Facade Product Service Systems (PSS)?

SQ2: What are current methodologies for valuing Fagade Product
Service Systems?



What are PSS?

Pure Product Contfent Pure

Product Service Content Service

Any combination of a
product and a service
that fulfil customer needs

Fig. 1 Tukker, A. (2004). Eight types of product—service system: eight ways to sustainability? Experiences from SusProNet.
Business Strategy and the Environment, 13(4), 246—260. https://doi.org/https://doi.org/10.1002/bse.414
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Payment >50% PRODUCT
allocation

Type 1. INPUT

BASED
Payment Productrelated Servicerelated
allocation payments payments

At moment of When component is When component is When peaformance

Payment purchase and at available Used cirteria is met
Structure completion of service
Utility Purchased Commonly leased
accessed
Owner Building owner PSS provider / Bank
of product vilding ow Provi
Maintenance PS§ Prpvider / PSS Provider
and operator Buillding Owner
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Payment
allocation

Type

>50% PRODUCT

1. INPUT
BASED
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Payment
allocation

Type

>50% PRODUCT

1. INPUT
BASED

A \‘I
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What valuation methodologies are there?

1 - Tota
2 — Tota
3 — Tota

Cost of Ownership / Life Cycle Cost method
Value of Ownership / Whole Life Cost method
Value of Use



What valuation methodologies are there?

Whole Life Cost
(WLC)

Non-construction
cost Life Cycle Cost

(LCC)

Externalities

-

TCO
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What valuation methodologies are there?

Whole Life Cost
(WLC)

Non-construction
cost Life Cycle Cost

(LCC)

Externalities

-

TVO
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PSS

PROVIDER
TOTAL VALUE OF ACCESS

—
Consfruction Scheduled Fre CEra o Decomissioning
Costs Maintenance gy P Cost
Design & Engineering Unscheduled Management .
Owner Costs Maintenance Costs BEeeliEtes]
Major Replacement Administration
Cosfs Costs Selvege Velue

Technical Upgrade
Costs

TCO 22



PSS
PROVIDER

Real Estate
Owner

TOTAL VALUE OF ACCESS

CapEx FACTINDG NG

T T =hiedule d I
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sign & Ergresma =
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Revenue

Finanacing

Inflation Risk

Property Appraisal
(Loan collateral)

Contingencies

Material Depletion

C02 Emissions

User Comfort /
Performance

Opportunity Cost

Renovation
Speed

Downtime

Goodwil / Branding

TVO
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PSS

PROVIDER

TOTAL VALUE OF ACCESS
Real Estate
Owner
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PSS
PROVIDER

Real Estate
Owner

Consfruction
Costs

Design & Engineering
Costs

Scheduled
Maintenance

Unscheduled
Maintenance

Major Replacement
Costs

Technical Upgrade
Costs

N
________________n____________________

Management Decomissioning
Costs Cost

Administration ReuEs ik
Costs

Residual Value

Finanacing

Confingencies

TVU

Energy Consumption Revenue

Inflation Risk

Property Appraisal
(Loan collateral)

Material Depletion Userr Cenmiterii
Performance
P Functional
C02 Emissions Rexibilty

Opportunity Cost

Renovation
Speed

Portfolio
Flexibility

Downtime

Goodwil / Branding
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Methodology

Empirical
Research

Case studie & Expertinterviews

SQ3: What are
the drivers for
semi-public real
estate owners to
use fagade
PSSs ?

SQ4: What
challenges do
semi-public real
estate owners face
when using fagcade
PSSs ?
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05 Case Study
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05 Case Study

! I:g

1. Basic Functions 3. Supply Functions 4. Advanced / Profit-generating Functions
ot t Mechanical Ventilation M P )
Het ] ) e [Pass Purificatic
Cooling ) (Fe product
(De)Humidification Syster
F Electricity Adaptable facades (eq. U-Value)

Artificial Lighting
Communication

Fig. 2 Azcarate-Aguerre, J. F., T. Klein and A. C. den Heijer (2016b). Integrated Fagades as a Product-Service System: An
innovative business model for the implementation of Circular Economies in the construction industry. Delft, Delft
University of Technology
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M
|| | i

Civiele Techniek en
Geowetenschappen (CiTG)

East Facade

* 1960s

* 66,500m2 GFO
« 2018

* PSS (attempted)
« 2600m2 facade

30



Case Study

Monitoring and control system

Tracks system information such as:

- Status of sun-shading and windows.

- Operating cycles of engines and actuators.
- System failure reports.

Enables central operation of
systems for optimum energy
performance according to interior
user comfort monitoring data.

Passive night-cooling Sun-shading

Automated, centrally-operable
windows for passive summer
night-cooling and general

Automated sun-shading and
glare protection

ventilation.
New, high-performance facade system
Windows Aluminium framing
(U-value = 1,65 W/m'K)
Manually-operable windows HR++ double glazing
with position monitoring to (U-vake = 1,1 W/m*K)
relate energy performance Aluminium sandwich panel with
and user behaviour. PU insulation (U-value = 1,1 W/m*K)
QR-code Existing structure
Tracks product information such as: B
- Component and material data Steel-relgfut_)lrtreqdco;;zt'e.
- Date of construction and installation Bl -
- Maintenance and upgrade schedule.

- Legal and economic ownership.

Fig. 3 Azcarate-Aguerre, J. F., T. Klein, A. C. Den Heijer, R. Vrijhoef, H. D. Ploeger and M. D. I. Prins (2018). “Fagade
Leasing: Drivers and barriers to the delivery of integrated Facades-as-a-Service.” Real Estate Research Quarterly
17(3).



05 Case Study

CiTG Leasegevel 2.0

Civiele Techniek en
Geowetenschappen (CiTG)

West Facade

* 1960s

* 66,500m2 GFO
« 2023-24

« PSS (attempted)
« 2600m2 facade
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Product - Ciskin

Totaal grid gereed

Maken van frames
voor transport

Ankers stellen

Vloerrand afwerken met
isolatie en folie

Montage gevelelementen Crid vullen met modules

Afwerking aanbrengen

33



PSS Contract

2 THE SOLUTION - CiSe Participation Agreement cise

CiSe Participation
Agreement

Includes

>

Participation of service providers and financiers in any PaaS
proposition

Allocation of rights and responsibilities of these participants
Adherence to circular economy principles through Code of Conduct
Standardized financing option 2 made attractive for any type of
funder (anyone can invest)

Financing terms always subject to terms of the CiSe Participation
Agreement

Pre-set acceptance of step-in and security arrangements for
financiers

No longer the need to incorporate new special purpose vehicles or set
up new separate bank accounts for each PaaS proposition because
of de iure limited course arrangement agreed in the CiSe
Participation Agreement

34



Drivers CiTG 2.0

_ack of capital and uncertainy of future available capital
mproved solvability and lending capacity

ncreased speed of renovation of portfolio and, sustainability and
circularity goals

Financiers readiness and upscalability potential
Increased strategic flexibility (functional, durational)*

35



Barriers CiTG 2.0

Contract uncertainties and building value appraisal
Loan against entire portfolio

36



Barriers CiTG 2.0

Contract uncertainties and building value appraisal
Loan against entire portfolio

User comfort, Energy performance and CO2 emissions inherent
to the facade

Interest rate 2,95% treasury banking and 6% commercial rate
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Barriers CiTG 2.0

Contract uncertainties and building value appraisal
Loan against entire portfolio

User comfort, Energy performance and CO2 emissions inherent
to the facade

Interest rate 2,95% treasury banking and 6% commercial rate
Financial lease vs operational lease
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Barriers CiTG 2.0

Contract uncertainties and building value appraisal
Loan against entire portfolio

User comfort, Energy performance and CO2 emissions inherent
to the facade

Interest rate 2,95% treasury banking and 6% commercial rate
Financial lease vs operational lease
Cognitive readiness

39
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3 Scenario’s



Full PSS

Payment PRODUCT
allocation

Type

| I
I I
Segregated : :
| |
I I
I I

Fully-integrated

Circular facade (Ciskin) Lease
Full service maintenance contract



PSS - Purchase

Payment PRODUCT
allocation

Type 1. INPUT

Segregated

Fully-integrated

Circular facade (Ciskin) purchase
Full service maintenance contract



Business as Usual (BaU)

Payment PRODUCT
allocation

Type 1. INPUT

Segregated

Fully-integrated

Non-Circular facade
Build and let decay maintenance



How does the use of a facade PSS compare to traditional facade

renovation procurement?

€9,500,000.00

€7,500,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€(500,000.00)

B Maintenance

60 year period, € in NPV

€7,900,000.00

Facade PSS

B Operational

B Financial

Whole Life Cost

€7,180,000.00

€2,350,000.00

PSS Purchase

Hincome B Externdlifies (Carbon emission savings)

€1,660,000.00

Business as Usual

B Value Added Taks
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Sensitivity analysis

BaU OWN PSS

Accelerated O years 0 years 0 years 5 years 10 years

Max '€ 22.500.000 € 8.000.000 € 9.100.000 € 8.500.000 € 7.600.000
Mean € 9.600.000 € 7.500.000 € 7.900.000 € 7.300.000 € 6.500.000
Min € 6.900.000 € 7.000.000 € 6.600.000 € 6.100.000 €

Parameters

Aluminium index rate
Loan Interest rate
Risk premium on maintenance

Accelerated renovation 6



Decision tree

BaU OWN

Accelerated O years 0 years 0 years 5 years 10 years
2 7.600.000

Max € 22.500.000 € 8.000.000 € 9.100.000 € 8.500.000

Mean 9.600.000 € ) € 7.900.000
Min )00.000 ¢

PSS Project portfolio
interest rate (4,5%)
available?

Accelerated renovation
possible? (>5 years)

Accelerated renovation
possible? (>5 years)

Maintenance Risk
premium >20%?

Maintenance Risk
premium >10%?

PSS Purchase Facade PSS

47



Sensitivity analysis

€9,500,000.00

€7,900,000.00

€7,500,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€(500,000.00)

Facade PSS

B Maintenance B Operatfional  ®Financial

* 10% Risk premium maintenance

Whole Life Cost

€7,500,000.00

€2,590,000.00

PSS Purchase

Hincome B Externdlifies (Carbon emission savings)

€9,230,000.00

€1,660,000.00

Business as Usual

B Value Added Taks
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Sensitivity analysis

€9,500,000.00

€7,900,000.00

€7,500,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€(500,000.00)

Facade PSS

B Maintenance B Operatfional  ®Financial

20% Risk premium maintenance

Whole Life Cost

€7,820,000.00

€2,830,000.00

PSS Purchase

Hincome B Externdlifies (Carbon emission savings)

€1,660,000.00

Business as Usual

B Value Added Taks
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« Accelerated renovation provides opportunities
CiTG casus:

+ €50k p.a. Energy reduction

€50k -150k operational CO2e cost reduction
(ETS 2.0 price development)
Early access to improved indoor climate

50



Sensitivity analysis

€9,500,000.00

€7,900,000.00

€7,500,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€(500,000.00)

Facade PSS

B Maintenance B Operatfional  ®Financial

* 10% Risk premium maintenance

Whole Life Cost

€7,500,000.00

€2,590,000.00

PSS Purchase

Hincome B Externdlifies (Carbon emission savings)

€9,230,000.00

€1,660,000.00

Business as Usual

B Value Added Taks
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Sensitivity analysis
Whole Life Cost

€9,500,000.00

€7,320,000.00

€7,500,000.00

€7,500,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€2,590,000.00

€(500,000.00)
Facade PSS PSS Purchase

B Mainfenance B QOperatfional ®Financial ®Income B Externalities (Carbon emission savings)

* Renovation accelerated 5 years and 10% risk premium

€9,230,000.00

€1,660,000.00

Business as Usual

B Value Added Taks
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Portfolio scale can reduce interest rate and
thus the financial costs

A reduction to 4,5% could see a competitive
NPV

53



Sensitivity analysis
Whole Life Cost

€9,500,000.00 €9,230,000.00

€7,500,000.00
€7,500,000.00 €7,350,000.00

€5,500,000.00
€3,500,000.00

€1,500,000.00

€2,590,000.00
€1,660,000.00

€(500,000.00)

Facade PSS PSS Purchase Business as Usual

B Mainfenance B Operatfional ®Financial  ®income B Externalities (Carbon emission savings) B Value Added Taks

* 4,5% Interest rate years and 10% risk premium 54



Sensitivity analysis

Whole Life Cost

€9,500,000.00

€7,500,000.00

€7,500,000.00 €6,770,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€2,590,000.00

€(500,000.00)
Facade PSS PSS Purchase

B Mainfenance B QOperatfional ®Financial ®Income B Externalities (Carbon emission savings)

4,5% Interest rate and 5 years accelerated renovation

€9,230,000.00

€1,660,000.00

Business as Usual

B Value Added Taks
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Decision tree

€ 22.500.000 € 8.000.000 € 9.100.000 € 8.500.000

BaU OWN
Accelerated O years 0 years
Max
Mean € 9.600.000 € 7.5
it i

0.000 € 7.900.000

0 years

5 years

10 years
7.600.000

PSS Project portfolio
interest rate (4,5%)
available?

Accelerated renovation
possible? (>5 years)

Maintenance Risk Maintenance Risk

premium >20%? premium >10%?

PSS Purchase

Accelerated renovation

Facade PSS

possible? (>5 years)

56




The model is a simplification of reality. While
extensive it does not incorporate all
elements

The Energetic savings and the carbon emissions
have been used to visualise the potential impact
and are not a complete reflection of practice

57



PSS provider

1,200,000

1,000,000

800,000

600,000

400,000

200,000

(200,000}

PSS Provider Cashflow

17

19 21 23

N Cashflow

Hme s m B eislm _
31 33 35 37 39 41

Cashflow (cumulative)

43 45 47 49 5]

53 55 57 59

61
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PSS provider

1,200,000

1,000,000

800,000

600,000

400,000

200,000

(200,000}

15

PSS Provider Cashflow

17

19 21 23

N Cashflow

Eensnfaolsons Belsginl.0nnulislicinld
29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

Cashflow (cumulative)
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PSS provider

PSS Provider Cashflow

1,200,000
1,000,000
800,000
600,000

400,000

200,000

. e e e e m e m e m m e - Eensnfaolsons Belsginl.0nnulislicinld
3 5 7 9 11 13 15 17 19 21 23 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61

(200,000}

N Coshflow Cashflow (cumulative)
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How do facade PSS offer value to semi-public
real estate owners?

Achieve improved indoor climate, and energy performance and reduce carbon emissions
and material consumption and do so accelerated

“Circular” facades hold high value in comparison to traditional facades” Deviate from build
and decay methodology

Full PSS contracts can be interesting depending on available capital and interest rates
PSS Contracts offer flexibility through its modularity if used in the strategy

The benefits of a facade PSS are based on the CiTG case study and are not directly
applicable to other cases. However they can be used as lessons learned
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Conclusion

Whole Life Cost

€9,500,000.00 €9,230,000.00

€7,350,000.00
€7,500,000.00 €7,180,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€2,350,000.00
€1,660,000.00

€(500,000.00)

Facade PSS PSS Purchase Business as Usual

B Mainfenance B Operatfional ®Financial Bincome B Externalities (Carbon emission savings) B Value Added Taks

 Purchase is most favourable, but comes with risk



Conclusion

€9,500,000.00

€7,350,000.00

€7,500,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€(500,000.00)
Facade PSS

B Maintenance B Operational

Can turn out higher than BaU

B Financial

Whole Life Cost

€7,180,000.00

€2,350,000.00

PSS Purchase

Bincome B Externdlifies (Carbon emission savings)

€9,230,000.00

€1,660,000.00

Business as Usual

B Value Added Taks
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Conclusion

Whole Life Cost

€9,500,000.00

€7,500,000.00
€7,500,000.00 €6,770,000.00

€5,500,000.00

€3,500,000.00

€1,500,000.00

€2,590,000.00

€(500,000.00)

Facade PSS PSS Purchase

B Mainfenance B QOperatfional ®Financial ®Income B Externalities (Carbon emission savings)

4,5% Interest rate and 5 years accelerated renovation

€9,230,000.00

€1,660,000.00

Business as Usual

B Value Added Taks
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QUESTIONS?
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