INTEGRATION OF SUSTAINABILITY

ANALYSES INTO BUSINESS MODELS
FOR ENERGY RENOVATION OF

BUILDINGS: A CASE STUDY IN NORWAY

Roberta Moschettil, Helge Brattebg?!, Kristian S. Skeie?, Anne G. Lien?

LIndustrial Ecology Programme, Department of Energy and Process Engineering,
Norwegian University of Science and Technology (NTNU), Trondheim, Norway

2 SINTEF Building and Infrastructure, Trondheim, Norway

onal Co-owners
\

o [nternati
|uou§$ o L - ﬁ @ E'?S:-,iiSBE o g m “*’ il
Susninable Buk Envranmert: Canforencs ‘I RERRE J ) & Tt v

& Y-



BUSINESS MODELS and
SUSTAINABLE BUSINESS MODELS

A Business Model is

“A conceptual tool aiming to express

the business logic of a firm/project”

Osterwalder et al., 2005

A Sustainable Business Model is

“A business model that tries to incorporate

the triple bottom line approach,

typical of sustainability analyses”
Bocken et al., 2014

Business Model
framework
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Value proposition:
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Value capture: m Ro
Cost structure and revenue streams
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BUSINESS MODEL CANVAS

Key Value Customer
Activities Proposition Relationships
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Source: Osterwalder, A. & Pigneur, Y. (2010). Business Model Generation:
A Handbook for Visionaries, Game Changers, and Challengers
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SUSTAINABILITY and
SUSTAINABILITY ANALYSES

Sustainability analyses

m allow assessing the overall

—T T T TT performance

(environmental, economic and social)

of services or products, during
the whole life cycle.

Society
Environment
Economy

p—

» Life Cycle Assessment (LCA)
Related
TOOLS:

 Life Cycle Costing Analysis (LCCA)

« Social Life Cycle Assessment (S-LCA)
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BUILDING ENERGY RENOVATION PROJECTS

EXISTING BUILDINGS

<

High sustainability-related
Impacts during the whole
life cycle

ENERGY RENOVATION
PROJECTS

Implementation of energy efficiency measures in the building
envelope and/or the technical building systems.

&

« Improvement of energy performance,;
 reduction of utility bills and maintenance costs;
« Improvement of wellbeing;

* etc.




RESEARCH QUESTIONS

B L

How can the sustainabllity i

level of a building energy %@:’-‘A‘Emm

. . . o How?
renovation project be defined? ~ éwz"s

How can quantitative g
sustainabllity results be R I

- - -

integrated into business SHERE S
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models for such project? wm;fw
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METHODOLOGICAL APPROACH

Theory/
State-of-the-art i

Source:

R. Moschetti, H. Brattebg, Sustainable
business models for deep energy
retrofitting of buildings: state of the art
and methodological approach.

In proceedings of SBE16 Conference,
Build green and Renovate deep, 5-7
October 2016, Tallin&Helsinki.

Also in Energy Procedia (2016), pp. 435-
445,
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Sustainability analyses

Business models for € -
deep energy retrofitting of existing buildings i
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Choice of case-studies

l Information

- Case description

- Definition of packages of renovation
measures

- Analysis of decision context and
involved actors

F_e-e_c]back

l SOA and actors” involvement

- Choice of sustainability performance
indicators

4
1

- Choice of computation methodologies

l Data

Redefinition

Sustainability performance analyses,
calculations, trade off, and assessment -----

of results

Recommendations on SBMs for the
case-studies and similar projects, and -
suggestions on how to make useofa |
quantitative approach in BMs definition




CASE STUDY

SEOPP: Systematic energy renovation of small houses in the
period 1960 — 1990, in Norway.

SEOPP — )

SeOPP Systematisk EnergiOPPgradering av smahus fra 1960 - 1990

HOVEDSIDE  FORSKNINGSPROSJEKTET PARTNERE DEMOHUS

[ e e

OPPGRADERING AV 60-TALLSHUSET OPPGRADERING AV 70-TALLSHUSET
Prosjektet: SEOPP demo-huset i Oslo er ferdig planlagt, og byggearbeidene I Prosjektet: SEOPP demo-huset i Bergen er ferdig planlagt, og byggearbeidene
startet i januar 2016. Huset er bygget pa 60-tallet, og skal bli toppmoderne! I startet i mars 2016. Ogsa her skal det totalrenoveres for modernisering.
. rrr rr 5 rr rrrrrr r|

http://seopp.net
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CASE STUDY BUILDING

Before the renovation project

/ RENOVATION MEASURES:

* New internal layout with floor
area extension;

« upgrade of the building

envelope;
gEsas °© bathroom renovation;

4" « new external drainage;
« exterior/interior painting;
new mechanical ventilation
system with heat recovery;
new electric radiators;
new electric floor heating;
new clean burning wood stove.
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BUSINESS and DECISION CONTEXT

Value proposition:

Deep energy renovation of the house, with possible reduction of
energy/operating costs and overall improvement of the house
functionality.

Measure implementation:
Individual solutions by several service providers

Business model drivers:
Economic incentives covering part of investment costs

Network of actors
SINTEF MESTERHUS @

L HUNTON
Active choice of a set of performance

[TINorDari sola .. _
Indicators to evaluate, covering all
*RATIO o BYGGMA : - : :
= sustainability dimensions, through a
3 enova nsoenken - UG STIONNAITE
= FLEXIT https://docs.google.com/forms/d/e/1FAlpQLSeqb15n4bfP5falVM5VF1g2fQsNOF

TkHqg-LePZ2J301Qn4vKQ /viewform



https://docs.google.com/forms/d/e/1FAIpQLSeqb15n4bfP5fa1VM5VF1g2fQsN0FTkHq-LePZ2J30lQn4vKQ/viewform

LIFE CYCLE ASSESSMENT

Environmental indicators:

« Climate change (kg CO, eq.)
 Non-renewable primary energy (MJ)

Main assumptions:

Life phases: construction,
operation, end-of-life
* Impact assessment method:

L ) : : :
EE PD] + Ecoinvent Database 3 ReCiPe & Cumulative
E e ) . _ energy demand
R SimaPro§ :

Life span: 50 years
« Electricity mix: Nordel

Declaration

Operation phase

« Space heating :
- Dynamic energy i;?,!lmlcr:
(eIeCtrICIty + 20% WOOd fuel) SImU|at|0nS Indoor Climate and Energy
- Domestic hot water J 3 _
* Ventilation e SR
+ Lighting and electric g(tgnld;gii\ls U Tfali=
appliances : -

—~( 65




LIFE CYCLE COSTING ANALYSIS

Economic indicator: Global cost Where:
_ Vi () C; (1) : global cost
Coyi (J) far U C, : initial investment cost
=Cr + 4 K
! Z Z (147) 1+ | C,;i () : annual cost for component |

V¢, ()) : final value of component |
r : real interest rate
7 . calculation period

==
- Main assumptions:

Life phases: construction
and operation

 Real discount rate: 4%

« Life span: 50 years

{*) For calculation at macroeconomic level only
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RESULTS:
'ENVIRONMENTAL & ECONOMIC INDICATORS

Non-renewable
primary energy

(MJ-10"Y/m?2)

Climate change I
(kg CO, eq./m?)
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¥ Investment costs Replacement costs ™ Maintenance costs ™ Energy costs
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RESULTS: OVERALL PERFORMANCE

Climate change

ORLNW,A~,OOIOONO

Global cost

s

Non-renewable
primary energy

Computation of further indicators

Thermal
comfort

Indoor CO,
level

Comparison of different scenarios 0: BEST
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CONCLUSIONS and OUTLOOK

» Life cycle environmental and economic assessment of an energy
renovation project => discussion on how results might be integrated
Into business models of these projects.

* A new methodological approach for sustainable business modeling in
the building field.

« Focus on how the project could propose, create, and capture value,
In a triple bottom line perspective and based on quantitative results.

Future research work:

« Benchmark values for performance indicators;

« Other energy efficiency projects, e.g. nearly zero-energy buildings
(nZEB).

—\{ dg l Organisers [nternational Co-owners
S .l | CONSTRUCTION [ 1 \ Craa A
A 2 L EE. ofa | B disee & mane & MYz

WORLD S.sssnabie Buk Enronmert Gonforons. s mERmE g UK



Thank you
I |

Questions, comments and suggestions

are welcome!

roberta.moschetti@ntnu.no
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