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EU residential building GHG emission and reduction rate from
2008 to 2017
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Barriers to residential building retrofit rate

Property features

Non-standard building
shape

Restriction to the
external wall

Conflict with the
surrounding buildings

Householders’
preference

Emotional attachment
Householders’ value

Pre-existing preference

Installation time

Complicated
refurbishment work

Limited spare time

Inefficient
communication

Willingness to pay

Large retrofit expense

Insufficient funding
from government
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i [taly 8635 31178
mw Lithuania 21323 15445 19103 29420

Netherlands 3993

Poland 4941 3771 7215 12025
mmm Czech Rep. 19088 10973 17487 25031
mam Germany 17679 7989 20532 42188
mmm Romania 7477 5789 7477 11578
mmm Sweden 27044 25057 28113
-4-EUS8 18933 9734 14289 26381

Barriers to residential building retrofit rate

Willingness to pay




SUSTAINABLE B University of
PLACES Nottingham
Cagliari, Italy UK | CHINA | MALAYSIA

Motivations for building energy-related retrofit

!mprove the . Reducing energy
indoor Energy saving bills cost
comfortable level

Government legal

Improve the value :

of fhe roperties regulations for the Influence of peers

- finaEciapI m minimum EPC Q and the next
grades to sale or generation.

investment
rent
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Human-based

 Human-based inclusive retrofit (HBIR) approach

inC USiVG to residential buildings means that each
. individual buildings and its” stakeholder is
retroft (—| Bl R) valued and they are treated with dignity and
respect.
approach
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Strategy
& Energy saving potential; Installation time
Investment; Payback time; Comfort level

Householders value
Willingness to pay
Building information

Hiring
Requirements

Co-operation
among
householder,

Decision-making
Funding

Strategy

designer,
contractor, and
bui|ding Householder

A
&

Contractor

Acceptance Implementation

check




Principles for
HBIR

approach

No assumption in the building basic
information

Deep understanding on the
motivations/expectations of the
householders

Bridge the relationship between the retrofit
service with the householders to better
understand their values and preferences
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HBIR approach process

Step 1 Step 2 Step 3 Step 4 Step § Step 6

Multi-criteria : .
~ optimization to select lmplt-m:‘t'l:- of
fast and residents mmm

friendly retrofit ing
options at building technolagies

A. Infrared thermograph

B. Rapid in-situ U-value measurement by heat flux method

C. innovative pulse technique

D. human behaviours survey

E. Questionnaires or interviews: motivations and expectations of the householders

Fast measurements technologies for pre-retrofit site inspection
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HBIR approach process

Step 1 Step 2 Step 3 Step 4 Step § Step 6
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HBIR approach process

Step 1 Step 2 Step 3 Step 4 Step § Step 6

|r T m
ESP = Z Zs;”xﬁ(r}
=0 = = min—p, ESP + pu,IT — u;NPV + u, PBT
ESP: Energ;_/ saving pptent_lal IT = TiX) Wt + g+ =1
IT: Retrofit installation time ) = = T ESP = a
5.1, n m [ 1]
NPV: Net present value P M e R T, X, VX (0) = wTP
) NPV = M_ZZV}XJ(O)
PBT: Payback time (1+d)t i 4 PBT <c
t=1 i=1 j=1 ) ) ) _
P I _ I ol )
noym V' X(0) Siv1 = [F(S1,52,°57)
PBT = chon e R Hui st
\ t=1 Z?:lz?ilsfrxf (D! /T

Xij (t) : Alternative interventions (i, j, t), with the j! type alternative retrofit options for
the it type interventions in the t™ year, which is simply called alternative (i, j, t).
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Step 1 Step 2 Step 3 Step 4 Step § Step 6

° Multi-criteria _
Comfort level Implementation of
; rgy tefiniti A ~ optimization to select It t Sensit
Pre g site o baskc _ fast and residents dvity
fspaction encrgy consumpiion friendly retrofit RCU v SHtnmnt
: options at bullding technolegles

Cycle of ‘off-site
manufacture & on-site
assembly’ retrofit
Implementation
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‘Future-fit’
retrofit
technologies

* Definition:

* The ‘future-fit’ refurbishment technologies are
defined as appealing and acceptable technical
solutions to householders and neighbours, which is a
negotiation between the technical requirements and
the expectation of the residents, to not only fulfil the

short-term retrofit requirement, but also fit for
future further retrofit requirements.

* Features:

» Appealing and acceptable to householders

» Adaptive to existed construction of the property
» Available to future extended refurbishment

» Maintaining the building characters

» Fast installation



Technologies review

Future-fit retrofit Economic
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U-value: 1,10 W/m?k; Electricity generation efficiency: 7.1% (under
solarirradiationof 850W/m2) Self-cleaningcoat; thickness:28mm; ++ Prefabrication
greatest temperature difference:12.70°C.
Electricity generation efficiency: 4.3% (under solarirradiation of
1000W/m2); U-value: 0.8 W/m2:k; thickness: 12mm; 33% spectral ++++ Prefabrication
solartransmittance
More than 50% vol. sillica aerogel Thermal conductivity: 0.016 W/ m:all\lvailable both interal and external e Pafubtiation
Thermal conductivity: 3.9-4.2 mW/m.K(Fumed silica-VIP);
Vacuum insulated panels Cullulosic nano-crystal (CNC)/Fumed silica porous material W/m-k,11.7-13.6 mW/m.K (CNC-VIP) Minimum thickness 5Smm, 444 Prefabrication
service life span 60-160 years
Biomaterial Interior Wood fiber board, flax fibers, hemp fibers, jute fibers, and sheep Low thermal conductivity: 0.05 W/m-K, High moisture diffusivity:

Heat insulation solar transparent a-Si PV module; nano coating for low reflection; nano
glazing windows (HISG) TiO2 photocatalyst coating; high reflectivity insulation film

Semi-transparent
Photovoltaic-vacuum
glazing
Aerogel-enhanced
plasterboards

Cadmium Telluride (CdTe) based PV cells; low-e coating; vacuum
glazing

Modul
thermalinsulation wool 1.1x10°-1.2x10° m?/s adtomr
. Refrigerant: R410A, heat pump exchanger contacted with airin  fixed outlet water temperature of 75 °C, annualsystem COP with 2.03
air-water heat pump / ) : A ot Modular
one side, and water in anotherside (lowest), 2.24 (highest)
Total surface area of the :4.22 m? ted power:
DX-solar assisted heat Refrigerant: R407C, solar thermal dynamicpanels as the i c s pere s compresso: el w.e :
um evanoratorof the heat pump. hot water storage tank 800W, maximum hot water outputtemperature: 60°C, COP varied s Modular
pump P pUmp, g from 3.0 to 3.91 under solar radiationvaried from 0 to 200 W/ m?
Ground water-source heat Ground water heat exchanger as the evaporator or condenser of average cooling COP: 3.66 (winter), average heating COP: 4.13 e Modutar
pump the heat pump (Summer)
Thickness:4mm
Solar roof tiles Ergosun Solar roof tiles Electricity generation efficiency: 15% ++++4+  Modular/prefabrication

+

Differentcolour options
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ase study

Modular EPC cooler
Prefabricated Hot water and dohumldlflor

DX-SAHP unk
Prefabricated bio- vacuum glazing \
aerogel panel + natural window + heat .
finish coating recovery unit m

Solar
thermodynamic

Prefabricated
heat insulation
solar PV glass

1
prefabricated | Prefabricated
passive heating L 1 PCM panel +
pipes - natural finish N— - : N
n n coating (a) Left side (b) Front side (c) Back side (d) Right side
n T Thermal
— GlHp (T pipes

Prefabricated PCM panel + Prefabricated heat
natural finish coating insulation solar PV glass
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