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IEA EBC Annex 56 | Background

In existing buildings, the most cost-effective renovation solution is often a combination
of energy efficiency measures and carbon emissions reduction measures.

So, it is relevant to investigate where is the balance point between these two types of
measures in a cost/benefit perspective.

Question?
How to achieve the best performance with minimal effort?
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IEA EBC Annex 56 | Main Goals

Develop a new methodology for a cost optimal building renovation towards both the
nearly zero energy and nearly zero emissions objective

Identify the optimal balance between the “minimization of demand” and
“generation of renewable energy” measures in a cost/benefit perspective

Minimize QueStionS?
demand

How far it is possible to go with
energy conservation and efficiency
measures (initially often less
expensive measures) and

% reduction

Efficiency and X .
Renewables From which point the carbon
I “““ Target values (PE/GHG) emissions reduction measures
Nearly zero approach become more economical
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IEA EBC Annex 56 | Mlain Objectives

- Define a methodology for the establishment of cost optimized targets for energy
and carbon emissions in building renovation

= Clarify the relationship between the emission and the energy targets and their
eventual hierarchy

- Determine cost effective combinations of energy efficiency measures and carbon
emissions reduction measures

= Highlight the relevance of co-benefits achieved in the renovation process

= Collect exemplary case-studies within the concept of Annex 56 to encourage
decision makers to promote efficient and cost effective renovations

= Characterize and understand the acceptance, motivation, needs, obstacles and
drivers of the renovation process

- Develop/Adapt tools to support the decision makers in accordance with the
developed methodology (including the production of a Renovation Guidebook an
the adaptation of the Danish ASCOT Tool)
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IEA EBC Annex 56 | Scope

- Residential buildings
Single-family houses and multi-family buildings

= Non residential buildings
without complex HVAC systems

Bairro Rainha D. Leonor, Porto, PT

- if relevant and useful information can be
extracted from them

- used to prove the applicability of the ERFIEIESRESSE BSlasiasi=s S g |

developed methodology and tools to other

buildings’ categories (besides residential

buildings)

Primary school — Svazna 9, Brno, CZ
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IEA EBC Annex 56 | Target Groups
Policy makers To define the most appropriate policies, measures and
incentives to put into practice for an effective renovation

strategy

Decision makers (professional owners, investors, promoters)
To make better decisions and choose the best renovation
options that apply to their needs

Multipliers (architects, planners, consultants and professionals of construction and
building renovation industry)
Technical guidance
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IEA EBC Annex 56 | Methodology

- Takes into account country specific situations (like climate, electricity mix,
conversion factors, national energy targets, etc.)

- Allows prioritizing either nearly-zero emissions renovation (NZEmB) or nearly-
zero energy renovation (NZEB) , each with an additional energy or emission goal
that has to be achieved at the same time

= In any situation there is a strong requirement to make sure that substantial
energy reductions must be achieved whatever the priority chosen

= It also evaluates life cycle impacts like embodied energy use and take into
consideration, as much as possible, the co-benefits associated to the renovation
process
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IEA EBC Annex 56 | Methodology

Global
Costs
(€/m?)

Limit of cost-efectiveness

Global costs of cost optimal
renovation scenario

\

* Costs assessed for the building life cicle — 30 years

Reference Scenario (renovation process without
energy concerns ) with identification of global
costs and energy performance of the building

Maintenance Costs*

Energy Costs*

Investment Costs*

N

: 7
| Primary o

Energy performance level of cost Energy Emissions
optimal renovation scenario (kWh/m™.y) (kg COye fa*m?)

or
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Besides energy, emissions and

Package of measures
improving the energy
i . performance of the building

S —
L

Co-benefits Direct benefits
\ /
Added value to
the renovated 2 : I s E
building : Improving overa : i Energyuse
: quality of the : : reduction
i Carbon emissions
: Improving users ¢ reduction
well-being : Life cycle costs
: Economic benefits : : reduction
Effects over %eccccscccsscscscssccsscnsnns ' %eccccscsccsccscscsscssccses
several areas R S R O
of society

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

costs reductions, the co-benefits
are relevant because:

Increase the added value of
the building (relevant for
owners);

have effects over several
areas of society (relevant for
policy makers);

co-benefits can have a
significant value but most often
they are disregarded being the
reason for the underestimation
of the full value of the
renovation works
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IEA EBC Annex 56 | Co-Benefits

- The integration of co-benefits into the
decision making process is difficult

- These benefits are often difficult and
almost impossible to quantify and
Ezz::zz:z:: of g:?/tv";s:t\;s:m measure making it very difficult to
add their contribution into a

Ref.
Pack.

5 .l Insulation of entire building envelope P P P P P

= 9 . ey ® . -

) Intemalshading e N N traditional cost-benefit analysis

=1 1| Replacement of heating system P P P

€ > Replacement of DHW system P

c o Windows replacement P

=2 % Insulation of entire building envelope P P P P P

28 I shadi PN N N h h th di ix h
- Internal shading - Through the case-studies a matrix has
g | Replacement of heating system P P

Replacement of DHW system P been developed in order to correlate

Windows replacement e the renovation measures with the
5| Insulation of roof P P P L. . .
§ Insulation of facades P P PP P Positive or Negatl\le ImpaCtS
=L Internal shading PN N N
& Replacement of heating system P P
Replacement of DHW system P

Legend: - Positive Effect; - Negative Effect
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IEA EBC Annex 56 | Calculations on Generic Buildings
Inputs from 8 European countries (AT, CH, DK, ES, IT, NO, PT, SE)

To develop and support the methodology:

Generic buildings with the prevailing typologies and constructive solutions in each country
have been selected

- Parametric studies were performed on them

- Validation with real case-studies from 6 countries (AT, DK, ES, IT, PT, SE)
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IEA EBC Annex 56 | Case Studies

“Shining Examples” - success stories used for motivation and stimulation purposes

“Detailed Case Studies” — used to test the impact and relevance of different renovation
measures and strategies and to test the developed methodology
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IEA EBC Annex 56 | Shining Examples - Content

Shining Examples Brochure published in May 2014 — 9 Case-Studies from 6 countries

Shining Examples Brochure to be published in June 2015 — 18 Case-Studies from 9 countries

- Project summary

- Energy concept: Insulation,

Kapfenberg mechanical ventilation, solar thermal
Projectsummary Site: Johann Bohm Strafe 34/36

Energy concept: Insulation, mechanical ventilation, solar thermal and PV-system Altitude 2((5)(;5;( apinhelg. Alistia a nd PV-SYStem

Backg d for the tion — Heating 1

The existing residential building was in high need of renovation. The overall intentions were: degree days: 3794 (base temp. 20° C) - BaCkg rou nd fOf the ren OvatIO n-—

Cooling

— 80% energy efficiency — 80% reduction of the energy demand of the existing building degree days: 0

— 80% ratio of renewable energy sources — 80% of the total energy consumption of the renovated reasons
building should be provided by renewable energy sources Owner: ennstal SG
— 80% reduction of CO; emissions — 80% reduction of the CO; emissions of the existing building Architect: Nussmiller Architekten ZT- - Bu i Id i ng envelo pe' heati ng’ ve ntilatio n’
Energy concept: AEEINTEC cooling and lighting systems before and
Building deseription ftypology after the energy renovation

— Built: 1960-1961
— Residential building with four floors

— On each floor sixflats were located - 1
— The living space varied from 20 to 65 m? Energy renovatlon featu res
— Total gross heated floor area: 2845 m?

- Calculated Energy Savings, CO,
reductions and Life Cycle Costs

ennstal SG

Important dates: Beginning of the renovation:
March 2012.

T ot - Overall improvements

Date completed: Dec. 18, 2013

View of existing (small picture) and the renovated building (large picture) (west elevation)

= Summary and Lessons Learnt




IEA EBC Annex 56 | Detailed Case Studies - Content

Renovation concept and strategy
Renovation design details (building envelope, building services)
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Integrated building performance (environmental, economical, socio cultural and

technical sustainability)
Performance Indicators

Improvements and co-benefits
Comparison of different renovation packages

Vorentwurf Johann Bohm Strasse (Laubengang)
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IEA EBC Annex 56 | Detailed Case Studies

total final energy use I total GWP . total NRPE total PE
G . CROR! .
LR | (et saneann syt | = J0 | FOE S S S B H .
£ | [ § a0l Reference scenario
£ F | | Pl M £ ' o with
g e gkl N i | (renovation scenario without
£ A I 3 2k improving energy
) 2 0 . “ o A
- EF T 4, . n performance)
g EN A b A 0 gg? B -, NI égg &
T e | ’ R R Real scenario
4 | H 1
g o - vi-slec g @ R SR (renovation scenario that has
§ o avi-gos 3 N B Ll R :
% 50 " o : 01w .- : been /mp/emented)
E‘ 40 x;...... vl - biom E‘ 40 caode :A ‘ E.
: . 2-cle ¥ ® ‘ < ——— . .
& N £ T — Cost optimal scenario
mv2-gas ! . ! m2-gas
20 S e 20 )
10 2 - biom 10
. 5. v . i L L f
0 : o i » o @ w = % = Renovation scenarios
GWP per year [kg_,, CO,/m*a] Total Primary Energy per year [kWhim?a]

beyond cost optimal

Analyzing real building renovation projects and comparing with alternative scenarios
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Austria — multi-family building

Czech Republic — elementary
school

Denmark — multi-family building

Portugal — two-family building

Spain — multi-family building

Sweden — multi-family building
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IEA EBC Annex 56 | General conclusions

- The cost optimal level does not lead to zero (or nearly zero) energy or emissions
levels. It is essential to go a step further and explore the full potential of the
cost-effective energy related renovation measures

- The optimal renovation scenario for the envelope hardly depends on the type of
heating system

- The improvement of the energy performance of buildings’ envelope within the
building renovation process is essential to assure comfort and prevent
pathologies

= ltis important to act on as many envelope elements as possible. The number of
building elements renovated is more important than the energy efficiency level
of a single building element
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IEA EBC Annex 56 | Draft Conclusions for standard setting and
policy making

Based on these kind of conclusions we are developing the Guidebook with some
recommendations specially targeted to Policy Makers and Professional Owners

Recommendation: Synergies between renewable energy measures and energy efficiency
measures must be encouraged

For building owners: The replacement of the heating system is an excellent opportunity to carry
out renovation measures on the building envelope as well, creating synergies. If carried out
together, the investments in the building envelope result in savings on the investment costs for
the heating system, because the more energy efficient a building is, the smaller can be the
dimension of the heating system

For policy makers: It is recommendable that standards and other policy measures, for example
subsidies, create incentives to combine renovation measures on the building envelope with a
replacement of the heating system, in order to make sure that reductions in energy use and
emissions are achieved most efficiently
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For Technicians and Professional Owners we have adapted the Danish tool ASCOT
The results of the calculations are listed below
ENERGY OPTIMAIZED
Epace heating 1431
Domestic hot water 16,8
Solar heat 0,0
Met heating 160,0 F
Losses from installations 0,0
Total needs of heating kWh/m? year JEILm izations of the reference building. All orange figures can be modified.
Electricity to heat pump 0,00 G DATA WEATHER DATA
Pumps 2,47 ng type O Family hers. E] Copenhaqen GOF E]
Fans 3,16 ed floor area per dwellengs | Ilﬁl?lm’ CURRENCY
FV production 0,00 rer of dwellings 1 DERbeurre 0SS
Met demand KWh/m? 5,64 ver of floor level 1
Met demand x 2.5 KWh/m? year 14,1 height & m
wetri grundplan 2
Cooling kWh/m? year 0.8 0.8 wd basement 03 Easement temp. W ac
. aw areaftreated Floor area 22 south  west north  east
Energy consumption KWh/m? year Eits bution of window area W 40x 15k #E
HEATING LOCATION
Energy requrement kWh/m?* 889
- f— KWh/m? :Z: 66‘6 ! 200 grader (30 = lodret]
- = J— year m5 tation from south I grader (0= =yd)
YOLTAIC LOCATION
RUNNING COSTS PER UNIT ' 200 grader [90 = lodret) Yearly energy consumption. kwhim”
Heat Eu [year 1290 taticn from south 0 grader
Pump+fans Eu [fyear 169
PV production Eu [year 0 JILD/IRENOYATION Nl E] ==
TOTAL RUNNING COSTS Eu fyear - 111 1.459
p
TIONM LEYEL lausinrdlation E] =
TYPE OF CONSTRUCTION | Madinamn by E]
izc 4
WINDOWS | ebipus sniriy s E]
100 =2
HEAT SUPPLY [ Dirvictbasting =] cen
TYPE OF ¥ENTILATION [ ——— | == 1 -
HEATING SYSTEM Prodiationsr E] ._
A T T T
HOT WATER CONSUMPTION | . - E] L Mowma Lew ceorgy (1] Lew cecrgy (2]
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IEA EBC Annex 56 | Information

Website is online www.iea-annex56.org

M Caixa de entrada - bplace: % | & (68) |OL Webmail :: Recet xy [ www.iea-annex56.0rg/inc % \ - 0

€ - C [ wwwiea-annex56.0rg/index.aspx By

EBC @)

IEA EBC

PROJECT T

PARTICIPANTS St s Sk Annex 56
NEWS :

o L ! Costee cnergy and carbon emission
RESULTS optmization in buikding renovation

Communities Programme

7th meeting of Annex 56

2014-09-15 by admin

It is now starting in Brno. Czech Republic. the 7th meeting of the
annex 56 project.

It will be discussed the ongoing activities of the different subtasks. as
well as the expected dates for the availability of the final deliverables.

An Industry Workshop will take place. on the afternoon of the 16th

September. where the participants of the project can present their
developments to a group of stakeholders from the region of Brno.

Shining examples brochure now available
2014-08-27 by admin
One of the first deliverables of the project is now available for

download. This brochure compiles 9 examples of refurbished
buildings. in different countries around Europe.

The document is available for download here and more information
here.

e = o

Cost Effective Energy and Carbon Emissions
Optimization in Building Renovation

During the last decade. several standards and regulations regarding energy
consumption of buildings have emerged. specifying increasing levels for energy
efficiency requirements. However. these standards are mainly focused on new
buildings. providing most of the time less guidance on the renovation of existing
buildings that will have to face similar challenges in the near future.

In existing buildings. the most cost-effective renovation solution is often a
combination of energy efficiency measures and carbon emissions reduction measures.
Hence it is relevant to investigate where is the balance point between these two types
of measures in a cost/benefit perspective. which means to achieve the best building
performance (less energy consumption, less carbon emissions, overall added value
achieved by the renovation) at the lowest effort (investment. intervention in the
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IEA EBC Annex 56 | Available Reports
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March 2015 =S e —
—ET G-
BUILDING RENOVATION EXAMPLES
MEETINGS Brno Meeting o) I
Alicante Meeting On the 157, 18" and 17" September 2014, the 7° This 3lows 10 have 3 wider understanding fowards bulding renovation, bacause it Is POssidie 10 see aferent strategies and
on the country / cty that hosts the meeting. This particular newsiatier complies two site visits, the one

The £ meeting of e

Allcante, Spain, on March 10%, 1% and 12 2014,
The 20 participants from 3 couniries, were Updated oout the

mmmsammmbmm
by e European Commission 11 the context of prepanng the EU
Member Siates Natonal Renovaton Pians.

of Anex S6 ook piace I Bmo,

meetng of the working phase of Annex 56 took piace In
Czech Repubik, 3nd counted 25 particpants,
‘same of which were new In the project

A sialis of the poject was made, focusing on the

energy renovated  Duldngs
partcuary 2 school and 3 residential buling n Bmo-
Nowy Liskovec.

EBC &

e Annex 56

Shining examples brochure
in Aanex 56, the galhering of case studies s one
1= activities undertaken fo reach the overal project
m becase It Is & raa:glma fact that the
of cecison-making

e O

enery supply mmpmnrm‘ co-benefits
and countryleimate pacific messurss,
‘#@ch Indiicual sscampie, are avaliabie for downioad:

In oger

approaches,
that took piaoe in Alicante, Spain 3 well 3 BMO, Czech Repubic.

Asona

ALICANTE, SPAIN

There was also Me opportnfy fo vist 3 energy renovaled sriences and lessons leamed from practics. to Increase the range of buidng renavations campied I e
N ——— specilc missicn of the cace study actity of the T
ex 56 project ks to provide significant feedback Project summary
+ practica [resilsed, ongoing of intended rencvation Co-benefits 3 o
—— = 2ctE) on 3 Sclentfic basis. The main objectives of s i 2108 e P upeN d
EBC graphic guidelines iy Some prediminary resuts ragarding co-benefiis Mentified In a Alicante, 3 oty i esstem Spain, which h3s a souh
DUIICIN renovatan In Oporn, POMUGal Were presented In me Medneranaan cimate: mid temperatures In winter and very
In the curent year, To UNGErStand DAMars and consYats fof Nigh  mesting, and allvwed to Mave 3 Defter understanaing of e hot summers.

nge fom
tnere was the need to re0esign 3l the grapN Conterts rRgarING
EBEC projects, where Annex 55 Is Includad.

In furtner
gudeines, Incixding the wetelte, newsietiers, reporis and all
written information.

This s the first newsietter reflecting those changes, whist the

ged.

arder to Igentfy and show measures to overoome
nem;

To align the methodoiogy undsr deveiopment In
eANEx S6 Wit Practical expesiences;

To support declsion-makess and expers witn
afpund, scientfic basad imomation (3s result of
norsughly analysed case-studias) for helr future
38CISIONE

To show sucosssful renowation projects In order o
mobvae  gecslonmakers and  tmuate the

www.iea-annex56.org

brochure e Shining Exampias cobected
3rIn 3 fixed formst showing for ach demonswation

andtionzl benefls (apart from energy and GO emissions)

perceived by the fenants. when 3 buliding Is renovated.

The evauation of Duling renovaion messures

mmmummmmmmmm
ather relevant

Moreover, l:mmnnmnq Inan

benefits and thus, signiicanty

tewer
‘asstnetics), but 550 3t the society leved (ke healtn benefits, job
oreation, enengy securty, Impact on olimate ciange).
msamamgn:nmmsﬁmynymmumungm

and promoters o Integrate co-densfts In therr coetbeneft
mﬂmmmmmmmwm
bullding renovation and o polloy makers o mighignt te
reievanoe of consklering the Broader impact of energy pallcies
In several otner aress of policy making.

« The case study Invoives 324 owelings bult In 1957. It was

bust In orger

wn low qualty.

San Juan X0l nelanborhood
Alante, Spal
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IEA EBC Annex 56 | Available Reports

Shining Examples Brochure
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International Energy Agency e

Comaurnities Progranmes

Shining Examples of Cost-Effective Energy and Carbon Emissions
Optimization in Building Renovation (Annex 56)

Energy in Buildings and Communities Programme
May 2014

EBC s a prog of the | ional Energy Agency (IEA) GL::-..N
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IEA EBC Annex 56 | Available Reports
Methodology Report

Cé EBC &
,.......\.,-. |—\ '.l)'ll\.
30 = 30
[ — E o J
: E 20— e E 20 3 ~pa
International Energy Agency International Energy Agency H - % 1 )
Methodology for Cost-Effective Ener : £ - '
gy ey SN ENAY Methodology for Cost-Effective Energy g 2w
and Carbon Emissions Optimization in .. L § g § g .
Sl 4 and Carbon Emissions Optimization in & ¥ '
Building Renovation (Annex 56) Building R ti A 56 T w w m w 0 e mo w4
uilding Renovation (Annex 56) Eisions o g s el sty sy oyt AT
Energy in Buildings and Communities Programme Methodology and Assessment of Renovation Measures Figua 71 Aggregaied comparison of cast efacivenass of energy efickncy renovalion measums far
: h'ypal'ﬂl'l'ﬂtric Calculations eifarant haaling Sysiems and rlated Mpec On Carbon eMBSonS and prirmany enany usa in
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curva with Py L, 5 N0 MESTES
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April 2014 w
40
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Sséphane Citherlet (Lead LCIA), stephane cthedet@heig-vd.ch Figua 72 Aggregaied comparison of conl efucthwanoss of sndrgy afickngy mNovaton maasues ior
Diidier Fare [LCIA) BTG Mg SySSHTES el Pl At IMPSCE O CArOn STIBSENE ANnd BNGrY STy LSa I
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IEA EBC Annex 56 | Reports available in 2016

Methodology for Cost Effective Energy and Carbon Emissions Optimization in Building Renovation

Report on parametric calculations for the assessment of the impacts of energy related building
renovation measures

Report on Integration of LCIA into the Assessment of Renovation Measures
Report on Co-Benefits of Building Renovation

Report on the tools used

Brochure "Shining Examples”

Report on "Detailed Case Studies”

Report on User Acceptance

Renovation Guidebook
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