View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Universidade do Minho: RepositoriUM

Cost Effective Energy and CO2 Emissions Optimization in Building
Renovation
Annex 56 methodology and its application to a case study

Manuela Almeid#&, Marco Ferreir#, Ana Rodrigue’$

#Department of Civil Engineering, University of Minh
Campus Azurém, 4804-533, Guimaraes, Portugal

Imalmeida@civil.uminho.pt
’marcoferreira@civil.uminho.pt
Sanarocha32846@yahoo.co.uk

Abstract

Following the impact of the climate changes andrthauses, buildings proved to
be one of the main responsible for the greenhofisetalue to the carbon emissions
related with their construction and use. The recehtinges in the European
regulations, in a tentative to improve buildingseryy performance, are mostly
suited to new buildings. However, the majorityhed building stock has more than
twenty years and renovating it, in accordance wfitd current standards, can lead
to difficult and expensive procedures. Consideting main goals of reducing the
use of fossil fuels and the related emissions,use of renewable energy sources
offers an alternative to these deep interventiorthé buildings envelope.

In a search for the right balance between energyseovation and energy efficiency
measures and technologies that require the useenéwable energy, IEA EBC
launched Annex 56. The main purpose of the prdgdhe development of a
methodological framework that allows comparing restion scenarios that deeply
reduce energy and carbon emissions combining eneffgency measures and the
use of renewable energy. It takes into considematiot only the reduction of the
energy use, carbon emissions reductions and cbatsalso embodied energy and
co-benefits that arise from the renovation proceddrhe methodology was applied
to a Portuguese case-study that has gone undervadiom. The results allow
comparing the chosen renovation scenario with otbegnarios and justify the
option of going beyond the cost optimal solutiomider to have more effective
reduction of the carbon emission while still beaust effective.
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1. Introduction

In late years the climate changes are a major corfoe most of the
world leaders. Studies proved that the increaggredénhouse gases, such as
carbon dioxide, is responsible for these changesthis sense, different
actions have been carried out to try to stabiliEe doncentrations of GHG,
reducing them at long term [1] [2].
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In Europe, buildings have been identified as majoergy consumers
due to their poor energy performance, which makestresponsible for a
great share of the carbon emissions [3]. Most efEhropean building stock
has more than twenty years and low energy perforegmnin this sense,
building renovation plays an important role in thduction of the energy use
and carbon emissions. Existing buildings have aehsaying potential, but
most times it is not totally exploited [3].

However, European regulations are still mainly ¢ted to new
buildings, creating some problems in the applicatibthese regulations into
existing buildings. Existing buildings have thewro constrains and barriers
and the direct application of the requirementfaenew buildings, may lead
to expensive and complex procedures. In most ctiedact makes the
renovation interventions unacceptable by usergamahoters [4]. In existing
buildings the renovation procedures should be aedlyn order to achieve
the best energy performance with less effort agsl lser’s disturbance [4].

In this context and in attempt to overcome theseidya, the IEA
Energy in Buildings and Communities Programme (EB&)nched the
project Annex 56 to study cost—effective optimiaatbf energy and carbon
emissions in building renovation [5].

The purpose of the project is to develop a mettagiohl framework
that allows evaluating packages of renovation messto improve the
energy performance of existing residential buildingith the possibility of
going beyond the cost optimal solution with measuteat are still cost
effective and that reduce more effectively the carbmissions. [5].

This paper aims at presenting the application aieén56 methodology
to a Portuguese case-study, comparing the referenceation scenario that
does not improve the energy performance of thedimg] with alternative
scenarios to renovate the building, including tledutton that has been
chosen to be implemented in the field.

2. Annex 56 methodology

Annex 56 scope is residential buildings and offméldings without
complex HVAC technologies and focuses on the measwith energy
performance beyond the cost-optimal renovation ates (scenarios that
lead to the lowest global cost considering investrrand running costs),
approaching the zero energy and zero carbon emsstwels. The goal is to
start with the cost-optimal approach and go furthemlancing energy
efficiency measures and the use of renewable ersogices to reach the
lowest energy use and carbon emissions level, lbembodied energy in
materials and the most achievable co-benefits.

The methodology uses a life cycle costs (LCC) apgnobalancing the
energy consumption and global costs for a life €yafl 30 to 60 years, for
each analyzed renovation scenario. The comparistmelen the renovation



scenarios is always related to a reference casewrknas “anyway
renovation”, which does not consider any energgteel improvements.

To perform the assessment, different renovationa@es improving the
energy performance of the building envelope andngusidifferent
combinations of building integrated technical syste(BITS) are created,
and their energy use, related carbon emissionglabdl costs calculated.

In order to include the environmental impact of gwutions in the
LCC, a simplified life cycle impact assessment (RCmay be performed
allowing assessing the global warming potential @&Wand embodied
energy of each renovation scenario. With theseltegsuot only the energy
and emissions related to building use are congidereéhe assessment but
also those related with materials used in the ratiow process.

Besides, the methodology also includes a qualéatigy of relating the
energy renovation measures with co-benefits thantially result from the
application of those measures. The owner/useré&dsts are considered by
placing their willingness to pay for added beneditrminst the results from
the LCC assessment.

3. Description of the case-study

The case study consists of a building built in I8%0hd it belongs to a
social neighborhood located in Porto, in the naftiPortugal. The building
presented signs of significant degradation and thisdiving areas were not
adjusted to current living standards. The buildiagl two floors and four
apartments, two in each floor. Figure 1 shows theegal aspect of the
building before and after the renovation.

The building had no insulation on the envelope tetde were no BITS
for heating and cooling. The only systems availakéze portable electric
systems such as electric heaters and fan coils. domeestic hot water
(DHW) was provided by an electric heater with sgeréank.

Concerning the building envelope, exterior wallgisted in single
hollow brick walls with plaster on both sides ahé toof was composed by
a lightweight slab and a wooden structure that sttpdiber cement plates.



The floor consists in a solid ground floor and Wiadows are wood framed
with single glazing with exterior PVC shutters. Tal presents U-values for

the building elements before renovation.

Table 1. Summary of the U-values before and afterénovation
Element U-values before
Exterior walls 1.38/1.69
Roof 2.62
Windows 5.10

The building main problems were degradation andiénqaacy of the
living areas. In this sense, the renovation proposasen to apply on field
includes the increase of the living areas by cneafist one apartment per
floor and the improvement of the building envelopaking advantage of
this intervention, insulation was added to the elst® of the envelope and
new BITS were installed.

For heating and cooling, a multi-split air condi@ system with
inverter technology has been introduced and for DtH&/choice was a solar
thermal panel with an electric water heater as lyacystem.

Concerning the external walls, the chosen solutias ETICS (external
thermal insulation composite system) with 6cm of SERexpanded
polystyrene). For the roof, the solution was to aeethe lightweight slab
and the introduction of a suspended ceiling, atddio the wood structure
that holds the covering plates. Between the ceilind fiber cement plates,
panels of XPS (extruded polystyrene) with 5cm atkhess were placed.
The U-values after renovation are presented ifialewving table.

Table 2. U-values for the buildings elements with ¢thosen renovation

Element U-values after
Exterior walls 0.45/0.48
Roof 0.64
Windows 2.90

It was decided not to make any intervention ongifeeind floor once the
low height of the ceiling did not allowed to incseathe thickness of the
ground floor in order to include insulation. To sl it would require deeper
intervention increasing the costs and the constnuetastes.

The chosen renovation represents the typical reiovéhat is done in
Portugal in current days, however, there may berathlutions that can lead
to better energy performances or less costs, cemsglthe building’s life
cycle. Thus, different renovation scenarios weraly@ed using Annex 56
methodology. For that, different materials were s and different
combinations of BITS were selected. Table 3 shdwes dcombination of
renovation measures that were analyzed for theingienvelope.



Table 3. Summary of the analyzed renovation scesari

N° Wall Roof Floor Window
Referencel maintenancgé maintenance maintenpnce emante
Chosen 6cm EPS 5cm XP$  maintenance Wood 2.9
1 maintenance 8cm MW maintenance maintenance
2 maintenance 14cm MW 4cm MW, maintenance
3 maintenance 14cm MW 8cm MW maintenance
4 4cm EPS l4cm MW 8cm MW maintenange
5 10cm EPS l4cm MW 8cm MW maintenance
6 maintenance l4cm MW 8cm MW PVC 2,4

7 maintenance l4cm MW 8cm MW PVC 2,1

8 maintenance 1l4cm MW 8cm MW PVC 2,0

9 maintenance 4cm ICB maintenarice  maintenapce
10 maintenance 8cm ICB maintenance maintenance
11 maintenance 8cm ICB 4cm ICB maintenance
12 maintenance 8cm ICB 8cm ICB maintenance
13 4cm ICB 8cm ICB 8cm ICB maintenange
14 8cm ICB 8cm ICB 8cm ICB maintenange
15 8cm ICB 8cm ICB 8cm ICB Wood 2,9

16 8cm ICB 8cm ICB 8cm ICB Wood 2,5

17 8cm ICB 8cm ICB 8cm ICB Wood 2,4

In Table 3, MW stands for mineral wool, ICB is erdad cork
agglomerate, EPS is expanded polystyrene. Maintenegfers to the case
where the energy performance of the element isimproved and the
intervention is only to solve aesthetical, strugtand functional problems.

Table 4. Summary of the analyzed combination of8IT

BITS Heating Cooling DHW

1 Electric heater Multi split AC Electric heatelST
2 Gas boiler Multi split AC Gas boiler

3 Heat pump Heat pump Heat pump
4 Heat pump + PV Heat pump + PV Heat pump + P
5 Biomass Multi split AC Biomass

6 Multi split AC Multi split AC Electric heater

The renovation packages for the building’s envelemze combined
with different combinations of BITS. The analyzegimbinations of BITS
for heating, cooling and domestic hot water arsgméd in Table 4.



4. Lifecyclecost analysis

The first step to apply the Annex 56 methodologsoiperform a LCC
analysis. This step allows having an overview @& $blutions that are still
cost effective, which one is the cost optimal goluand the ones that lead to
better energy performance when compared to theagighal level. In the
presented case study, the calculation of the Imgjldnergy performance was
performed using the Portuguese regulation procedurbich follows the
ISO 13790 [6]. The contributions from the photoaals were obtained with
the Photovoltaic Geographical Information Systed@PS) and the energy
from solar thermal was calculated using the Possgisoftware Solterm.

The costs are derived using the net present valtizecannuity method
[5]. The considered lifespan was 30 years, usidig@ount rate of 6%, which
is considered an attractive value in comparisoh aiternative scenarios for
the private investor. Energy costs for the firstry@ere based on the values
of ERSE, the Portuguese entity that rules the gneriges [8][9]. The price
of the pellets was based on a research on thed@ede energy market and
the evolution of the prices during the calculatiseriod is based on the
predictions of the European Commission, presentedthe Delegated
Regulation n°244/2012 [7]. For pellets, the assumerkase of price was of
3% per year. The investment and maintenance casts based on CYPE®
software that estimates prices for constructiorkadm Portugal [10].

This first LCC analysis didn't included embodiedergy, allowing
obtaining results only considering the primary gyeuse, and results are
presented in Figure 2.
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Figure 2. LCC analysis for all the renovation sc&sa
Figure 2 is a typical graphic result of life cyaests calculations for

building renovation projects, where the cost optimahe point with lowest
global costs and the reference scenario does nptoia the energy



performance of the building. All the scenarios thasent lower global costs
than the reference scenario are considered cestieH.

In Figure 2 there are two curves for each BITS bseathere are
different types of insulation materials which leadlslifferent levels of costs.
For each pair of curves, the darker marker repteséime renovation
packages with ICB and the lighter markers the gmistwith EPS and MW.

The gas boiler (BITS 2) with current insulation eréls leads to the
cost optimal level. Concerning the envelope, comafoam n° 5 (10cm EPS on
wall, 14cm MW on the roof, 8cm MW on the floor amdintaining existing
windows) is the one that has the best relation éetwcosts and energy and
combination n® 17 leads to the lowest energy usaveier, there are several
measures that lead to better energy performances ttie cost optimal
solution and are still cost effective (costs bethe reference scenario).

5. Lifecycle cost analysisincluding life cycleimpact assessment

The LCIA was developed with the calculation of #rabodied energy
and the related carbon emissions that result frben groduction of the
construction materials using the Ecoinvent LCI Hate, version 2.2 [11].
These calculations allowed calculating the GWPamherenovation package
of measures.

The number of renovation packages that has be@dtess limited to
the reference renovation scenario, the cost optioanhario for the building
envelope (combination n°® 5) and the scenario tedd to the best energy
performance (combination n° 17), which reduces reffectively the carbon
emissions. These scenarios for the buildings epeelgere combined with
BITS 1, 2, 4 and 5. This selection is justifiedtbg fact that these BITS lead
to lower costs or better energy performances antoagix analyzed BITS,
given the presence of renewable energy sources.
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Figure 3. Results of the total final energy use @wdP calculations



In Figure 3 the results of the total final eneugpe, and the GWP of
the selected scenarios are presented. ObservingeR3git is noticeable that
both scenarios that are combined with BITS 4 (coweuion of heat pump
with photovoltaic panels) are the ones with thedsintotal final energy use
and lowest GWP.

In general, the scenarios leading to better enpeagjormances have
slightly lower GWP than the cost optimal scenanmisich means that,
although more materials are used, the energy ssavdngng the lifespan of
the building outweigh the environmental impacthad materials production.
The chosen solution is the second worst scenayid &fter the reference in
what concerns the GWP indicator, although not Itaak concerning the total
final energy use.

The results for total Primary energy, includingbadied energy, are
shown in Figure 4. All the combinations includingst optimal solution for
the building’s envelope (combination n° 5) combingth the four selected
BITS, have lower global costs than the scenariblé@als to the best energy
performance for the building’s envelope (combinatis 17).

eeeeee

Iéigure 4. Results of the total ‘primary energy peEary

The cost optimal solution for the building’s ern@é (combination n°5)
combined with BITS 2 is still the scenario whiclepents the lowest costs
(red triangle). The chosen renovation is not farmfrthe cost optimal
solution in terms of primary energy, but has highlebal costs.

The best energy performance and an effective camgauction is
achieved with BITS 4 which includes an efficientahepump and
photovoltaic panels, combined with the cost optis@nario (combination
n° 5) for the building’'s envelope (blue triangleyhe best energy
performance scenario (combination n°17) considergnsulation material
that has more embodied energy than the commonaitieus materials and
for that reason, and despite reducing more effelgtithe energy use, the
total primary energy is slightly higher.



6. Integration of the co-benefits

For the integration of the co-benefits, each retioameasure is
evaluated based on a matrix developed in the grojbich relates each
renovation measure with positive and negative cwbis that typically
result from their application.

In this case study, besides the analysis consigléhi@ matrix, a survey
has been carried out. Table 5 presents the identifyo-benefits for the
reference, chosen, cost optimal (scenario n°® 5TSHl) and the best energy
performance (scenario n° 17 + BITS 4) scenarios.

Table 5. Summary of the identified co-benefits aadmpact

Co-benefits Reference | Chosen Sceb + B2 Scel7 + B4
Aesthetics A A A AV
Pride/prestige AA AA AA AA
Thermal comfort AAA AAA AAA
Building physics AA AA AA
Internal noise v v v
Price fluctuation AA AA AAA
Air Quality A A A
External noise A A
Safety A A
Additional costs 33€/m2 12€/m? - 13€/m2

In the table, the triangles idenfity whether thebemefit is positive or
negative according to the positions. When it isidggslown it means it is a
negative co-benefit. The last row presents thetiahdil costs to implement
that scenario, when compared to the cost optingaiasio.

The renovation scenarios that consider the windeptacement have
more co-benefits than the cost optimal scenariarddgg the improvement
they cause in the protection against external na@isd safety against
intrusions. However, the best energy performan@anaio presents one
extra negative co-benefit related to the difficaithitectural integration of
photovoltaic panels in an existing building. On tiber hand, it has greater
positive impact when it comes to face energy pritectuations.
Nevertheless, in the survey to the users, exteroise was considered as a
minor issue, which means that the co-benefits @ssacto the windows
replacement are not as relevant as expected kuistldue to the specific
building context that is inserted in a very quietieonment.

In this sense, the best choice, considering arctefée reduction of
emissions, would be the combination of the costnwgdtscenario for the
buildings envelope with BITS 4. The increase ofbglocosts could be
balanced by the co-benefits achieved due to thkcagipn of this BITS and
the more effective reduction of emissions in they&ars life cycle.



7. Conclusions

The analysis allowed comparing alternative scesdno the renovation
of the presented case study. Using Annex 56 metbggat was possible to
confirm that the renovation that took place, algfiosignificantly improving
the users’ quality of life and reducing energy usmijssions and life cycle
costs, could have been more profound. In factctw optimal scenario is
better than the chosen renovation scenario. But #vs is still far from the
zero energy use. The chosen renovation presertisrhife cycle costs and
worse energy performance than many of the testerhative scenarios.

It was possible to conclude that major reductiomshe energy use and
carbon emissions are obtained more effectively wigwitch of the BITS to
renewable energy, mainly if the goal is to approtah zero energy and
emissions level. Regarding the intervention on lthéding envelope, the
combination of the cost optimal package of measwitls the use of the
renovation measures that maximize the positive exeefits is a good
strategy to limit the depth of the intervention.yBed these points, global
costs rise sharply and impacts on the energy amsseEms become marginal.
Investment costs for promoters and users annoyaydbe works are also
important arguments to this limit of interventionthe building envelope.
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