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Need to reduce carbon emissions
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Embodied carbon is becoming more relevant

Potential breakdown between embodied and operational carbon for new
buildings over time
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Embeodied carbon, (materials) B Operating carbon (energy)



Embodied carbon of MEP




Embodied carbon of MEP 7z big quantities
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Embodied carbon of MEP 7z high impact materials
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Embodied carbon of MEP 7z high replacement rates

SKIN 20 years
STRUCTURE 30 - 300 years
INTERIOR 3 -30years
SERVICES 5-20years
SITE Eternal
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Operational carbon
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Need of Whole life carbon approach
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Embodied carbon
reduction in MEP
design - basics




LESS IS MORE

Desi gn out AN MEP
Reduce overall weight of MEP equipment within a building
Specify equipment with lower weight



THINK CIRCULAR

Specify products and components that can be demounted and
reused
products that can be disassembled, and materials recycled
Ensure easy access for inspection, maintenance and replacement.



MITIGATE REFRIGERANT LEAKAGE

Specify low GWP refrigerants
Reduce overall refrigerant charge
Ensure low leakage rates
Ensure refrigerant is 100% recovered



LOW EMBODIED CARBON MATERIALS
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MEP embodied carbon reductions 7

2 MEP embodied carbon reductions

Embodied carbon calculations are required to quantitatively assess ombodied carbon of products.
Howwerwar, initial staps towwards reducing embodied carbon in the design of systems can ba
achigved without complex caloulations throwgh the implementation of the design strategias
outiined in this section.

‘DOparational and smbedied carbon of MEP systems can ba reducsd through san’ MEP daesign
strategies, reducing or avan sliminating MEP systems. This can be achieved through the architectural
design of the building by improving the tharmal performance of the building fabric, layout and size
of windows and sxtarnal shading, and by collaborating with tha design team.

‘Onice tha form and fabric of the dasign has besn optimised, and if MEP systams ara still nesded 1o
mast the requremants of tha brief, tha MEP systems should ba reduced by carnying cut detailed
load assessments and carefully considening tha requiremants. for flswbility and back-up. Highly
afficient systems should then be specified reducing the cparational carbon of the systames (LETI,

2015). A whole lfa carbon apprasch must be taken, considering both ambodied and oparational
carbon reductions.

21 Embodied carbon reductions: basic actions

Bs desribed abova, the mast effective way of reducing the embodied carbon of MEP systams is to
"design-out’ or at keast reduce the use and avarall weight of the equipment. Oince this has bean
dona, the embodied crbon of MEF plant can be further reduced by specifying sguipment:

— wiith low refrigarant GWF and leakage ratas

- with lang Ifetimes

— weith lowear waight

- with matarials with low ambodicd carbon

— with products and components that can ba demourted and reused

- with products that can bo dissssembled, and matarisls recyded

— that ara aasily accessible for inspaction, maintenanca and replacament.

2.2 Circular economy principles

Embracing circulsr sconomy princplas usually reduces embedied carbon. Groular econamy
prin<iphes, relating 1o buikding services, as owtlingd in JBSE Ressarch insight 02: Cicwlar economy
princples for building services [Popplaveall at al., 2020}, are a5 follows:

— Joint wanture: a product-as-a-servica arrangemant that incantivisas the installar to optimisa
apaerational parformancs, owercoming thass budgstary constraints during commissioning.

- Urniivasrsal Burildimgs: a flaxibla building, whene potential uses for thae building are clearly
defined and the mast onarows condition is allowsd for by the design. For example, provading
spaca in a plart room for additional plant, so tha capacity can inorcass in the fubura.

— Passive: eliminating the reguiramsnt for activa MEF systems in the building. Examplas of
passive features include natural ventilation systems, maximising the wsa of natural daglight,
and the usa of solar shades to minimisa haat gains.

— Pre-loved: uss of pre-ussd, remanufactured, refurbished, or new squipmant fabricated from
recycled materials, as well as srsuring that equipmant can ba re-used and recycled at the
wnd of their service lives.

- Recover: reduced consumption of primary resource flows such as energy, water and waste
through recowery.

Go to Section 2

TM65 z MEP embodied carbon reductions

MEP embodied carbon reductions 9

24 Refrigerant leakage mitigation

Sy=temns based on vapour compression cyckes using refrigorant, such as heat pumps, varisblo
refrigarant flow (VRF) and chillars, can bo highly efficiant and can creato low-operational carbon
heating ard cooling sclutions. This is expected o improve furthar with continued docarborisation
of the clectricity grid. Howswaor, rafrigorant loakage, throughout the building o oycla, can hawe
significant impact on embodied carbon emissions if not mitigated. The demand of air conditioning,
wrhich relias on refrigerant, & ey to rise due to rising temperatures (among othar faciors, such as
tha falling cost of squipmant and air pollution (Hamct st al,, 2020]), potentially further incraasing
tha use of systems with refrigerant.

Tha embodicd carbon amocisted with refrigerant usa in heating wentilation and air conditioning
{HVAC) systems can ba reduced by the following measuras (Hamot, et al, 20200

— FReducing the volune of refrigerant esed frefemed to as ‘refrigerant charge T applying
passive dasign measures and reducing the size of the squipmant will reducs the ovarall
chairga. Whan usirg split systoms, the distribution kenigth can ba reduced and hybnd
solutions can b explored, where heaticoolth & distributod st first by refrigarant and than by
waatar, reducing the amount of refrigarant in tho systom.

- Specifyiing equiprmant with low global warming potential (GWF) refrigerants: Tabla 2.2
details the GWP of vanous refrigerants. As a general ruls, (FCs hawe the highast GWR
follawsd by HIFCs and then HFCs. CFCs and HOFCS are mow banined and can no longar ks
wssd, and the usa of HFCs is mow regulatad in Euraops through the F-Gas Regulation (EC,
2014). HFOs and returalfhydrocarbon options such propana, ammania, 05 and water hawve
a much lowor GWP 25 shown in Tsble 3.2

— Enswring low leakage rates during the ‘use” phasa by freguant leak tests (as recommended
by the F-Gas requirements), good maintenanoe regimes to avoid constant owerpressuna (as
overprasswns <on craata small cracks in the coils), by installing pipewvock with brazed
conrections rather than flars connections, and using controls to detoct potentis] kalkago.

— Rafrigorant showld bo 100% recovercd st tho and of tha product lifa following proper
management procedures. Refrigerant can be reused without decreasing system performanca.

Soma refrigerants are assocted with toxicity and flammability concemns, which is classified by
BSHRAE Standard 34 (ASHRAE, 2019).

Table 2.2 gives typical GWF, orons deplstion potantial (COF) and tosicityflammability ASHRAE
classification for commonly wsed refrigarants.

Tabls 22 Dok on refrigarans:

b P ponimim g T ieg)  ponaealove O jears sy
frem Menusal Provecal g Clzeg) chassiicaion
[EP. oniing) ICARE, oring [ASHRAE, 2008
R B 1 A7I0 [
HOFC Rz [T 1810 [
RAUTC ] 1774 Al
HFC Al ] 0 [0
LIETH o 1430 A
Faz ] &7 AIL
HFD RIT34y1 [] =1 AIL
BT E) o 1 AIL
Hyjocabon A0 [propanal ] [ 5
Mannal R 005) [] 1 A
R717 jammonis) o [ BIL
RT3 ) ] [} Al

Teodiciry and flammaislig damificrion: Al = o fame propagarion; A2L - mildy fammabls; A3 = highly flammabis
B2 = miksly fammaia With madium [DECTy Cmms.
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2019-Whole life carbon heat generation equipment - Passivhaus type builds
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Office WLC case study
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= Explone all passive measunes to reducefeiminate active heating and cooling
= Active refrigerant based sysems only where the only viable comibustion- free option

REDUCE

REFRIGERANT NEED

= Use naturalhydrocarbons refrigerants with GWP <5 e.g. Ammonda, O, Propane, HFOs
= I bow GWP refrigerants are not availabie, do not go ower GWF 750 unless IT can be prosen
thaat the volumnae isvery bow and the GWP of the whole system is under 750

+

&

@ B
g

DISTRIBUTED SYSTEM: R32 (lowest available)
CENTRALIZED SYSTEM: Ammaonia (large scale), CO, or HFOs
INDIVIDUAL SYSTEM: Propane, CO,

USE
LOW GWP
REFRIGERANTS

+

= Minimize refrigerant charge, as it will reduce leakage global warming potential

= Conskder refrigerant charge when comparing sysiem. e.g. a S00kW chiller with R410a [GWP
Z0BE] can have lower total GWP than when LEing R134a [GWP 1450) berause the refriperant
charge is sigrificantly less

= ol split systers and favour waterbased paciaged types

DISTRIBUTED S5¥YSTEM: Hybrid VRF

CENTRALIZED SYSTEM: Better heat exchangers, water cooled units

INDIVIDUAL SYSTEM: N/A

= Leak-free inszallation by a manufacturer registered installer of the spedfic product
= Maintenance by a manufaciurer registerad contractor of the specific product

= Aol COnNSTanT OWer pressure .‘

= Emsure frequent leak test in accordance with local regulations §best practios
DISTRIBUTED SYSTEM: Pressure test, room sensors, hybrid systems
CENTRALIZED 5YSTEM: Leak detection, high quality sensors
INDIVIDUAL 5¥YSTEM: Leak detection, high gquality sensors

&LELEMENTA o

RAN

= Ensure 100% recovery and reuss of the refrigerant undertaken by a contracior rained by

the manutacturer of the secific producs Q
ENHANCE
REFRIGERANT
RECOVERY
WHAT YOU CAN DO
Client Manufacturer Consultant Design Team
+ Provide sirong project + Foous developmant + Passive design to avoldf | ¢+ Coordinated passve
briefing to minimize of 28ra of low GWP minimize size of active dsigm to sl dimindmize
carbon emissions refrigerant systems cooling and heating acthve cooling and
+ Adopt best practice and improve global + Specty products with
mainbenance in line: distribution 1ero of low GWF + Be aware of the potential
‘with manufaturess + Dagign products that + Spacy systems with damage ascoclated with
+ Plan end of ife, of refrigerant az best charge at best + Consider spade
decommissioning performance requirements for kow
SCENATIDS DD SnSLNe + Design for efficent + Spacily comg GNP I based
100% refrigerant refrigerant reccvery leak detection and leak Systams
recovery tests
5 i

v

, Time
i-“’ by 2019 2020 NOW
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Environmental Product Declarations

ENVIRONMENTAL PRODUCT DECLARATION

35 per ISO 14025 and EN 15804

Circular volume flow controfler VRE and VR
Wildeboer Bauteile GmbH

Inatitut
and Umwe

o Rl

wariabie worame fows In verSlaton and air-condiioning
‘Systems. and for shutting off e ventiation ducts.

23  Teohnoal Data
The Fexuiremeants in accondance wi the hammonised
reguiafion= gavering CE marking relafing i
c compatbay (EMC) In Ine with U

Guideine 01 DS/EC, the parormance ring
‘@ccoming o DIN EN 12555 and the associated

@cromdng 1o DIN EN IS0 51351, /0N
EN IS0 3744, /DM EN IS0 S167-1/ and DIN EN
TS are Sulfiied.

Tochnloal scretnuction data
The foliowing dats refers 10  “Worst-Case” analys's of
um:mm:mcmlum.n‘mwm

Stainkss sk < 1% o 10%

Machiving 3ize! (I3 BT 1%

WRE - acoustic Insuiation
Simed, gaivanised: TE% I B4%
Insuiafion: 16% b0 21%

."R casing, dnnmrnan: :nmhtmr-\em

scEming the
Vokme fow controler VR - [5 avallaie I e
Imanutschrers documents),

Pm: %5
Stainkess steel %
e ol 1% I 5%

24 Plasing on the market ! Application rulss.
The mquirements acconting i S harmonised
reguiations goverming CE marking relaing i

i compatbay (EMAC) In ine with
ZO04HOSEL "Guideine 2004/ 10SEC of the
European Fariament and Coundll of 15 December
2004 for sperevimating he legal padelines ofthe
member states ity and
e sSatutory mlc!!neum mnlau uszbnwemen
by the respective rational regriaSon:

documents’

2E  Dellvery clabss

The foliowing sizes are avallable: VR from DN B0
DM 31, iengi 206 1o 454 mm VRET from DN 10010
D 400, leng 335 10 551 M. Optional accessanes

¢ adjumten Iy emsure g and censistent
Gegnee Of CONrol BOCURACY.

26  Bass materiaks | Ancllary materials
[Fer cant by wesght; 3l dietals ane apprximate.

RE - casing, damper biade, measuring o1 jex.
]
‘Steel, gavanised: £2% 0 58%

Flastic: 1% o 6%
Elactmnic componants: < 1%

R stjustrant
Steel, geivanised: IT%
Piasic 36%

Eleciric cabie: 15%.
Elecronic companents {Cirout boands o 8%
Brass: 1%

Inzdaion: 12% ko 0%,

27 Manufaoture

Production Is. 2t one location In the Wesner plant. The
necessary raw and semi-inished parts, anciary
materials and operation materiais are delivered by
suppliers and are integraied n producion. Semi-
finished parts are manufachured In & pretabricaton
Using sincsr manutacuring mathods. Msss parts

wasie incumed i codeched and whane possitie
recycied by the: commesponding companies, of disposed

nramlm:rmas C wasde. s e
largey colected, frested and reumed In procucion
Dust and fames ans cofected on sk,

framework of qualRy RSsuraNCe b /DIN EM 150 30017,
packad and shipped. E3Ch voiume flow controller 15
factory-acjusted ko ensure 3 High and consistent
degres of control accurscy. The pnt 13 subject to an
ENEMy mansgement ystam.

&

WILDEBOER

LCA: Results

The following tables depict the results of the indicators conceming the estimated impact, use of resources as well
a5 waste and ather output flows in relation to 1 VRE volume flow controller [2.87 kg/pce.]. Diata can be requested
from the manufaciurer or a calculation tool supplied by the manufacturer can be used for calculating {scsling) to
other sizes, accessories used and the VR controller {www.wildeboer.defepd). The calculation method is explained
in the conversion ool

[BENEFITS ANDY
(CONSTRUCTI LOADS
PRODUCT STAGE [ON PROCESS USE STAGE ENDOFUFESTAGE | BEYOND THE
STeE BOUNDARIES |
- £ B g |5 2
E £ e8| 2 ] =5 (L |2 I
5> B 5 5 b 1= BBl % T |4
THHHHRH S
5 s |8 §§ < g E § B g §u |2 288
=85 s |8 & §
a1 [ a2 [a3|as[as [t | B2 Bt [Bs[es o7 [cr1[ca[eafece D
x[x[x]x x [x[x]x]x[xme] x| x[x]x X

GM? Gﬂ:ﬂwngw

An EPD provides a standard way to disclose environmental impacts about a

roduct throughout its lifecycle, using a consistent methodology




EPDsz where to find them

EPD

EN 15804 VERIFIED

eal -

Institut Bauen
und Umwelt e¥

Green

FroGQucCt

-

2]

Premium’

10 Embodied carbon In bullding services: a calouladon methodology

Tha GWP figures cutlined in Tabk 2.2 are associated with the katage of refrigarant into the air
during tha use phase only. GWF associated with the marufacturing of the refrigarant is not included
a5 this is typically wary small_ For axample, in the case of R4 10a, the Okobaudat database
{Okobmudat, onling) gives the followirg GWP figures:

— Production stage (A1-83): B062 kg C0ya

— Use stage (B1): 7088 kg 003« (the GWP figure commaonly used)
— End of iife stage (C1-C4): 0 {assumes 100% recyded)

— Bocovary (0): -733 kg C0he

3 Environmental product declaration (EPD)

An snvironmental product declaration (EPD) should be tonsidered as the most reliable source of
information abowut the environmental impacts of a product. EPDs provide ermaronmantal
information using a onsistertt methodology and reporting form.

31 What is an EPD?

&n EPD [also refered as an '130 Type Il environmental product declaration’) provides a standard
waay of declaring carbon emissions through a global warming potantial (GWP) indicator associated
with a product throughout its life oyde. it provides information for other emvironmantal impact
indicators aside from GWP such as acidification potertial {change in pH) and sutrophication
potantial [excessive ennchment of nutrients and minerals). & full st can be found in Appandix A.

To comply with BS EN 15804:3012+42:2015 (B3], 2015, an EPD must provida, 2t a minimum, the
anvironmartal impacts associated with the product stage (A1 1o A3) as well 25 and of ife staga (C1
to C4) and reusa, recowery and recyding {1 [refer to section 1.5 for life opcle stages definitions].

EPDs are usually created by an EPD program operator, which ansuras third party werification.
Fallowing BS EN 15804 requiramants, an EPD is valid for 5 years.

Differant types of EPDs axist induding product-spedfic EPDs, manufacturer specific EPDs and genaric

EPDs; tha distinctions are explained n Appendix A. In the contaxt of this documant, the tarm EPD
rafiers o product-specific EPOs. An sxample of a product-specific EPD can ba found in Appendix A

3.2 How to use an EPD?
Tha erwironmental impacts associated with the product are quartified in a table usually towards the

and of tha EPD. Carbon emissions ara displayed as GWP in kg (070 and provided per life oycle stage.
%22 Figure 3.1 balow for an axamiple of EPD rasults.

Go to Section 3 & Appendix A

34 Embodied carbon in building services: a calculation methodology

Appendix A: Further information on EPDs and other MEP
embodied carbon data

Further information on types of EPDs, how they are created, and environmental impacts reported,
as well as on other types of embodied carbon data.

A1 Environmental product declarations (EPDs)

A1 Different types of EPDs

Data used in embodied carbon assessments can be “specific’ or 'generic’. Hence there are various
types of EPDs available:

— product-specific EPDs are relevant to a specific product from a manufacturer

— manufacturer-specific EPDs provide a weighted average for a range of similar products from
a specific manufacturer

— average/generic/industry average EPDs, which are useful early in the design process when
clear manufacturer products have not yet been specified.

All types of EPDs follow the same standards, methodology and format which is detailed in the
following sections.

A1.2 Steps taken to create an EPD

The development of an EPD includes different steps which are outlined below.

Step 1: Selection of an EPD program operator

Choosing an EPD program operator for the assessment is the first step. It is recommended to choose
an operator that is registered as an ECO Platform member (https://www.eco-platform.org/who-is-
participating.html); this ensures the EPD program follows BS EN 15804 or has been audited to
ensure technical alignment and rigorous verification processes. Examples are outlined below:

— PEP ecopassport in France (specialised in electrical, electronics and HVAC-R products EPDs)
— BRE Global Ltd. in the UK
— Institut Bauen und Umwelt e . (IBU} in Germany

—_ Bionova Ltd., which has created an international tool: One Click LCA.

Step 2: Calculations

Some EPD program operators offer specific LCA tools for construction products which can be used
to carry out calculations for building products EPDs. Examples are outlined below:
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