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What is the
problem?




Buildings have a major impact on global carbon emissions
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A Whole Life Carbon approach
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A Whole Life Carbon approach
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A Whole Life Carbon approach

Operation stage (B6-B7)
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A Whole Life Carbon approach

Upfront Carbon’ (A1-A5)
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Services are high impact
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Knowledge gap




nvironmental Product Declarations

ENVIRONMENTAL PRODUCT DECLARATION
35 per IS0 14025 and EN 15804

Circular volume flow controller VRE and VR
Wildeboer Bauteile GmbH

Institut Bauen
and Umwelt eV,

N8 VERIEG

‘II]LDEBDER

varisbie volume fows in ventiisson and air<onditioning  Stainiess steel: < 1% to 10%
Systems and for shutting off the ventiiation ducts.

23 Teohnical Data Steel, givanized: 0%

The requirements in ccordance Wi the harmonksed  Pisstic 26%

reguatons goverring CE marking reiatng o mﬂcmn»mtmm:h%
compatbiiy (EMC) In Ine with EU Stee, phozphated: 1

manganese
Guides X g sunicsss:ﬂ E
according to /DIN EN 1252/ and the associted Brasz:
according o /DIN EN IS0 5135/, DN Msmnna;mmmm] %
EN IS0 3741/, DIN EN IS0 S167-1/ and /DIN EN

175 are Aufiied. VRE - 3coustc Inzuiation
Steed, gavanised: 79% b 84%
Technioal ccnstrustion data Inzutation: 16% to 21%

The tolowing Gata refers 10 3 Worst-caze” anslys's of
e electronic volume flow controler VRE. Further dats VR - casing, damper biade, set point austment
the constant mechan D I5%

~ Including conceming e Steel, gavanized: 28%
volume fow controler VR ~ Iz avallabie In the Piasic 2% to 5%
manutscturers documents. Stainless steet: 2%

Machining stee! (lxthe ol 1% 1 5%

Vaive | Unk
3 v ‘-’R emmmmt
30-00] Ps Steel, gavanized: 3
2 ms Piazic 26%
3:-530] man Elecric cable: 15%
=10 v Elecronic compor ek en
5= v Brasz: 1%
2-10 v
VR - acoustic insulation
0 s Steel, gavanized: 30% b 82%
3 W Inzzdaion: 18% to 20%
15 w 27
Producton ks 3t one kocation In the Weener piart. The
< - necasaymmsem‘lmneum anciary
3-2 - 5!&9‘!’5““'an¢| Sem-
are
e = g m,wmm
crex |- punched and ecged 1o shape. Blanks are

24 _Plaoing on the market ! AppSoation res Tecycied ty the comeaponding Comparies, or dlsposed

23 domestic waste. Lubricants are
mm:mc&mmmw Jargely colected, yested and re-zed In procucson
electromagretic compatbiity (EMC) In ine with Dust and %umes are exractad and colected on ste.
/2004/108EL *Guideine 004/108EC of the Prefabricated parts are azsemibied akong Wi bought-
Eurcpean Parfament and Coundll of 15 December 1n parts 1 voiume Sow erz, wain the
2004 for approximatng the legal guidsiines of the framework. of quaity assurance to /DIN EN ISO 5001/,

states for SlECTOmIgNESC compatilty” packed and shipped. Each volume flow controller I
e guideines are fuflled. Use iz govemed factory-odjusted D ensure 3 Nigh and consistent

sashutory
by the respectve rational reguations. The
! : energy management
25  Dellvery ctatuc
The tolowing sizes are avallable: VR1 fom DN 80
DN 315, leng®h 326 1 454 mm VRE1 from DN 10010
DN 400, length 326 1 551 mm. Optioral accessones

Mnmamw:mumn
degree of contral accuracy.

26 Bace materiaic / Anollary materialc.
Per cent by weight; al detals are approximate.

VRE cazing, damper biade, meazurng cel (exd.

o
Srzet. gavanized: 82% 0 98%

Fiastic: 1% 1o €% teced pont
Electronic components: < 1%

T Trodod Declersen Wiseooe Baciale (rbH — VR, R

VILDEBOER

AT Hie LETING + (A

The

LCA: Results

following tables depict the results of the indicators conceming the estimated impact, use of resources as well

as waste and other output flows in relation to 1 VRE volume flow controller [2.87 kg/pce.]. Data can be requested
from the manufacturer or a calculation tool supplied by the manufacturer can be used for calculating (scaling) to
other sizes, accessories used and the VR controller (www.wildeboer.de/epd). The calculation method is explained
in the conversion tool.
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An EPD provides a standard way to disclose environmental impacts about a product
throughout its lifecycle, using a rigorous, consistent, third party reviewed methodology.



TMG65 is here to help!




CIBSE TM65




What is TM 65?

What TMG65 is

A method for estimating embodied
carbon in building services equipment

A first step to promote transparency in the
industry

A reporting methodology

A set of rules to allow the production of
comparable carbon metrics

A simple, replicable, standardised
methodology

What TM65 isn’t x

A detailed Life Cycle Assessment (LCA) at
system level

An Environmental Product Declaration (EPD)
A peer reviewed certification

An exhaustive assessment of the materials in
a product

A detailed and holistic assessment of all
environmental impacts of a product
(embodied carbon only)



How the TM65 fits into building Whole Life Carbon assessment

Operational carbon
Building Services
Sealolere - Ml | Quantities|| Service
" carbon of life
product leve| |EeElIEuE
fCIBSE TM65 enables embodied carbon calculations for Building Services products
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TM65 - process

Data collection Calculations

“‘ Embodied carbon
' Q ( of MEP product

Manufacturer form CIBSE TM65 methods Results format

Reporting

Section A filled in  =— Basic calculation — e Result form 1
Section A & Bfilled iN P Mid level calculation  m——) Result form 2



TM65 - method comparison

‘Basic’ calculation ‘Mid level’ calculation “
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TMG65 versus EPD

Table 4.1 Comparison of the life cycle stage modules needing to be calculated and the type of information
required per life cycle stage module for the two calculation methods and an EPD

Preliminary information ‘Basic’ calculation ‘Mid-level’ calculation BS EN 15804+ A2
compliant EPD*
Capacity of equipment/size Mandatory Mandatory Mandatory
Product service life (years) Mandatory Mandatory Optional
Refrigerant used, GWF, charge (kg) Mandatory Mandatory Mandatory
Stage Module “Basic’ calculation ‘Mid-level’ calculation BS EN 15804+A2
compliant EPD*
A1 (material extraction) Mandatory Mandatory Mandatory
A2 (transport to factory) Mandatory Mandatory
A A3 (manufacturing) Scale-up factor Mandatory Mandatory
A4 (transport to site) Mandatory Optional
AS (installation) B — Optional
81 (use) Mmd'b'::d mngaam Mandnbm fos;sr:;r':gmm Optional
B2 (maintenance) Scale-up factor Optional Optional
83 (repair) Mandatory Mandatory Optional
e B4 (replacement) — — Optional
85 (refurbishment) — — Optional
86 (operational energy) - — Optional
B7 (operational wates) - — Optional
] AT T oo e e
€1 (deconstruction) Pt el Y m’:;’n"
c Q2 (transport) : T Mandatory
C3 (waste processing) Scale-up factor
C4 (disposal) Mandatory

D D (reuse, recoves, recycle)

* Compliant with BS EN 15804:2012+A2:2019, therefore modules C and D are mandatory whereas they are optional

for BS EN 15804:2012+A1:2013

Legend:

Mandatory: calculations are mandatory for this life cycle stage module

Optional: calculations are optional for this life cycle stage module

Scale-up factor: life cycle stage module included through a scale-up factor

— Not induded in calculation

Type of inf

ded for the calculati

Manufacturer product-specific information
Product generic assumption unless manufacturer information available

Product generic assumption

Scale-up factor based on product complexity (no manufacturer information needed)

Not included in the calculation, th

z,

e no i

' v ded

More detailed information can be found in Appendix C.



TM65 - manufacturer form
Ty
\ 4

Capacity of equipment/size
Product service life (year)
Product weight (kg)
Material composition breakdown (95%)
Refrigerant used + charge (kg)
Components replaced over service life

Essential

information

to carry any CIBSE
TM®65 calculations

Manufacturer form

z

Final assembly factory location ‘—. isnu Oﬂﬁ?ci%nrfa ry
. Final assembly factory energy use (kWh) needed for Mid Level
Factories from supply chain location calculations

Operational efficiency of product

. Annual waste output at final assembly
factory (kg)

- Annual water consumption at final as-

sembly factory (m3)
Renewable energy onsite factory (kWh)
% product reused, recovered or recycled
Maintenance recommendations
Warranty (years) .
Ownership mode :



TM65 - basic calculation method

Embodied carbon
of MEP product

95% product material
composition breakdown

needed
Methods .

Material m

extraction

Refrigerant
leakage

Scale up Buffer
x Dz factor x 1 3 factor

A

Product complexity

Step1&2 —— Step3 — Step4 ——) Step 5



TM65 - mid-level calculation method

Embodied carbon
of MEP product

95% product material
composition breakdown
needed

Product complexity

' -
_(\ﬂ Material Transport to A + Transport to
ZLa} extraction factory -+ | anufacturing site -+
X 1 3 ?uffer * Refrigerant
actor + leakage

Methods

Step 1 (A1-A4) —— Step 2 (c2-c4) —— Step 3 (83) —> Step 4 ——) Step S



TM65 - reporting results

Results format

Basic calculation Notes/source d-level calculatio Notes/source
Date of assessment dd/mm/yy e ddfmmiyy
N. f ass d assess = AN Other
Name of assessor and assessor organisation A N Other e of assessor and asmessor organisation
r ANOE Contact details of assessor AN Other
Contact details of assessor er
g A Product information
Product information Type of product s
Type of product Heat pump Capacity of equipment/size (kW m?; litres; etc.) 100 kW
Capacity/size of equipment (kW; m3; litres; etc.) 100 kW Product weight (kg) 1000
Product weight (kg) 1000 kg Material % breakdown for at least 95% of the product weight? (Y/N) Y
N Service life of the product (years) 15
Material % breakdown for at least 95% of the product weight? (Y/N) Y -
I based, type of refrigerant used R410a (GWP = 2088)
Product service life (years) 15 charge (kg) 5
If refrigerant based, type of refrigerant used and GWP R410a (GWP = 2088) Energy consumption of the factory per unit of product 200 KW-h
Refrigerant charge (kg) 35 kg Location of manufacture France, Europe
Product complexity category 3 Product complexity category =
GWP results (kg CO,e) breakdown
;. : Rl
GWP results (kgCO,e) — without refrigerant TR —— = e
A1: Material extraction (original product) 5319 A2: Transport 792 TMES5 assumptions
A1: Material extraction (components that are replaced in B3) 532 A3: Manufacturing 72 TME5 assumptions
A1-A4, B3, C2-C4: Total embodied carbon with scale-up and buffer 12,170 femope) -
factors (excluding refrigerant leakage) M: Transport o site 198 TME5 assumptions
. AS: Constructios
GWP result (kgCO,e) — refrigerant leakage only — —
; pe——— ) 5310 B1: Use 43,848 TMES lekage type 2
B1 (refrigerant leakage during use) 5 " - '
+ C1 (refrigerant leakage end of life) &2 L given By il e
B3: Repair 666 TMES assumptions
GWP result with ‘basic’ calculation method (kgCO,e) — total B4: Replacement na
Result of ‘basic’ calculation | 57,479 B5: Refurbishment na
: ti J
Assumptions B6: Operationsl enargy na
B7: Opesational water na
A1: Material carbon coefficient source T™M65
C1: Deconstruction 1462 TMES leskage type 2
B1: Refrigerant annual leakage rate (%) 4% Type 2 (TM65 Table 4.13) C2: Transport 12
C1: Refrigerant end of life recovery rate (%) 98% Type 2 (TM65 Table 4.13) C3: Waste processing 68
B3: Materials replaced as part of repair (%) 10% As per TM65 Step 2.1 C4: Disposal 3 TMES assumptions
Details GWP results (kg CO,e) — without refrigerant leakage

Please provide any relevant details I

A1-CA (excluding B1, C1) ]

7331

I

A1-C4 with buffer factor (excluding B1, C1) [

9531

GWP result (kg COze) — only refrigerant leakage

B1 (refrigerant leakage during use)
+ C1 {refrigerant leakage end of life)

45,310

GWP result with ‘mid-level calculation” method (kg COze) — total

Resuit of ‘mid-level calculation” | 54,840 |
Assumptions
B1: Refrigerant annual leakage rate (%) 4% TMES leakage type 2
C1: Refrigerant end of life recovery rate (%) 98% TMES leakage type 2
B3: Materials replaced as part of repair (%) 10% TME5 assumptions
C4: Percentage of product going to landfil (%) 0% TME5 assumptions
Details

Please provide any relevant details |




TM65 - 542 kW heat pump example

M A1: Material extraction

Basic i
. B B3: Repair
calculation
Scale up factor Scale up factor

method

W Buffer factor

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
kgCO.e

B A1: Material extraction

B A2: Transport
Mid-level B A3: Manufacturing
calculation W A4: Transport to site
method

B B3: Repair

B C2: Transport

W C3: Waste processing
B C4: Disposal

W Buffer factor

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
kgCO,e



System-level
assessment




TM65.1: Embodied carbon of building services:
residential heating




Heat Pumps

1. Heat pumps - results by kW
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2. Heat pumps - results by kW
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3. Heat pumps - absolute results against capacity (kW)
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Products findings - Average kgCO2e/kg
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Results - 100 apartment scheme

Embodied carbon results WITH refrigerant leakage (A1-A4, B1, B3-B4, C1, C2-C4)

Min Average Max
i m 1 - 169 ‘
2 er 50 75 100 125
kgCO,e/m?
Embodied carbon results WITHOUT refrigerant leakage (A1-A4, B3-B4, C2-C4)
Min Average Max
B /3—6\ ' — 86 {137 >
25 50 175 100 125
kgCO,e/m?
3. Communal district
heating Communal gas boiler
& CHP
- 2. Individual DHW .
iR heat & direct Y
g_qcv.} | eat pump & direc ﬁﬁt&mﬂm&
S® I8 Dlrgct ;m;
oot electric qu

Riiss e
Central generation JITT TCCO

e [mE
-DJS: i 100 units dev.

2bd - 61m?

TOP 3 most impactful elements
Heat emitter Heat generation

mLrERE )|

f

gl pin] Mgty

Heat Heat Heat Heat DHW DHW  Piping Piping Communal Heat central
distribution valves control generation interface pipe storage outside outside plantroom generation
unit dwelling building

Heat Heat
emitter

100 Units Residential Development: Upfront Embodied Carbon (A1-A4) in

kgCO2e/m2
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100 Units Residential Development: Embodied carbon (A1-A4,B3-B4,C2-C4)
excluding refrigerant leakage in kgCO2e/m2
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How to use in ANZ
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TM65 ANZ Addendum

How to adapt
CIBSE TM65
outside the UK
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TM 65 basic method in ANZ - local assumptions

1. Refrigerant leakage scenarios

Scale up Buffer Refrigerant
X factor X 1 -3 factor + ‘ leakage
A

Product complexity

Step1&2 —— Step3 — Step4 ——) Step 5



TM 65 mid-level method in ANZ - local assumptions

1. Carbon factors for transport (A2 - transport to factory, A4 -transport to site) are updated to 2021

2. Detailed carbon factors for electricity (A3 - manufacturing) to reflect regional factors in Australia and
New Zealand

3. Local carbon factor for gas (A3 - manufacturing) to reflect regional factor in Australia and New
Zealand

4. Local transport scenarios (A4 - transport to site)
Refrigerant leakage scenarios (B1 - use, C1 - Deconstruction) as per the basic calculation
6. Local carbon factor for landfill (C4 - disposal)

U

95% product material
composition breakdown

Product complexit;
needed .

. .

: .

. o
- A
z ateri Transport to )
A extraction factor

Buffer i
Refi t
x1.3 factor + ‘ |eZ|::agge;an

Step 1 (A1-A4) ——) Step 2 (c2-c4) —) Step 3 (83) — Step4 ——) Step 5



Green Star Responsible Systems

Green Star Buildings

Submission Guidelines

9

‘censtar

Green Star Buidings Responsible Systams

Responsible Systems
Responsible

Outcome

Criteria

O 1 .« 20%ofeh cost) Value of at
point loast 6.

In conjunction wih the Credt Achievement:
+ 5% of all active buikding systems (by cost) meet a Responsible Products Value of at
least 11

+ 38% of all active building systems (by cost) meet a Responsible Products Value of at
loast 6.

Additional information
Stage implementation

t Design. Tender ‘Construction

Synergies with other credits
+ Responsbie Stucture

+ Lie Cycle Impacts.
+ Upfront Carbon Emissions.

Sustainable Development Goals
+ Goal 9 (industry, Innovation and Infrastructure)




CIBSE TM65 next
steps




CIBSE TM65 ANZ - web-based tool
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CIBSE TM65.2 - Embodied carbon of HVAC strategies in offices (UK)

4 )
TECHNICAL MEMORANDUM

OF EMBODIED CARBON OF HVAC
SYSTEMS IN OFFICES
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CIBSE TM65 ANZ Addendum

-

-«

%/ " Coming... Spring 2022
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TM65 Key Takeaways

« We need to understand, measure and reduce embodied carbon

« Building Services equipment is a ‘grey area’

« TMG65 provides a methodology to benchmark equipment and establish industry averages
when EPDs are not available

« Rules-of-thumb can be created for system types to help inform early engineering decisions
and make embodied carbon a key design driver

« TMG65 is a stepping stone... we hope that it encourages the Building Services equipment
supply chain to adopt formal EPDs

« TM65 ANZ addendum will be released to industry this Spring



Thank you ;)




