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Water ingress and
damage to timber frame

Lack of fire protection

Water penetration
through cladding and
balconies (leaks)

Gas & services leaks
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1. Introduction & Background

PROJECT
Refurbishment and New Build

EXISTING
BUILDINGS

Partially retained Demolished Demolished Partially retained

PROPOSED
BUILDINGS

Refurbished Refurbished
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1. Introduction & Background

COMPARISON = O ECD Architects [miNkne

Refurb|Shed vsS New BU|Id (per Sq m) ENERGY CONSCIOUS DESIGN
Embodied Carbon: Refurbish or Rebuild

GreenSky Thinking 2017

Refurbishment Is usually considered a better altemative than demolition due to the

Strip'out + Refu rbiSh = TOtal embodied carbon present in the materials to construct the building. While low energy
refurbishment should lead to significant whole life operational energy reductions,

= h hy iated embodied carbon? And would it b b by d fish

275 + 324 = 599 KgCO2/sqm R e e
the original structure prior to demolition? A case study in London will be used

1 0, which is a medium high-rise building - some of which will be demolished and

DemO|ItI0n + NEW BUI|d = TOta| The NeW Bu”d has used 20/0 more some of which will be refurbished
embodied carbon than the

316 +406 = 722 KgCO2/sqm Refurbished, when taking into

account the full demolition phases +
the new phases.

Reason for the small difference:
Level of refurbishment (13% of EC retained)

Refurbished New Build Refurbished
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WHY PASSIVHAUS?
Quality Control and Resident Comfort

How does achieving the Passivhaus Certification ensure quality?

1.

2.

ukpassivhaus
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Benchmarked standard with independent certification

Proven significant reduction in ‘Performance Gap’ compared to UK average

Measurement of airtightness before, during and after construction provides good indicator of build quality

Use of PH certified products ensures performance requirements of key building products

Reduced thermal bridging and improved ventilation will result in reduced condensation risk

Use of PHPP rather than SAP offers a more reliable tool in predicting enerqgy performance

Provides a smoother transition on completion (Soft Landings) with better commissioning process

Provides the client with fixed standards which can be written into the contract

MIND THE PERFORMANCE GAP
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2. Aim of study & Terms of Reference

Whole life carbon implications (new build only)
B.Regs Part L vs Passivhaus

PROPOSED
BUILDINGS

No. 46

Refurbished New Build Refurbished
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While operational carbon is still much greater than embodied
carbon, as we design and build to higher fabric standards,
proportionally the embodied carbon will increase as the

operational energy use reduces.

Embodied carbon
projects
Low-carbon
[current bast practice]
projects
(2016 dwellings; 2013 non-dwellings)
Life Cycle Energy Demand, GJ
9000
Life Cycle
Operational Ene
6000 pe ray
6004 7451 m
Embodied Energy
3000
0
PH Part L Notional Building

Andreou, E. (2015) (50 year lifespan)
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Operational carbon [regulated energy]

The ratio of embodied to operational carbon increases as
Building Regulations are revised - from RICS - Methodology
to calculate embodied carbon
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Whole life carbon implications

» Reference study period (RSP): 60 years
* Only KgCO2e has been assessed (carbon dioxide equivalent)
* Only elements that are different between a nominal Part L and Passivhaus construction were included

From the “RICS Whole life carbon measurement: Implementation in the Build Environment” document we identified the minimum scope:
+ Life Stages: (Product Stage [A1 — A3], Construction process stage [A4-A5] and Operational Energy Use [B6])

Product Stage [Al — A3]

Materials assessed:

* Insulation to walls and roofs (different thicknesses)

* Double vs triple glazed windows

Carbon Difference = B.Regs Part L — Passivhaus

Carbon Difference = B.Regs Part L ([A1+A2+A3] + [A4] + [A5] + [B4+B6]) - Passivhaus ([A1+A2+A3] + [A4] + [A5] + [B4+B6])

This is not a full Life Cycle Assessment, as it does not include aspects such as resources, water, toxicity, waste and recycling, etc.
A comprehensive Life Cycle Assessment should include the triple bottom line: social, economic and environmental sustainability.
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3. How to calculate Embodied Carbon?

Summary
Volume (m3) = area (m?) x thickness (m)
Mass = volume (m3) x density (kg/ms3);

Embodied Carbon (kgCO2) = Mass (kg) x Embodied carbon factor (kgCO2/kg)

Embodied carbon
conversion factor of
concrete blocks

Embodied carbon
‘,‘// ‘ ineulation x conversionfacto of
Embodied carb:
5;; - B B
ﬂa'
Embodied b
" Quantityot PV St
mortar mortar
st K x S
wall ties wall ties

Approach to cradle-to-gate carbon calculations:
a cavity wall is broken down to its components

Quantity of

concrete bricks

Embodied carbon of
insulation

Embodied
carbon

Embodied carbon of
bricks

Embodied carbon of
concrete blocks \

cavity
wall

Embodied carbon of
mortar

Embodied carbon of
wall ties

Source: RICS - Methodology to calculate embodied carbon, 1st edition.
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Databases and Software
. EPDs - Environmental Product Declarations - reports transparently on Life cycle assessment, including

embodied carbon by manufacturers in accordance with ISO 14015 http://www.environdec.com/

. IMPACT - (Integrated Material Profile and Costing Tool) is an IES LCA/LCC plug-in utilising BIM generated

quantities - www.impactwba.com/

. Bath University Inventory of Carbon and Energy (ICE)

. OneClick LCA - www.oneclicklca.com

. Rapiere - http://rapiere.net

. Tally - http://choosetally.com/

. IES - www.iesve.com

. Butterfly - www.blpinsurance.com/added-services/life-cycle-costing/

. Open LCA - free LCA software www.openlca.org

. SimaPro & Ecolnvent - http://www.simapro.co.uk/

. Gabi (& Ecoinvent) - http://www.gabi-software.com/databases/

ukpassivhaus
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Calculating Embodied Carbon in real-time

oD 1. Select Project Parameter under Management tab

REVIT

2. Add a new Project Parameter for Global Warming Potential
(GWP/m2)

3. Create new Material Take-Off from Schedule dropdown menu
Create separate schedules for walls, windows, curtain wall
elements, floors, roofs, etc.

4. Select the following fields:
Family and Type

Material: Name

Material: Area

Material: GWP/m2 (new parameter)

5. Create a calculated value for Total GWP
Material: Area*([Material: GWP/m2]/1)

6. Filter to show the desired materials.

7. Select Grand Totals and sort as required.

ukpassivhaus
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Parameter Properties

Parameter Type
© Project parameter

(Can appear in schedues but not n tags)
(© Shared parameter

(Can be shared by muitiple projects and families, exported to ODBC, and
appear in schedues and tags)

Parameter Data

g
H

.
GWPm2 o Type

Discipline: @ Instance

LR
e
‘ .

<No tooltip description. Edit ths parameter to write a custom tooltp. Custom tooltips hav...

Edit Tooltp...

Add to all elements in the selected categories

© Values are aligned per group type

Vales can vary by group instance

Categories

Fiterlist:  <show al>

[“hide un-checked categories

0 Levels

[ Lighting Devices

[ Lighting Fotures

[ MEP Fabrication Containmert
(] MEP Fabrication Ductwork

(] MEP Fabrication Hangers
[ MEP Fabrcation Ppework
@[] Mass

¥l Materials

(] Mechanical Equipment -~

O Pie tions.
[ Pipe Piaceholders
O Pipes.

O Piping Systems
0O Pianting

Check Al Chedktone |

[ o J[ caxed ][ rep

J

Material Takeoff Properties

%

Fields |Fiter | Sorting/Grouping | Formatting |

Select avaiable fieds from:
[wals -

Available fields:

Scheduled fields (in order):

Image

Keynote

Length

Manufacturer

Mark

Material: As Paint
Material: Comments
Material: Cost
Material: Desaription
Material: Image
Material: Keynote
Material: Manufacturer
Material: Mark
Material: Model >

[T

n 4

Family and Type
Material: Name
Material: Area

[ Indlude elements n finks

1€ {E

ok | concel ][ hep |

Calculated Value

Name: Total GWP

@ Formula

(_) Percentage

Discipline: [Common

[Area

Material: Area*([Material: GWP/m2]/1)

[ o

J [ conct ]
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Main Model

Select v Settings Project Location Design Options
e
Properties x P I
AMLaiiad PRI
Material Browser - Fiberglass Batt ? %
E Schedule T [Fami
Search Q|| 1dentity [Graphics| Appearance | Physical | Thermal
Schedule: Wall Material Ta v Edit Type % Project Materials: All v fl] » ¥ Shading
e A . Naiie - Use Render Appearance
Veibiliy/Graphi.. = [l RGB 127 127 127
ldenitty eta = ! Door - Handle
View Template <None> 0
View Name Wall Material Tak... . |- 1 = Matésial Parameters B
Dependency  |independent L. Door - Panel ety
Phasing B Parameter | Value |
Phase Filter Show All . Earth = x
Phase New Construction | | 2 =
. — GWP/m2 12,000 m*
Other A u Fiberglass Batt
Fields Edit... =
Filter Edit... U
v
Sorting/Grouping Edit... 82 e Gl
Properties help Apply
Glass, Clear Glazing
Project Browser - Projectl X _
=0, Views (all) G Wall Board
o, ypsum Wall Boar
=) Floor Plans. u
sl B Insulation / Support i
Gt nsulation / Support Frame
Site
@ Ceiling Plans Tron, Ductile o ]
- 3D Views v
- Elevations (12mm Circle)

& Legends
Schedules/Quantities

] Sheets (all)
A100 - Unnamed

E-@-8 «

-] Families
<Wall Material Takeoff Part L>
A | B | C | D | E
Material Name : Material: Area | Materiak GWP/m2 | Total GWP

Basic Wall: Ext-MS-F00-Stud100.Tiles.03.TBC Insulation 98.6 m* 12.0 1183.7
Basic Wall: Ext-MS-FE0-Stud100.ACM.02.450.5 Insulation 1619.1 m* 12.0 19429.6
Basic Wall: Ext-MS-F60-Stud100.ACM.02.516.5 { 4.4m 12.0 527
Basic Wall: Ext-MS-F60-Stud100.ACM.02.528 Insulation 46m* 12.0 55.5
Basic Wall: Ext-MS-FE0-Stud100.Brick.447 i 84.8 m* 12.0 1017.7
Basic Wall: Ext-MS-FE0-Stud100.Brick.516.5 Insulation 126.9 m* 12.0 1522.3
Basic Wall: Ext-14S-F&0-Stud100.BrickSlip.450.5 Insulation 192.4 m* 12.0 2308.3
Basic Wall: Ext-MS-F60-Stud100.BrickSlip.516.5 Insulation 234m* 12.0 280.8
Basic Wall: Ext-IMS-FE0-Stud100.BrickSlip.528 Insulation 208 m* 12.0 2514
Basic Wall: Ext-14S-F60-Stud250.ACM.04.600 i 782 m* 12.0 938.2

74 22533 m* 27040.0

ukpassivhaus
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8. Add GWP/m2 value within the Material
Browser under Custom Parameters or by
typing in the schedule directly (data from
EPDs)

BIM Level 2 model

9. Real-time schedules with results,
per component type.
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6. Results

Construction Construction q
Operational
Product Stage Stage Stage
: Energy use
Transport Installation
Al/A2/A3 Al A5 B6
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6. Results

Construction Construction
Product Stage Stage Stage

Transport Installation
Al/A2/A3 A5 B6

Operational
Energy use

A1l-A3 Product Stage

A1-A3 Product Stage

Building Regulations Part L Quantity Density Mass GWP Product Stage
Length Area Volume Al/A2/A3 Al/A2/A3
Material Description m m2 m3 Kg/m Kg/m2 Kg/m3 Kg  KgCO2E/m2 KgCO2E/Kg kgCO2 TonnesCO2
1 Mineral Wool Insulation (Wall) 150mm 2253 12 27039.60
2 wWindow - Glass (Double Glazed) 1290 0.417 537.93
3 Window - Frame (Aluminium) 2337.023 1.83 4276.8 284 35924.72
4 Roof Insulation PU foam 120mm 819.2 14.8 12124.16
75,626.41 75.63
Passivhaus Quantity Density GWP Product Stage
Length Area Volume Al/A2/A3 Al/A2/A3
Material Description m m2 m3 Kg/m Kg/m2 Kg/m3 Kg  KgCO2E/m2 KgCO2E/Kg kgCO2 TonnesCO2
1 Mineral Wool Insulation (Wall) 200mm 2253 15 33799.50
2 Window - Glass (Triple Glazed) 1935 0.417 806.90
3 Window - Frame (Aluminium) 2337.023 1.94 4533.8 8.5 38537.51
4 Roof Insulation PU foam 200mm 819.2 24.6 20152.32
93,296.22 93.30

Difference (TonnesCO2) - 17,669.82
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6. Results

Construction Construction

Operational
Product Stage Stage Stage

: Energy use
Transport Installation

Al/A2/A3 A4 A5 B6

A4 Transport Stage

Carbon
Building Regulations Part L Quantity Density Transport  Source of Dist.  Vehicle Conversion Transport Emissions
Distance Data Type Factor
Length Area Volume Km EPD or RICS DEFRA  Source: DEFRA A1/A2/A3 A1/A2/A3
Material Description m m2 m3 Kg/m Kg/m2 Kg/m3 Kg KgCO2E/m2 KgCO2E/Kg averages kgCo2 TonnesCO2
1 Mineral Wool Insulation (Wall) 150mm 2253 13 EPD 2029.29 2.93
2 Window - Glass 3mm (Double Glazed) 1290 0.417 EPD 537.93 0.54
3 Window - Frame (Aluminium) 2337.023 1.83 4276.75 1500 RICS HGV Diesel 0.076 487.55 0.49
4 Roof Insulation PU foam 120mm 819.2 0.289 EPD 236.75 0.24
4,191.52 4,19
Carbon
Passivhaus (o [TET 14147] Density Transport  Source of Dist. Conversion Transport Emissions
Distance Data Type Factor
Length Area Volume Km EPD or RICS A1/A2/A3 A1/A2/A3
Material Description m m2 m3 Kg/m Kg/m2 Kg/m3 Kg GWP/m2  GWP/Kg kgCO2 TonnesCO2
1 Mineral Wool Insulation (Wall) 200mm 2253 1.7 EPD 3830.61 3.83
2 Window - Glass (Triple Glazed) 1935 0.417 EPD 806.90 0.81
3 Window - Frame (Aluminium) 2337.023 1.94 4533.82 1500 RICS HGV Diesel 0.076 516.86 0.52
4 Roof Insulatien PU foam 200mm 819.2 0.48 EPD 393.22 0.39
5,547.58 5.55
Difference (TonnesCO2) - 1,356.06 - 136
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6. Results

Construction Construction

Product Stage Stage Stage
Transport Installation
Al/A2/A3 A5 B6

Operational
Energy use

A5 Construction/ Installation Stage

A5 Construction/Installation Emissions

Building Regulations Part L Quantity Units

RICS average data

Project value Confidential

Average Carbon emission / £100,000 of project value 1,400 KgCO2
Total emissions A5 Confidential KgCO2
Total emissions A5 (tonnes) Confidential TonnesCO2
Passivhaus Quantity Units

RICS average data

Project value Confidential

Average Carbon emission / £100,000 of project value 1,400 KgCO2

Total emissions AS Confidential KgCO2

Total emissions A5 (tonnes) Confidential TonnesCO2
Difference [A5] 2.38 TonnesCO2
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6. Results

Construction Construction

Operational
Product Stage Stage Stage

. Energy use
Transport Installation

Al/A2/A3 A5 B6

B6 Operational Energy Use

Building Regulations Part L Quantity Units
SAP data from MEP Engineers

Part L (B.Regs 2013) Base Case

a Regulated Energy (per year) 64.57 TonnesCO2
x 60 years 3874.2 TonnesCO2

b Unregulated Energy 66.52 TonnesCO2
x 60 years 3991.20 TonnesCO2

at+h Regulated + Unregulated Energy over 60 years 7,865.40 TonnesCO2
Passivhaus Quantity Units

SAP data from MEP Engineers

Passivhaus
a Regulated Energy (per year) 50.31 TonnesCO2
x 60 years 3018.6 TonnesCO2
b Unregulated Energy 66.52 TonnesCO2
x 60 years 3991.20 TonnesCO2
at+b Regulated + Unregulated Energy over 60 years 7,009.80 TonnesCO2
Difference [B6] 855.60 TonnesCO2
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6. Results

Totals Comparison of different materials and components only

Construction Construction . .
Operational Operational -
Product Stage Stage Stage Total Emissions
. Replacement Energy use
Transport Installation

A1/A2/A3 A5 B4 B6 A1-A5, B6

TonnesCO2 TonnesCO2 TonnesCO2 TonnesCO2 TonnesCO2
75.63 4.19 224.00 36.46 7.865.40 8,205.68
93.30 5.55 226.38 39.34 7,009.80 7,374.37

Carbon difference 17.67 1.36 2.38 2.88 - 855.60 - 831.31 TonnesCO2

Embodied + Operational Carbon

Embodied + Operational Carbon 12,00000
Part L vs Passivhaus

10,000.00
(Whole building embodied carbon from previous study) 8,000.00
6,000.00

Operational 4,000.00
+ Energy use

Product Stage

2,000.00

B6

Al/A2/A3

Part L Passivhaus

M Embodied Carbon  mOperational Carbon
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Embodied _
carbon 8
22% 4B

Operational
carbon
78%

4
4

~/ 2012

Total annual built
environment emissions
202MtCO,e

Limitations/Exclusions of the study

* Lack of sufficient LCA data available for products (EPDs), inc. electrical & mechanical systems.

* We excluded the replacement of any components that remained the same for both scenarios, but included
the replacement of components that were different, ie. windows.

BIM
* Future use of BIM models for whole life carbon.
* Increase knowledge of whole life carbon within the practice. Embodied opertons
4% 4 66%
Whole life carbon & 2025
* High quality design and construction (durability and long life expectancy of the construction) is really - HaMcg;e [
essential to reduce carbon emissions. i

* Deep refurbishments (strip-out to the main structure) may not provide significant carbon savings when

Op
compared to a new build but there may be other reasons to refurbish instead of re-build.
45MtCO.e
* To build to the Passivhaus Standard, as opposed to only Building Regulations Part L requirements, have | .
numerous significant benefits, including whole life carbon reductions. ~

Operational

* As Operational Carbon will continue to decrease in the future, designers should take into account
Embodied Carbon when designing low-energy buildings in order to achieve significant carbon reductions.

i

Increasing significance of embodied
carbon (in 80% emissions reduction io)iel

Source: UKGBC Developing a Client Brief £ “
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Thank you

Loreana Padron
loreana.padron@ecda.co.uk

ECD Architects Ltd
Studio 3, Blue Lion Place, 237 Long Lane, London SE1 4PU
T. 020 7939 7500 www.ecda.co.uk

R renaays 7 = O ECD Architects @ bre

ENERGY CONSCIOUS DESIGN



