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Carbon neutral building?

Carbon footprint Carbon handprint

« Energy production, e.g. solar,

« Materials (A]—S) geothermcﬂ (D)
« Construction (A4-5; B1-7) « Renewable energy sales (D)
« Energy consumption (C1-4) . Carbon storages (D)

- Benefits from reuse and recycling (D)

« Compensations (D)

A

Source: Granlund Oy / Ulla Nykter, 2021
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Storing carbon into
buildings

Carbon storage of the Lighthouse Joensuu is
equal to annual CO2 emissions of 700 cars

Life cycle carbon footprint, share %
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Source: Sustainability Case Study - The Lighthouse Joensuu project, Stora Enso




Regulatory development in Europe

Life Cycle Analysis Mandatory Climate certifications for Life Cycle Analysis CO2 limit values for
mandatory Environmental Product buildings mandatory by mandatory in public different building types
Declarations (EPD) for 2022 buildings by 2025

building materials
CO2 limit values by 2028
CO2 limit values

b |
Source: Finnish Ministry of the Environment, 2018/2021 ( Ka re l l a



Design optimization-
Choosing more advanced solution leads to lower CO2e

Taulukko 1. Valipohjien GWP100 hiilijalanjaljen, hiilivaraston seka valipohjan korkeuden tuloksia
Table 1. Results for GWP100 carbon footprint, carbon storage, and intermediate floor height

Rakennekuvaus ' 1 1| |
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Ripa-laatta CLT 320 L8s-2 RIPA-CLT: Liittolaatta Liittolaatta Kotelolaatta CLT Kerto-Ripa: Liittolaatta 032, betoni Paikalla valettu terasbetonilaatta
Ripa slab GL30h 90x225 Composite slab Composite slab Box slab CLT Kerto-Q levy 25 mm + | Composite slab 120 C30/37+kelluva laatta Reinforced concrete
GL30c 90x810 k600 + CLT 180 L5s 100 mm + CLT200 | 100 mm + RIPA-CLT: 80 L3s Kerto-S 51x600 k583 mm + Ripa GL30h 032, concrete C30/37 + cast-in-situ slab
L5s CLT120 L3s+GL30h + LVL-S 63x200 k590 115x225 k380 floating panel C25/30 hl=400 mm, ASOOHW
e e o - . (- 0§ I o A e e RS 1 N ' 1+ I
A Y
WP100
kg CO,e/m?) 60,8 777 66,9 63,9 66,7 59,2 42,3 521 770 954 |
iilivarasto Ei laskettu, vaikuttaa Ei laskettu, vaikuttaa I
arbon storage karbonoitumisnopeudet karbonoitumisnopeudet |
‘GWPbio/GWden) hiilinieluna toimiessa (kaytto, hiilinieluna toimiessa (kaytto, 1
-kg CO,e/m?) elinkaaren loppu) elinkaaren loppu)
1 1233 2430 168.1 1556 2 1444 53 5T Not Calculated, Affects Not Calculated, Affects |
1 Carbonation Speed When Carbonation Speed When Acting 1
Acting as a Carbon Sink (Use, as a Carbon Sink (Use, End of Lifel
v End of Life Cycle) Cycle) /
L, jannevali=8,5 metria L, span = 8.5 meters
Kuormituksina; hyotykuorma q,k1=2,5 kN/m? ja Qk,1=3,0 kN (luokka C1), pysyvat kuormat g,k1=1,8 kN/m? load; useful load q, k1 = 2.5 kN/m? and Qk, 1 = 3.0 kN (class C1), permanent loads g, k1 = 1.8 kN/m?
Taipumarajat SLS: Winst=L/400, Wnet,fin=L/300 ja Wfin=L/200. Deflection limits SLS: Winst = L/400, Wnet, fin = L/300 and Wfin = L/200.
Valipohjan vérahtelylle taajuuskriteeri min. 4,5 Hz ja esiintymistineys kriteeri 9,0 Hz. Kiihtyvyyskriteeri 0,050 m/s?. Frequency criterion for intermediate floor vibration min. 4.5 Hz and appearance frequency criterion 9.0 Hz. Acceleration criterion 0.050 m/s’.

https.//puuinfo.fi/wp-
content/uploads/2020/06/Puu_2 19 kokonaan low_res 0.pdf
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https://puuinfo.fi/wp-content/uploads/2020/06/Puu_2_19_kokonaan_low_res_0.pdf

The basis of consistent data and results

P Standards _
| Basic principles and
LCA databases and EPD’s demands for LCA

EN15804 | - ISO 14040 ja ISO 14044

Material VT Vaterial o
. n CO2- e
B factor
.‘
O

Definitions of

Databases LCA

Quantities of
the building

300/BoM K Karelia



Who and what are the major influencers at

construction sector?
Building project owner gives a bigger picture but...

 Architects and structural designers: Shape and modelling of the

' building: spans, materials, service life.

 Building services engineering: HVAC and sewer systems, optimal
| routes

___________________________________________________________________________

Construction | Structural designer: Potential for pre-construction
process . Construction phase/ Site operations: Start time, logistics

S~ : ' Architectural/ Structural |
1-4 B Sl | scenarios and detailing |

Design choices
at early stages!
\Q Benefits and loads

Objectives for
circular economy!

beyond the system

boundary ( Karelia

Life-cycle stages according to EN 15978



- Most contributing building elements should
be identified and optimized

- Cut-out rules should be applied to early

Ea rI Sta es design for fast results
- Goals for design should be made
O
Of Iq n n I n — By experience the most affecting are
horizontal and vertical structural elements (A1-3).

Focus should be on them...
- 122 Ground floor

@
co n t r I b u te - 123 Structural frame, especially intermediate floors
- 124 Facades

- 126 Roofs

t he mOSt.. - Foundations (121) are also a major player but

not suitable for larger optlmlzotlon due to
- Minimun foundations sizes (building regulations)
- The/ocotion itself is determined in the
city/municipal planning
- Optimization can mostly be made with concrete

classes and reinforcement. Site works dont
contribute that much.

K Karelia




Best scenarios for low carbon construction?

Identify structural design alternatives

Grid Spacing Span distance Floor height Load combinations Load Cases

Design has to be updated for this change. '

Create theoretical limits for material alternatives

Best properties Worst properties Optimal properties

Decrease alternatives and variations

Alternatives Goals Variations

A 4

Classify goals and possibilities

Price Strenght Availability Density Carbon footprint/ Social impacts Environmental

' handprint Impacts

Optimize e.g. cross-sections by structural demands

Allowed height

(buckling) Allowed weight Fire resistance Vibrations Load-bearing capacity Durability

e v (Karelia

Lahde: Low-carbon design of structural components by integrating material and structural optimization. C.Zhang, H.Huang, L.Zhang, H.Bao, ZF. Liu




Low carbon
materials

(virgin materials

It is not only about kg CO2e/ kg for
each material

104 - - .
i | Strength-Mass of CO,/m?® Composites
] Sltain'less Metal
s steels
Technical  capon SisNs [CFRP | AIND o otals
ceramics A=telme bt/ Tk
103 - i i sic N R TNl
3 AlO3 N (1 ' \) :
1 Castirons ./ [ O;\W alloys
i Zinc alloys J }
H i GFRP i
Non-technlcal PMMA
ceramics Hardwood_ | —u X i Ni alloys
102 e /i to grain i P ERa M| I | [ SRS
e : fcl’hw‘x?d Cu alloys ,
© o grain \0 /
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é Stone \ Y
=) 10 = Natural S B8 I‘ ,,,,,,, /1 Al alloys
= 3 materials (| 1
D . ) PEEK
c »
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=
[} Concrete X Silicones
1 (1 Leather Neoprene
3 Butyl rubber Polymers and |
elastomers .-~ Guidelines for | |
Foams __/ Rigid polymer minimum COp| |
foams design
0.1
Flexible polymer COZE’ COy, co2p
foams G 623 g2
0.01 < == ‘ . . MFA 1T
102 10° 10 10° 106

Mass of CO, per cubic meter, CO,p (kg/m?®)

Figure 2.2: Ashby diagrams Embodied carbon (kgCOZ2e/m3) versus strength (MPa) (Ashby, 2012)

The situation is changing from this Ashby chart!
Markets have introduced more low carbon and re-use alternatives for “green”
concrete (Lujabetoni) and steel (Ruukki/SSAB HYBRIT Fossil Free steel)

K Karelia

Ldhde: Low Carbon Pathways for Structural Design:Embodied Life Cycle Impacts of Building Structures Catherine De Wolf




Structural optimization eI O Re e leahie Ria N o e 1o1%
from carbon footprint
viewpoint

houses

- Alternatives for

timber frame (W/W)

CLT/LVL (W/wW2)

Conrete/hollow core slabs (C/C)
Hybrid Conrete/CLT (C/W)
CLT/concrete (W/C)

ENEAEN

- Optimization should be started
first from one floor and then
applied to others

- Making life easier for LCA expert can
lbe one good goal as well




First step: Define goals
Find the best grid spacing and span distances.
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Second step: Define loads

Wood/ wood

12000,00
10000,00
8000,00
6000,00
4000,00
2000,00

m Tension Forces (kN)

® Gravity loads+Live Loads kN/m

m Vertical loads (including stiffening) kN/m
m Max. forces from stiffening (kN/m)

m Median of all factors

Wood (walls)/ Concrete (floors)

12000,00

10000,00 —

8000,00 |

6000,00

4000,00

s sl AR R

0.00 [ | | [ | | n "
1 2 3 4 5 6

Load option

mTension Forces (kN) m Gravity loads+Live Loads kN/m
m Vertical loads (including stiffening) kN/m m Max. forces from stiffening (KN/m)

m Median of all factors

|I||I ||||| |I|II ||||| ||||| ||||| |||||
1 2 3 4 5 6 7

7

12000.00
10000,00
8000,00
6000,00
4000,00
2000,00
0,00

10000,00
8000,00
6000.00
4000,00
2000,00

0,00

\
\
\
||| il Sl kLl Ll
-‘ - | - - L _‘
1 2 3 4 5 7

1 2 3 4 5 6 7

Concrete/Concrete

)]

m Tension Forces (kN)

M Gravity loads+Live Loads kN/m

m Vertical loads (including stiffening) KN/m
B Max. forces from stiffening (KN/m)

m Median of all factors

Concrete (walls)/ wood (floor)

m Tension Forces (kN)
m Gravity loads+Live Loads kN/m

m Vertical loads (including stiffening) kN/m

m Max. forces from stiffening (KN/m)

m Median of all factors

Karelia




Second step: Define loads
Overall impact?

Impact of structural choices to forces

12000
10000
8000
6000
4000
2000
0 |II||.|
Tension Forces (kN)
mC/CL
W/Wi1
mC/W1
mW/C1

Gravity loads+Live

Loads kN/m

mC/C2

mW/W2
mC/W2
mW/C2

m(C/C3

mW/W3
mC/W3
mW/C3

Vertical loads (including
stiffening) kN/m

mC/C4

mW/W4
mC/W4
mW/C4

m(C/Ch

mW/W5
m C/W5
mW/CH

mC/C6

mW/W6
m C/W6
mW/C6

Max. forces from
stiffening (kN/m)

mC/C7

W/ W7
m C/W7
maW/C7

Median of all factors

K Karelia



Third step: Define best option
Is the main goal fulfilled?
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Final step: Did the choices make
any difference?

- In the end results are quite expected..

Global warming (kg CO2 : T :
obal warming (kg CO2e) - The structural choise with light material and large

amount of wood products leads to smaller carbon
e footprint

80000,00

120000,00

60000,00

- But by defining goals for adaptability doesn’t increase
the carbon footprint that much!

40000,00

o “l I 1
—_ HERRN mfsim

A1-A3 Construction A4 Transportation  B4-B5 Material C1-C4 D nal impaets Total . AISO the ChOise Of USi.ng miX Of.Conrete WG”S Ond CLT
-20000,00 Materials to site replacement and — Deconstruction clude ﬂOOI’S CGn |eCId tO effICIGnt d@SIgn

refurbishment tals)
-40000,00

-60000,00 - There is also smaller CO2 alternative for concrete Luja-
80000,00 Vahdanhiilibetoni and PARMA Green hollow core slab

W B2 B RO mWC which would have changed results in favour of
concrete CC and hybrid CW and WC solutions.

ot i (e O - https://parmadfi/vastuullisuus/parma-green/

Per gross internal flo

or area kg CO2e /m2

- Also a alternative for low carbon footprint steel
RuukklfSSAB HYBRIT

There boyndary between low carbon wood building and
Concret97 steel building is fading.

Per gross internal floor area kg CO2e /m2 / year

EWW mWW2 mCC mCW mWC



https://www.lujabetoni.fi/vahahiilibetoni/

Final step: Did the choices make
any difference?

Global warming (GWP) breakdown

GWP kg CO2e (Talo 2000 Classification)
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How about the use
stage energy?

solution

Electricity use (actual) 139 MWh/a

Net need of electricity 60,5 MWh/a
Specific heat losses 711,97 W/K
(in total)

116 MWh/a
-23 MWh/a

(-16,5 %)
44,3 MWh/a

-16,2 MWh/a

(-26,8 %)
543,22 W/K

168,75 W/K
(-23,7 %)

92 MWh/a
47 MWh/a

(-33,8 %)
36,6 MWh/a

-23,9 MWh/a

(39,5 %)
432,29 W/K

-279,68 W/K
(-39,3 %)

Some ways of reducing energy
usage are
Orientation and shape of the building

Shading of surrounding structures or
trees

In Finland at south side of the building
should be planted with deciduous
trees to provide shading at summer
and at winter they drop their leafs

External shading or green facades

Increasing the HVAC system
efficiency and heat recovery

Increasing the air tightness has also
some effect but increases a bit
material usage
BUT the largest effect can be
made by decreasion emission of
district heat and electricity in

eneral
o K Karelia




- Best drivers for low carbon
Mmaterials and solutions are

- Incentives

The fUtu I‘e Of - Regulations

- Open markets

|OW Cﬂ I‘bOn - Consumer demands

- Commercial drivers

construction

- Demand for low construction is
high which means there is o
larger market potential for all
construction operations

- In the end money talks to
reduce carbon footprint
K Karelia
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https://www.thinglink.com/card/1404083925793374210
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