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Use of concrete in artificial
reefs and NID infrastructure
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Reef types and materials

 Origin of reefs

— Geogenic: Waste disposal
. . Types of material used for artificial reef construction

— Biogenic:

Material Number of citations
TP B Concrete 79

- ArtIfICIal Rock, stone, boulders, gravel, etc. 29
FADs 17
Offshore platforms 16
Tyres 15
Stabilised ash waste, harbour mud 14
Plastic. PVC, etc. 12
Vessels, barges, shipwrecks 11
Wood, trees, etc. 11
Breakwaters, coastal structures 12
Steel, metal 10
Rope, netting 9
Automobiles, train cars 6
Unspecified mix of materials 6
Review of wide range of materials 13
Other materials 18
Unspecified 31
Total 309

Artificial reefs: a review of their design, application, management and performance
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Where do we find concrete?

Urbanisation

Transportation
infrastructure

Houses

Digitalisation and

10 May 2023 DTU Sustain Use infrastructure concrete as reefs?
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Disclaimer: Who am 1?

Civil Engineer, Material Scientist

Cement chemistry and concrete durability
No “commercial’ intent

Passion for water sports

Why not design infrastructure with
positive impact on habitats?

DTU Sustain

Use infrastructure concrete as reefs?
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Disclaimer:
| am not a biologist!

* Interdisciplinary research
— Key environmental parameters
— Succession or biofouling

— Reproductive cycles and seasons

 Biodiversity, biomass, and ecosystems ....

« Climate change — shifting baselines?

DTU Sustain

Use infrastructure concrete as reefs?
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Succession

Minutes — weeks biofilm: Weeks - months:
Particles of organized matter
Primary colonizers

Secondary colonizers

Community of macroscopic
Individuals

Additional months:
years:
Community of macroscopic

o Community of macroscopic
Individuals

Individuals
Seasonal changes etc.

10 May 2023 DTU Sustain M.N. Fugl, 2021, MSc thesis DTU Use infrastructure concrete as reefs?
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Danmarks Havalger

Redalger (Rhodophyta)

Brunalger (Phacophyceae
G

10 May 2023 DTU Sustain Use infrastructure concrete as reefs? 7



oy

o
u u u f ?
Biological and material factors™
/__ 5&;1: Contents lists aveilable at ScdenceDirect
(g A -\' Ecological Engineering
e __1__’ Temperature
x Hanzsen of ol 2010
ek et o 2005 I journal homepage: www.elsevier.com/locete/ecoleng
ﬂ'lT'Jnr:ual:lld f Cod recrutment
Hofimarn g -
2 % G . - :
rrerem TP & pslmnn et 208 Cetting into the groove: Opportunities to enhance the ecological value @mmk
loaa = Ehock . .
mev ez | of hard coastal infrastructure using fine-scale surface textures
b
g Loz et 2 § L Martin A. Coombes®*, Emanuela Claudia La Marca ", Larissa A. Naylor °,
g 2 Cnete Richard C. Thompson *
Phylopiankian % = - 2 Sohonl af Ge and #he Environment, Liniwersit o, LK
E gene &7 s 1'-1'"9'“'""2’“" “mimmmds; Srienes, Lhdm;yq.fmq iy
E g Percn = firhool of Geggrephi ml and Ferth Srimos, Unfvemsity of Glesgow, LK
S recnuman: 45 ool of Midine Sciences and Engnesring, Plym suth University, UK
s . - ll.;..geneuamu
Light avalizbilty mﬁﬂs By " -,-q% ﬂﬁ:ﬁ gn Contents lists available at ScienceDirect
LILIL (IV & V) g
. Framentous T—— Ecological Engineering
L= el j}j‘ macroaigas Erilewson et al 2080
1985
Sedimentaticn F % '""g“g::“e journal homepage: www.elsevier.com/locate/ecoleng
37\ o
7/ "
Salinity | . . . r
Lm / g e Material e weakly affects algal colonisation but not macrofaunal s
e p y &
Cvarfosdi 2006 . -
Er— _/\ —— Modelling spatial and temporal community in an artificial intertidal habitat
LLmaven —L_ czmmen| Species distribution in the Baltic Sea : . - 2.2 iung ™2
exposure Rania S. Hartanto ", Lyl‘lette H.L. Loke ™, Eliza C. Heery ', Amanda R. Hsiung ~~, Marcus W.
et L) phytobenthic zone, 2011, A.N. X. Goh?, Y. Shona Pek ", William R. Birch ”, Peter A. Todd ™
Sa nd manl StOCkhOIm U n |Ver5|ty * Experimental Marine Ecology Laboratory, Department of Biological Sciences, National University of Singapore, 14 Science Drive 4, Block 53, 117557, Singapore

® Institute of Materials Research ¢ Engineering, 2 Fusionopolis Way, Innovis 138634, Singapore

10 May 2023 DTU Sustain Use infrastructure concrete as reefs?




=)
=
—

W

Hard substrates for bio-colonization in industrial

harbours...

» Size
» Structure
» Texture
* Chemistry
_ pH
— other

European Union’s Horizon 2020 research and

I_ ] V ] N G p 0 R T S innovation program under grant agreement No GA 970972
el Funded by
P R O ] E C T LN the European Union

Use infrastructure concrete as reefs?
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Select the best concrete for habitat creation in
Koge Bay:

Mechanical properties

Biological factors (biodiversity, types of species, biomass ...)
Environmental factors (salt content, nutrients, shelter, predation...)
CO, footprint and other environmental impacts

industrial

biological

Literature study & analysis

ecological physical

Funding: VELUX FONDEN for the project “Kgge Bugt Marine Park”
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Species diversity by cement type (last reported date)
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Integrated data?
And estimates...

Biological %
100%

80% % of concretes analyzing at least half of the features per

category
60% 100%
80%
/ Z 60%
Industrial % Physical %
\ m reported
40% minferred
20%
0% - - l |
Biological Physical Environmental Industrial
analysis analysis analysis analysis

Ecological %
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Example

Biological:

The performance of the concrete/reef in terms of biocompatibility
and attractiveness to the marine species.

Physical:

Mechanical properties and durability of the concrete/reef.

Ecological:

Assessment of the environmental impact of the concrete both
when produced and when implemented in the surrounding
environments - “"Global more hidden impacts”

Industrial:

The efficiency of the concrete production lines, both economically
and in resources. “Tangible impacts/cost to manufacturer”

10 May 2023 DTU Sustain
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Reef data for use infrastructures in DK?

* Most beneficial concretes from published, peer reviewed articles:
— Slag-based concrete

— Biogenic aggregates — Best integration in habitats after literature analysis
— And lower strength

Tabel DK NA-F.1 - Kraevede greensevaerdier for betonsammensemingog betonegenskaber for normal og tung beton

Ingen
risiko -
Risiko for k
?-Dl\'.hlliﬂoz R isl:‘i:‘o;ol:.korn.]slan Si‘:::ll":?r;:'r“ D_rt?i rmhom?;rmﬁ Risiko for frost/ te- Risi Im !ur
eller rarsapet af chlorider fra af chiorider fra pAvirkning kemisk
E’ﬁt' . karbonatisering amlve‘;e“l:'d havvand pivirkning
» : rh
ning
Eksponeringsklasse X0 | NC1 | ¥C2 | XC3 | wc4 | xp1 | xp2 | xp3 | xs1 || xSz ([ %53 | ¥F1 | XF2 | ¥F3 | XF4 | XAl | XAZ || xA3
Malsimum vand
cement-forhaold 9 0,55 | 0,55 | 0,55 | 045 | 040 | 0,40 | 0,45 (| 045 |[040 | 055 | 045 | 0,45 | 040 | 055 [ 045 [ 040
""l“jtg,g}f‘r‘ggi? for | c12/15 |c12/15|c30/37 |ca0,37 |ca0/37 | cas 4 |Caoy50 |can/50 |35 /45| cas /45 |[o40,/50 | Gaoy37 |cas/45 |cas 45 |ca0/50 | 30,37 | c3s/45]| ca0 /50
] [ ] [ ] ] I 1 | 1 | 1 | ] [ I ]
WAV IRV [IAY (Y AV (1A |I/AY (A /A {[IZAY RAY LAY [I/AY [I/AV [I/AY | TIAV [11/AV|[I1/A-V
I/B-v |I/BY ::J{E‘;’ 1/B-V [1/B-V |T7A-L (/ALY {11 /A-L [11/A-L 11/BV [I1/A-L [1I/A-L [I1/AL [I/BV JI1/A-L
/AL (/AL g, (/AL [11/AL (1/ALLITT/A- - {I/ALLT1/A-LE 1/AL (I/ALL | /A-LL |/ A-LL /AL |01/A-LL
I/ALL  [I/A-LL | a aq (0/ALL /AL 11/A-MLE (i 7a-m |1 /A-M T/A-LL (11/A-M [11/A-M |11/ A-M 11/ A-LL {11/ A-M
UDkL::riT:trtEti%nEde /A-M [1/A-M [[i” 11/A-M [11/A-M|(QL) I[Hfl‘ligd[[lu (QL) m/a-M|(QL) |(QL) QL) |jiza-m|(QL)
£ o N s M oy R v s AN
- -M{[(LL - -M| L 1 - ] -M|[Q
(QLL) |[QLL) IlliB_[:' (QLL) [(Q.LL) |1y/B-M|(QLLY i /B-M 11/B-M (QLL) (/B [11/B-M[11/B-M|(QLL) |11/B-M
/B-M (1/B-M|igLy (178 [tyB-m|(QL) (I/B-MIQL)  ((QL) 1yB-MMIQLI(QL) QL) {11/B-m|(QL)
(QL)  |(QL) |y p-m[MQL|(QL) |1/B-M (L) (11 /m-m [11/B-M (L) (1/B-M[1/B-M|l1/B-M|(QL) |11/B-M
II/B-M [11/B-M|(QLL) [II/B-M(11/B-M[(QLL) II/B-MI[QLL) |(QLL) 11/B-M|(QLL) (QLLY (L LLY ppyp-p[(QLLY
(QLL) |iQLL) (QLLL) [(Q.LL) (QLLY (LLL) ()LL)
Minimum styrkeklasse | 355 | 325 | 425 | 425 | 425 | 42,5 | 425 | 425 | 425 425 || 425 | 42,5 | 425 | 425 | 425 | 425 | 425 | 425 DS/EN206 DK NA:2020
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Take home messages

« Multidisciplinary work and data:
— Many angles and interests across all topics we touched
— we need integrated data: reporting requirements

* From an engineering view:
— active approaches on how to facilitate habitats would be desirable

» Adaptation to NID infrastructures:
— Missing Danish experience with “exotic” cement and aggregate types in standards

10 May 2023 DTU Sustain Use infrastructure concrete as reefs?




Questions?

wolku@dtu.dk

DTU Sustain
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