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1. Executive	Summary	
	
This	deliverable	assesses	the	potential	economic	opportunity	in	Europe	that	could	be	delivered	if	
novel	 anti-corrosion	 solutions	 found	 in	 traditional	 marine	 sectors	 are	 applied	 in	 the	 offshore	
renewables	 sector.	 	 The	 report	 grew	 beyond	 the	 original	 work	 scope	 to	 provide	 a	 firmer	
foundation	to	NeSSIE.	Additions	to	the	original	scope	will	better	support	project	decision	making	
around	the	future	WP3	Roadmap	and	WP4	Demonstration	project	selection	process.		

The	issue	of	marine	structure	corrosion	was	found	to	be	a	common	one	amongst	a	diverse	
set	 of	 offshore	 users	 and	 established	 industry	 supply	 chains.	 Corrosion	 mechanisms,	 rates,	
management,	 standards	application,	manufacturing	and	 fabrication	 supply	and	applied	 solutions	
were	 all	 briefly	 listed	 and	explained.	 To	understand	offshore	marine	device	 corrosion	 studies	 to	
date,	 new	 materials	 and	 direct	 corrosion	 solutions	 case	 studies	 were	 analysed.	 The	 findings	
provide	context	and	relevancy	to	NeSSIE	demonstration	candidates.			
Four	key	supply	chains	were	identified	from	research:	

1. Protective	layerings	including	environmentally	benign	paints,	sprays	and	coatings;	
2. Cathodic	protection;	
3. New	materials	and	their	associated	fabrication,	manufacturing	and	assembly	processes;	
4. Corrosion	monitoring,	assessment	and	repair	services.		

A	non-exhaustive	and	project-relevant	filtered	dataset	of	supply	chain	companies	delivering	these	
solutions	to	established	industries	across	the	NSB	region	was	then	constructed.	It	is	clear	amongst	
consortium	 partners	 that	 the	 supply	 chains	 required	 to	 collaborate	 with	 the	 demonstration	
projects	can	originate	outside	the	NSB	region,	and	that	NeSSIE	will	create	a	case	study	which	can	
be	 copied	 and	 applied	 elsewhere	 across	 Europe	 with	 the	 common	 goal	 of	 stimulating	 regional	
industrial	 growth.	NeSSIE	 personnel	 approached	 these	 identified	 supply	 chain	 companies	 during	
the	2017	Offshore	Europe	conference,	in	Aberdeen,	to	better	assess	their	relevance	and	interest	in	
collaborating.	 95%	 of	 companies	 interviewed	 were	 interested	 in	 the	 opportunities	 to	 diversify	
presented	by	NeSSIE.			

Additional	lists	were	made	of	the	other	relevant	key	stakeholders	required	to	make	NeSSIE	
a	 success	 and	 will	 help	 to	 formulate	 the	 characteristics	 of	 possible	 demonstration	 project	
candidates.			These	include	research	collaboration,	standards	bodies,	test	facilities,	developers	and	
legal	statutes.		

To	 calculate	 the	economic	worth	of	 anti-corrosion	 solutions	 to	developers	 and	 solutions	
Vendors,	a	number	of	assumptions	taken	from	the	oil	and	gas,	maritime	and	offshore	renewables	
sectors	 were	 made.	 Capital	 expenditure	 (CAPEX),	 operational	 expenditure	 (OPEX)	 and	
performance	impacts	of	applying	corrosion	solutions	were	calculated	separately	for	new	materials	
and	 their	 associated	 processes,	 and	 direct	 corrosion	 solutions	 such	 as	 cathodic	 protection	 or	
coating	 systems.	 The	 calculations	 covered	 the	UK	 and	wider	 EU,	 and	 utilised	 projected	 capacity	
taken	 from	various	 renewables	 roadmaps.	The	scenarios	 investigated	ranged	 from	the	reduction	
of	 offshore	 renewables	 project	 CAPEX	 to	 increased	 CAPEX	 with	 the	 application	 of	 novel	 anti-
corrosion	 solutions,	 yet	 in	 all	 cases	 considered	 the	 reduction	of	OPEX	 and	 contribution	 towards	
maintaining	device	performance.		

Reducing	CAPEX	leads	to	developer	savings	of	up	to	£9.2bn	in	the	UK	and	£32.7bn	in	the	
wider	EU	by	2030,	 increasing	to	£12.8bn	and	£74.6bn	respectively	by	2050.	On	the	other	side	of	
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the	spectrum,	in	the	case	of	an	increase	in	CAPEX	through	the	introduction	of	novel	anti-corrosion	
solutions	 in	 comparison	 with	 the	 business-as-usual	 case	 (BAU),	 there	 can	 be	 a	 cost	 to	 the	
developer	of	£0.04bn	and	£1.6bn	in	the	UK	and	wider	EU,	respectively,	by	2030.	In	this	scenario,	
there	 is	 a	 notable	 turnaround	 for	 the	UK,	when	 a	 tipping	 point	 is	 reached	 and	 the	 reduction	 in	
OPEX	outweighs	 the	 increased	CAPEX	cost,	whereby	a	developer	 saving	 is	possible	of	£0.5bn	by	
2050.	 Such	a	 tipping	point	 is	not	encountered	 in	 the	wider	EU,	where	 the	additional	 cost	 in	 the	
wind	energy	sector	is	significant.		

Considering	the	results	to	anti-corrosion	solution	Vendors,	the	different	scenarios	result	in	
a	range	of	value	chain	availabilities	between	£17.3bn	and	£43.5bn	in	the	wider	EU,	by	2030;	with	
these	numbers	more	than	doubling	to	£33.6bn	and	£83.3bn	by	2050.	The	future	market	size	of	the	
UK	 and	 wider	 EU	 anti-corrosion	 solutions	 were	 shown	 strongly	 positive	 and	 aligned	 well	 with	
existing	market	sizes	in	established	oil	and	gas,	and	marine	supply	industries.		

Table	I	–	Summary	Economic	Opportunity	Anti-Corrosion	Solutions	for	Offshore	Renewables	

Finally,	for	all	resource	types	-	strong	UK	and	wider	EU	support	to	their	continued	growth	
were	demonstrated,	with	the	key	challenges	to	their	growth	coinciding	with	the	mitigations,	which	
corrosion	solutions	and	new	materials	offer.	An	accompanying	Scottish	Enterprise	diversification	
study	was	further	able	to	illustrate	just	how	established	supply	chains	can	diversify	their	business	
model	to	deliver	the	cost	reductions	that	offshore	renewables	developers	are	desperately	seeking.	

	 	 	 TOTAL	WAVE	&	TIDAL	 TOTAL	FIXED	&	FLOATING	WIND	 TOTAL	OFFSHORE	MARKET	

	 	 	 Capacity	 Developer	
Saving	

Vendor	
Value	 Capacity	 Developer	

Saving	
Vendor	
Value	 Capacity	 Developer	

Saving	
Vendor	
Value	

	 	 	 MW	 NPV10	£M	 NPV10	£M	 MW	 NPV10	£M	 NPV10	£M	 GW	 NPV10	£bn	 NPV10	£bn	

Sc
en

ar
io
	1
	 UK	

2020	 350	 208	 283	 8,060	 2,507	 3,043	 8.4	 2.7	 3.3	

2030	 6,000	 1,538	 1,984	 19,477	 7,703	 9,181	 25.5	 9.2	 11.2	

2050	 15,000	 2,345	 2,907	 45,000	 10,486	 11,459	 60.0	 12.8	 14.4	

EU	

2020	 350	 206	 307	 23,493	 10,276	 13,146	 23.8	 10.5	 13.5	

2030	 25,282	 5,949	 10,311	 66,488	 26,831	 33,218	 91.8	 32.8	 43.5	

2050	 188,000	 14,219	 22,403	 460,000	 60,353	 50,891	 648.0	 74.6	 83.3	

Sc
en

ar
io
	2
	 UK	

2020	 350	 6	 118	 8,060	 266	 1,154	 8.4	 0.3	 1.3	

2030	 6,000	 114	 829	 19,477	 913	 3,506	 25.5	 1.0	 4.3	

2050	 15,000	 364	 1,224	 45,000	 1,493	 4,397	 60.0	 1.9	 5.6	

EU	

2020	 350	 5	 130	 23,493	 730	 4,979	 23.8	 0.7	 5.1	

2030	 25,282	 445	 4,463	 66,488	 2,570	 12,810	 91.8	 3.0	 17.3	

2050	 188,000	 2,431	 9,712	 460,000	 6,296	 23,881	 648.0	 8.7	 33.6	

Sc
en

ar
io
	3
	 UK	

2020	 350	 -25	 161	 8,060	 -22	 1,566	 8.4	 -0.05	 1.7	

2030	 6,000	 -102	 1,130	 19,477	 67	 4,753	 25.5	 -0.04	 5.9	

2050	 15,000	 49	 1,662	 45,000	 444	 5,957	 60.0	 0.5	 7.6	

EU	

2020	 350	 -27	 176	 23,493	 -712	 6,756	 23.8	 -0.7	 6.9	

2030	 25,282	 -617	 5,981	 66,488	 -968	 17,343	 91.8	 -1.6	 23.3	

2050	 188,000	 128	 13,006	 460,000	 -2,578	 32,261	 648.0	 -2.5	 45.3	



Economic	opportunity	report	 	 Project	NeSSIE	

9 
 

2. Introduction	
	

	
NeSSIE	(North	Sea	Solutions	for	Innovation	in	Corrosion	for	Energy)	is	an	EU-funded	research	and	
development	 project	 primarily	 focused	 on	 the	 research	 and	 translation	 of	 cross	 industry	 anti-
corrosion	technologies	in	the	North	Sea	basin	(NSB)	to	the	offshore	renewable	energy	sectors.	The	
project	 commenced	 in	 spring	 2017	 and	will	 run	 for	 two	 years,	with	 the	 interim	 target	 in	 spring	
2018	of	identifying	potential	investable	demonstration	projects	in	the	NSB	to	promote	to	industry	
at	later	stages.		

The	NSB	region	was	defined	using	the	European	Atlas	of	the	Sea	[1]	and	is	illustrated	in	Figure	
1.	 The	NSB	 region	 includes	 the	 following	EU	members;	 the	UK,	Belgium,	Germany,	Netherlands,	
Denmark,	but	also	Norway,	which,	though	not	being	an	EU	member	is	a	member	of	the	European	
Economic	Area	 (EEA)	 and	 in	 possession	 a	wealth	 of	 offshore	 expertise	 and	 experience.	 The	 end	
goal	of	the	project	is	to	promote	to	the	wider	EU	the	identified	project	supply	chain	opportunities	
that	 could	 similarly	 benefit	 communities	 outside	 the	 NSB	 region.	 	 Hence,	 the	 project	 initially	
characterises	an	offshore	anti-corrosion	NSB	pilot	project,	with	research	methods,	templates	and	
lessons	 learned	 allowing	 other	 European	 basins	 to	 follow	 a	 similar	 roadmap	 to	 capture	 similar	
Small	 to	 Medium	 Enterprise	 (SME)1	 manufacturing	 growth	 opportunities	 in	 the	 offshore	
renewables	energy	generation	sector	(see	Table	13,	Annex	I	for	full	SME	definition).	

The	NSB	region	in	this	study	refers	to	offshore	and	onshore	activities,	and	industries.	Marine	
Exclusive	Economic	Zones	determined	by	territorial	water	boundaries	and	median	lines	divide	each	
country’s	offshore	North	Sea	sovereign	segment.	The	NSB	offshore	region	is	best	known	for	its	oil	
and	 gas	 industries,	 which	 have	 been	 around	 since	 drilling	 began	 in	 the	 1960s	 and	 form	major	
economic	 backbones	 to	 the	 UK,	 Norwegian,	 Dutch	 and	 Danish	 economies	 -	 collectively	
contributing	 3.5%	and	5.8%	of	 the	world’s	 oil	 and	 gas	 daily	 production	 respectively	 in	 2016	 [2].	
Maritime	 fishing	 activities	 are	 also	 a	 vitally	 important	 regional	 resource.	 Norway	 alone	 in	 2015	

                                                        
1 European definition of SME’s; category of micro, small and medium sized enterprises which employ fewer 
than 250 people and an annual turnover < 50million Euros and/or annual balance sheet total <43 million 
Euros (EU recommendation 2003/361 (See Annex I). 

The	intention	of	this	WP2	deliverable	was	to	evaluate	the	anti-corrosion	expertise	employed	by	
other	 industries	outside	the	offshore	renewables	industry	as	well	as	the	economic	opportunity	
for	 anti-corrosion	 solutions	within	 the	marine	 renewable	 energy	 sector.	 	 The	 subtasks	 of	 this	
deliverable	include	the	following:	

● Identifying	 key	 companies,	 research	 organisations	 and	 regional	 collaborations,	 test	
facilities,	standards	and	regulatory	bodies	in	the	North	Sea	basin	region	(Chapter	5);	

● A	 State	 of	 the	 Art	 assessment	 was	 undertaken	 to	 determine	 the	 status	 of	 novel	
materials	and	direct	corrosion	solutions	usage	(Chapter	5	and	6);	

● An	 assessment	 of	 the	 economic	 opportunity	 relating	 to	 novel	 materials	 and	 direct	
corrosion	solutions	in	the	North	Sea	basin	was	then	made	(Chapter	7);	

● Existing	roadmaps	and	assessments	were	analysed	and	evaluated	in	terms	of	making	an	
estimate	of	economic	opportunity	using	market	data	from	the	UK	&	Europe	(Chapter	8).	
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landed	a	total	catch	of	2146	kilotonnes,	with	the	other	five	identified	NSB	countries’	landing	2212	
kilotonnes	of	live	fish	stock,	i.e.	30%	and	31%	respectively	of	that	year’s	total	EU	catch	[3].	Fishing	
activities	 provide	 just	 one	 window	 into	 the	 region’s	 large	 maritime	 sector,	 which	 also	 includes	
shipbuilding	and	shipping.	More	recently,	the	renewable	energy	sector	in	this	offshore	region	has	
seen	 rapid	 commercial	 expansion,	 especially	 in	 offshore	 fixed	 foundation	 wind	 power	 due	 to	
strong	prevailing	winds	and	shallow	waters	–	each	of	the	NSB	region	countries	has	some	installed	
offshore	wind	contribution	to	electrical	generation.		

The	 report	 focus	 is	 on	 analysing	 existing	 in	 situ	 anti-corrosion	 solutions	 employed	 in	 these	
three	 established	 offshore	 industries	 within	 the	 NSB	 region.	 The	 overall	 target	 of	 NeSSIEis	 to	
translate	 this	 knowledge	 and	 value	 chain	 expertise	 into	 anti-corrosion	 solutions	 for	 all	 offshore	
renewable	energy	systems.		

	

 
Figure	1	–	North	Sea	basin	as	defined	by	European	Commission	[1]	

Deliverable	 2.2	 fits	 into	 the	 overall	 NeSSIE	WP2/WP3	 scheme	 as	 illustrated	 in	 Figure	 2.	 It	 is	 an	
important	 contribution	 towards	 identifying	 the	 economic	 potential	 for	 cross	 industry	 anti-
corrosion	solutions	and	products	in	the	marine	renewable	energy	NSB	region	and	wider	EU	areas.	
It	also	concentrates	its	findings	on	supporting	early	demonstration	project	definition	and	funding.	
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Figure	2	–	D2.2	position	in	the	wider	WP2/WP3	NeSSIE	project	(UEDIN,	Laurie	2017)	

The	report	is	divided	into	nine,	structured,	chapters:	
● Chapter	3	–	Introduction	with	report	context,	objectives	and	layout;	
● Chapter	 4	 –	 Brief	 recap	 of	 earlier	 literature	 reviews	 on	 existing	 utilised	 offshore	materials,	

corrosion	mechanisms	and	employed	solutions;	
● Chapter	 5	 –	 Evaluation	 of	 the	 materials	 expertise	 and	 innovative	 solutions	 employed	 by	

industries	operating	in	the	NSB	offshore	sector	by	identifying	relevant	value	chains,	 including	
the	 identification	 of	 key	 private	 companies	 (service,	 provider,	 and	manufacturers),	 research	
organisations/collaborations,	 testing	 facilities	 and	 applicable	 standards/regulatory	 bodies.	 In	
addition,	a	short	list	of	planned	wind,	tidal	and	wave	projects	operated,	or	planned	to	operate	
by	Developers	within	the	NeSSIE	timeframe	were	identified;		

● Chapter	 6	 –	 Case	 studies	 in	 applicable	 new	marine	materials	 landscaping	 investigations	 and	
lessons	 learned	 from	 existing	marine	 energy	 project	 biofouling	 and	 corrosion	 testing.	 These	
case	studies	will	provide	real	world	context	of	the	practicalities	of	applying	corrosion	solutions	
to	marine	devices;	

● Chapter	7	–	An	assessment	of	the	potential	economic	opportunity	of	applying	novel	materials	
and	direct	corrosion	services/products	to	offshore	renewables	across	the	NSB	region;	

● Chapter	 8	 –	 Review	 and	 summary	 of	 offshore	 renewables	 industry	 development	 roadmaps	
from	 the	 UK/EU	 region	 to	 summarise	 to	 the	 wider	 audience	 the	 technology	 barriers	 and	
challenges,	as	well	as	highlight	the	support	for	the	emerging	sector;	

● Chapter	9	–	Concluding	remarks.	
The	overall	NeSSIE	impacts,	of	which	D2.2	forms	the	initial	foundation	for	were	established	within	
the	following	context:	
● Three	bankable/investment-ready	demonstration	projects	in	the	North	Sea	basin	that	involve	

a	 transnational	 public/private	 consortium.	 The	 projects	 will	 be	 planned	 and	 investment	
identified	 at	 the	 completion	 of	 NeSSIE.	 The	 demonstration	 projects	 will	 deliver	 high	 value	
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manufacturing	 opportunities	 to	 the	 supply	 chain	 in	 the	 North	 Sea	 Basin	 and	 the	 wider	 EU	
supply	chain;	

● New	 transnational	business	and	 investment	opportunities	and	value	 chains	 in	high	potential	
blue	growth	domains	across	the	North	Sea;	

● The	 Roadmap	will	 serve	 as	 a	model	 for	 other	 sea	 basins	 and	 consortia	 to	 address	 common	
technical	challenges	and	develop	bankable/investment-ready	demonstration	projects.	

	

3. Summary	of	key	corrosion	issues	offshore		

 
The	authors’	own	research	and	preceding	project	deliverable	D2.1	formed	the	knowledge	base	in	
marine	environment	technical	corrosion	for	this	report.		D2.1	was	a	research-based	task	looking	at	
the	 identification	of	corrosion	mechanisms	and	analysis	of	existing	anti-corrosion	solutions	 (ACS)	
currently	 used	 in	 North	 Sea	 offshore	 cross	 sector	 industries,	 i.e.	 corrosion	
solutions/standards/systems	and	new	materials.	The	review	also	highlighted	materials	fabrication	
methods	and	products	available	on	the	current	market	in	the	North	Sea.		

	
● Corrosion	 analysis:	 the	 most	 prevalent	 marine	 energy	 device	 component	 materials	 in	 use	

today	are	steel	alloys	and	composites.	Corrosion	solutions	for	these	components	present	the	
largest	opportunity	for	NeSSIE	to	translate	cross-industry	value	chain	expertise	to	the	marine	
renewables	 sector.	 The	 wealth	 of	 other,	 less	 prevalent	 offshore	 component	 materials	
corrosion	 issues,	 such	 as	 elastomers	 and	 plastics	 corrosion	 were	 alluded	 to	 briefly	 in	 later	
chapters,	 as	 their	 usage	below	 the	 splash	 zone	within	 submerged	environments	 is	 relatively	
new	and	less	well	understood.		

● Corrosion	definition:	 (in	 traditionally	used	marine	metals):	metals	 traditionally	used	 in	most	
offshore	 structures	 are	 metastable	 and	 liable	 to	 electrochemical	 corrosion.	 Fundamental	
thermodynamics	 states	 that	 they	 have	 an	 innate	 potential	 to	 revert	 to	 lower	 energy,	more	
stable	 levels	 through	 entropy	 –	 the	 rusting	 of	 carbon	 steel	 (commercial	 iron	 containing	 less	
2.1%	carbon	by	weight	[2])	is	the	best-known	example	of	this	offshore.	Carbon	steel	and	steel	
alloys	of	different	grades	(strengths)	include	additional	elements,	and	are	both	widely	utilised	
as	 a	 construction	material	 offshore	 because	 of	 their	 relatively	 low	 cost,	 ease	 of	 fabrication,	
moderately	 good	 mechanical	 properties	 and	 ease	 of	 transport	 (see	 Table	 16,	 Annex	 I	 for	
offshore	metallurgical	 descriptions).	Metal	 corrosion	offshore	 can	be	defined	and	 controlled	
using	 the	 corrosion	 triangle	 and	 removal	 of	 at	 least	 one	 of	 components	 contributing	 to	
corrosion	-	Figure	3	[3].		

Key messages 
Corrosion	is	a	common	mechanism	in	the	marine	environment,	with	typical	forms	of	corrosion	
being:	 general	 corrosion;	 pitting	 corrosion;	 crevice	 corrosion;	 galvanic	 corrosion;	 stress-
corrosion	cracking;	corrosion	fatigue;	and	MIC.		
Current	methods	to	prevent	corrosion	are	cathodic	protection	as	well	as	protective	paints	and	
coatings.	Innovations	in	the	latter	are	investigated,	as	well	as	the	application	of	polymers	and	
aluminium	(which	has	been	applied	previously).	 In	addition	to	these	anti-corrosion	measures,	
monitoring	and	assessment	are	a	part	of	corrosion	management.	
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Figure	3	–	Metallic	structure	in	water	corrosion	triangle	[3]	

● Physical	 corrosion	 rates:	 the	 corrosion	 of	 metals	 in	 seawater	 is	 well	 understood	 given	 its	
historic	deployment	[4].	The	most	appropriate	rate	variables	influencing	marine	energy	device	
corrosion	 rates	 include	 dissolved	 gas	 concentrations	 in	 seawater	 (oxygen	 ions),	 seawater	
salinities,	 relative	 velocities	 and	 seawater	 temperatures,	 all	 of	 which	 have	 a	 proportional	
impact	on	metal	corrosion	and	vary	themselves	as	a	function	of	location	and	depth.	Two	other	
important	 corrosion	 rate	 variables	 for	 marine	 energy	 devices	 exist,	 namely	 hydrogen	 ion	
concentrations,	 with	 similar	 corrosion	 rates	 observed	 between	 pH	 4-10	 (normal	 sea	 water	
having	 a	 pH	of	 8),	 and	 sulphate-reducing	bacteria	 corrosion	–	 recognised	 as	 being	 the	most	
important	 type	of	corrosive	micro-organism	occurring	 in	micro-habitats	 in	anaerobic	pockets	
beneath	 biofouling	 (although	 a	 wealth	 of	 other	 microbial	 organisms	 will	 exist	 as	 corrosive	
agents)	[5].	Steel	structures	immersed	in	seawater	in	the	atmospheric,	highly	corrosive	zone,	if	
unprotected,	will	 corrode	 typically	 between	 80-200um	per	 year	 due	 to	 extended	 periods	 of	
wetness	and	high	chloride	concentrations,	as	well	as	UV	light	exposure.	Splash	zone	corrosion	
rates	are	even	higher	–	typically	between	200-500um	per	year,	and	for	continually-immersed	
zones	rates	between	100-200um	per	year	are	typical	[8].	Figure	4	shows	a	typical	offshore	oil	
and	gas	structure	corrosion	profile,	with	corrosion	highest	in	the	splash	zone.	
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Figure	4	–	Typical	steel	corrosion	profiles	for	an	offshore	structure	(1	mil	=	25um)	[9]	

	
● Corrosion	degradation	mechanisms:	metal	 corrosion	mechanisms	 in	 offshore	 structures	 are	

displayed	 in	 Figure	 5.	 For	marine	 energy	 devices	 especially,	microbially-influenced	 corrosion	
(MIC)	 is	 very	 relevant	 and	 has	 been	 observed	 as	 a	 pitting	 attack,	 via	 organisms	 attaching	
themselves	to	structures	and	forming	a	corrosive	biofilm	[6].	Evidence	of	bio-fouling	on	wave	
energy	 devices	 was	 investigated	 during	 Pelamis	 WEC	 trials	 [7].		
	 Although	 traditionally	 used	 metals	 are	 the	 most	 widely	 used	 material	 offshore,	
thermoplastic	 and	 thermoset	 (depending	 upon	 the	 matrix	 resin	 used)	 reinforced	 fibre	
composites	have	also	been	employed.	Whilst	they	do	not	corrode,	they	do	suffer	from	varying	
degrees	of	mechanical	degradation	when	exposed	to	seawater	(refer	to	Table	17,		Annex	I	for	
comparable	plastics	matrix	properties).	Moisture	diffusion	within	the	composite	can	degrade	
the	 fibre-matrix	 interfacial	 bonding	 causing	 swelling,	 micro-cracking,	 plasticizing	 and	
hydrolysing.	 Water	 absorption	 for	 thermoplastics	 depends	 upon	 their	 chemistry	 and	
morphology,	 and	 their	 volume	 fraction	 versus	 fibres	 in	 the	 composite.	 Under	 conditions	 of	
moisture	 absorption	 and	 elevated	 temperatures,	 polymer	 chains	 relax	 and	 micro-crack	
formation	 occurs	 from	 residual	 stresses	 which	 weakens	 the	 fibre/matrix	 interface	 causing	
brittle	 failures.	Certain	 types	however	performed	better	 in	 seawater	environments	 like	POM	
and	PP	[8].		

	



Economic	opportunity	report	 	 Project	NeSSIE	

15 
 

 
Figure	5	–	Typical	corrosion	forms	in	marine	environments	(Power	Principle	Inc.,	USA)	

 
● Current	corrosion	solutions:	Submerged	metallic	offshore	wind	turbine	(OWT)	structures	have	

largely	 employed	 protective	 paints	 and	 sprayed	 coatings	 (thicker	 covering	 acrylic,	 alkyds,	
epoxy,	 polyurethane	 and	 others	 coatings)	 and	 some	 form	 of	 cathodic	 protection	 below	 the	
waterline	 (passive	 galvanic	 for	 OWT).	 	 For	 the	 proper	 consideration	 of	 coating	 systems	
performance,	 it	 is	 critical	 to	 understand	 fundamental	 parameters	 in	 coating	 selection;	
type/condition	 of	 substrate,	 the	 operational	 environment,	 surface	 preparation	 techniques,	
quality	 of	 coatings,	 coating	 system	 selection	 criteria,	 their	 application	 and	 finally	 a	 quality	
control	 procedure	 [8].	 These	 corrosion	mitigations	 are	 in	 addition	 to	 design	 allowances	 for	
structural	corrosion,	with	inspection	and	monitoring	systems	(IMS),	materials	design	and	weld	
design	 considerations	 [6].	 Pre-coating	 application	 surface	 preparation	 techniques	 on	 the	
variously	used	metal	substrates	including	cleaning,	phosphate	and	silane	pre-coats	are	used	to	
improve	adhesion	and	long-lasting	corrosion	protection.	These	optimised	systems	of	corrosion	
solutions	were	 largely	 taken	 from	well	understood	 lessons	 learnt	 in	 the	oil	and	gas	sector	 in	
corrosion	monitoring	and	maintenance	procedures	(Figure	6).		
	
The	 use	 of	 composite	 materials	 for	 offshore	 infrastructure	 and	 equipment	 are	 employed	
because	of	their	physical	property	advantages.	The	blades	of	offshore	wind	and	tidal	turbines	
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are	the	primary	applications	for	glass	and	carbon	reinforced	composites.	The	requirements	for	
high	 strength	 and	 stiffness,	 resistance	 to	 moisture,	 anti-corrosive	 to	 seawater	 properties,	
fatigue	degradation	and	ability	 to	mould	 the	material	 into	 slender	 shapes	 for	 turbine	blades	
for	minimal	mass	mean	that	composites	out-perform	traditional,	cheaper	metals	in	all	areas	of	
performance	 (Figure	 7	 [9]).	 The	 oil	 and	 gas	 industry	 has	 been	 conservative	 in	 its	 take	 up	 of	
thermoplastics	and	composites	 (combinations	of	plastic	resin	and	fibre	material).	 	They	have	
mainly	 been	 used	 for	 low-risk	 topside	 weight	 reduction	 applications,	 such	 as	 aqueous	
pipework	 (heavy	 flange	 connected	 lengths),	 platform	 walls,	 handrails,	 floors,	 corrosion	
protective	lining	for	steel	pipes	and	steel	pipework	repair	(Figure	8).	For	these	functions,	it	 is	
easier	 to	 overcome	 regulatory	 concerns	 and	 technical	 challenges	 in	 replacing	 steel	
components	and	there	is	little	need	to	scale	up	fabrication	processes.	Cross-industry	relevant	
performance	 information	 is	 also	 well-established	 for	 these	 materials	 [8].	 For	 higher	 risk	
equipment	applications	such	as	oil	and	gas	subsea	facilities,	 the	regulatory	requirements	are	
more	 stringent,	 technical	 challenges	 more	 difficult	 and	 intervention	 costs	 higher	 if	 failure	
occurs	 [10].	 	 However,	 the	 rise	 in	 deepwater	 oilfield	 developments	 has	 placed	 further	
emphasis	 on	 the	 use	 of	 composites	 for	 weight	 reduction	 in	 subsea	 platforms	 to	 seabed	
tethers,	subsea	risers	and	subsea	control	umbilicals	[11].	
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Figure	6	–	External	corrosion	in	the	oil	and	gas	industries	subsea	equipment	[3]	
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Figure	7	–	Properties	comparison	of	various	structural	materials	[9]	

 
Figure	8	–	Some	thermoplastics	and	composites	used	in	Oil	and	Gas	industry	[9]	

● Corrosion	Management:	Achieving	 device	 design	 live	 corrosion	management	 is	 essential.	 A	
combination	 of	 passive	 coating	 protection	 and	 active	 corrosion	 rate	 reduction	 to	 damaged	
areas	 is	optimal	 for	metallic	structures.	The	cost	of	coating	activities	offshore	are	 five	to	ten	
times	higher	than	onshore	[6].		‘Best	practices’	in	offshore	oil	and	gas	processing	consultations	
have	been	well	captured	and	documented,	for	example	by	UK	Health	&	Safety	Executive	[17]	
and	 Energy	 Institute	 [18].	 These	 corrosion	 management	 policies	 provide	 a	 structured	
framework	 for	 the	 identification	 of	 risks	 associated	with	 corrosion	 and	 the	 development	 of	
suitable	control	measures.	A	general	corrosion	management	strategy	could	be	translated	and	
scaled	to	offshore	renewables	(Figure	9)	as	a	commercial	service	along	with	the	inspection	and	
monitoring	 technologies	 already	 employed	 such	 as	 ultrasonic	 pipe	 corrosion	 sensors.	
Structural	Health	Monitoring	 (SHM)	 systems	 in	 offshore	wind	 farms	 (OWF)	 are	 an	 emerging	
example	 of	 this,	 and	 provide	 an	 effective	 corrosion	 monitoring	 framework,	 allowing	 the	
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planning	 of	 inspection	 and	 maintenance	 schedules	 [6].	 The	 EU-funded	 TidalSense	 project	
investigated	the	use	of	ultra-sonic	waves	to	assess	submerged	composite	blade	damage	[19].	
The	SmartFiber	project	used	a	network	of	embedded	wireless	transmission	fibre	optic	cables	
to	monitor	marine	devices	structural	health	and	integrity	[20].	

	

 
Figure	9	–	Oil	and	Gas	example	of	a	basic	corrosion	management	process	[18]	

● Standards	(consensus	document	detailing	qualification	criteria	for	a	product/activity):	For	the	
material	 selection	 of	 mainly	 steel	 alloys	 in	 the	 offshore	 oil	 and	 gas	 construction	 and	
installation	 sector,	 standards,	 guidelines	 and	 certifications	 are	 well-defined,	 given	 their	
importance	 to	 health,	 safety	 and	 the	 environment.	 However,	 there	 is	 no	 single	 universal	
standard	applied	by	all	companies	in	the	oil	and	gas	industry	on	all	project	phases	in	the	North	
Sea	basin,	 and	 it	 is	 the	end-user’s	 responsibility	 to	 implement	 them	 [17].	Given	 the	 region's	
long	history	of	offshore	oil	and	gas	operations	this	is	surprising,	but	could	be	an	indication	of	
how	future	marine	offshore	renewables	standards	and	certifications	will	be	applied.	Examples	
of	issued	offshore	anti-corrosion	standards	include;		
○ ISO	 21457,	which	 is	 the	 only	 standard	 covering	 all	 issues	 related	 to	materials	 selection	

and	corrosion	control	for	oil	and	gas	production	systems	(although	was	only	published	in	
2010)	 [21].	 Table	 1	 illustrates	 a	 suggested	 project	 planning	 approach	 for	 materials	
selection	used	within	this	ISO	standard.	

○ NORSOK	M-DP-001	standards	for	materials	selection	have	been	applied	in	the	North	Sea	
oil	and	gas	sector	specifically	[22].	Other	NORSOK	standards,	for	example	Norsok	M-501	-	
used	 for	 surface	 preparations	 and	 protective	 coatings	 [23]	 have	 equal	 applicability	 to	
NeSSIE.	

○ ASTM	 standards	 cover	 corrosion	 and	 wear,	 steel	 manufacture,	 metallic	 coatings	 and	
composites	manufacturer	and	have	been	used	in	the	OFW	industry	[24].	

○ DNV	 standards	 appear	 to	 be	 the	most	 progressive	 for	 the	marine	 offshore	 renewables	
industry.	 DNV-OS-B101,	 for	 instance,	 covers	 metallic	 material	 qualifications	 for	 subsea	
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systems,	 marine	 operations	 and	 wind	 turbines	 [25].	 More	 specifically	 DNV-OSS-312	
covers	certification	of	TEC/WECs	[26].	

○ The	 European	 Marine	 Energy	 Centre	 (EMEC)	 has	 published	 a	 large	 range	 of	 draft	
guidelines	for	different	aspects	of	marine	renewables	design	and	development	[27].	

○ The	 National	 Association	 of	 Corrosion	 Engineers	 (NACE)	 provides	 a	 long	 list	 of	 well-
developed	standards	for	a	wider	range	of	specific	corrosive	materials	topics	[28].		
	

The	cross-sector	translation	of	corrosive	standards	to	offshore	renewables	is	highly	viable	and	
is	 already	 employed	 to	 some	 degree	 in	 offshore	 wind	 farm	 developments	 [6],	 for	 example	
DNV-GL’s	 OS-C401	 offshore	 standard	 for	 the	 fabrication	 and	 testing	 of	 offshore	 structures	
[29].	 A	 more	 extensive	 list	 of	 applicable	 standards	 to	 any	 NeSSIE	 demonstration	 project	 is	
provided	later	in	this	D2.2	deliverable.	

	

 
Table	1	–	Project	phase	documentation	for	material	selection	decisions	ISO21457	[21]	

● Anti-corrosion	 solutions	 fabrication:	 these	 include	materials	 manufacturing	 and	 fabrication	
for	metal	and	composite	materials	currently	used	in	offshore	infrastructure:	
○ For	 the	 manufacturing	 of	 steel	 alloys	 used	 in	 offshore	 structures,	 the	 demanding	

environment	 requires	 a	wide	 range	of	 alloy	 compositions	 –	 carbon,	micro-alloyed,	 high	
strength,	stainless	steel	and	chemically-resistant	alloys	as	specified	by	the	Norsok	M-001	
(see	Annex	I)	standard	and	steel	materials	selection	for	different	purposes	and	operating	
environments	[22].	Steel	alloys	incorporate	different	combinations	of	the	base	metal	iron	
and	 in	 addition	 to	 carbon,	 and	 other	 elements	 like	 nickel,	 chromium,	 and	 manganese	
alter	 strength	and	corrosive	 resistance	 for	different	end	uses.	Fabrication	guidelines	 for	
all	metal	and	composite	offshore	structures	are	subjected	to	DNV	standards	-	DNV-GL-OS-
C401	[24].	Fabrication	planning	involves	the	instructions	and	information	requirements	to	
identify	 procedures,	 testing,	 work	 instruction,	 acceptance	 criteria,	 hold	 points	 and	
documentation	 for	 the	 range	 of	 offshore	 structural	 engineering	 activities.	 These	would	
include	 weld	 joining	 procedures	 for	 different	 metals/materials,	 fabrication	 tolerances,	
corrosion	protection	systems	and	materials	certifications.	

○ For	marine	turbine	composites	manufacturing,	early	prototypes	have	used	predominantly	
manual	processes	with	high	 total	manufacturing	 costs,	whilst	 the	 first	 full-scale	devices	
relied	solely	on	manual	 layup	of	pre-impregnated	 (Prepreg)	processes	which	have	been	
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around	 in	 other	 industries	 since	 the	 1980s	 [9].	 For	 a	 review	 of	 Prepreg	 processes,	 an	
excellent	 summary	 resource	 is	 provided	 by	 Hexcel	 [12].	 There	 exists	 however,	 a	 wide	
range	 of	 composite	 manufacturing	 processes	 available	 to	 vendors	 with	 varying	
performance	versus	production	volume	criteria	(Figure	10).	Increasing	focus	is	now	being	
placed	on	 reducing	manufacturing	costs	by	 resin	 infusions,	 innovative	 turbine-moulding	
processes	like	IntegralBlade	[30]	for	wind	turbines	and	VARTM	processes	for	tidal	blades	
[31],	 reduced	 part	 counts	 and	 increased	 automation.	 Typically,	 tidal	 turbine	 blade	
structural	 design	 integrity	 follows	 a	 pyramid	 scheme;	 level	 1	 –	material	 property	 data,	
level	2	–	design	detailed	testing,	level	3	–	testing	of	structural	elements,	and	finally	level	4	
–	 full	 scale	 structural	 testing,	which	 are	 all	 driven	by	 the	need	 for	materials’	 long	 term	
exposure	to	immersion	and	extreme	fatigue	load	[9].		

	

 
Figure	10	–	Composite	fabrication	processes	[12]	

 
● Anti-corrosion	 innovations:	 Different	 innovations	 are	 being	 researched,	 tested	 and	 under	

application,	including:	
○ Anti-biofouling	 coating	 control.	 Current	 anti-fouling	 control	 products	 fall	 into	 two	

categories,	 chemically	 active	 anti-fouling	 paints	 or	 non-stick	 fouling	 release	 coatings.	 In	
addition,	the	wide	array	of	anti-corrosion	coating	technologies	and	processes	are	designed	
to	 form	 either	 a	 corrosive	 barrier	 (non-porous	 metal	 surface	 protection),	 a	 sacrificial	
coating	 (a	 layer	 that	corrodes	 in	preference	to	the	substrate)	or	a	 fluoropolymer	coating	
(thicker	 coating	 application	 for	 more	 aggressive	 environments)	 [32].	 The	 critical	 factors	
deciding	 coating	 type	 include:	 substrate	 type;	 offshore	 environment;	 exposed	 stresses;	



Economic	opportunity	report	 	 Project	NeSSIE	

22 
 

surface	 preparation	 techniques;	 coating	 quality;	 coating	 systems	 selection;	 and	 quality	
control	-	although	importantly	the	laboratory	performance	of	a	coating	is	no	guarantee	of	
real	 life	 performance	 [8].	 The	 future	 of	 anti-biofouling	 coatings	 is	 to	 remove	 the	more	
traditional,	 environmentally-harmful	 ingredients	 of	 copper,	 zinc	 and	 other	 organic	
compounds	used	in	the	maritime	sector,	and	replace	them	with	environmentally-friendly	
and	 chemical	 neutral	 coatings	 [33],	 although	most	 of	 the	 anti-fouling	market	 today	 still	
uses	these	harmful	biocidal	coatings.	Research	is	focusing	upon	modifying	these	coatings’	
chemistry,	 i.e.	 environmentally-friendly	 coatings	 applied	 to	 ships’	 hulls	 with	 anti-fouling	
capabilities	 [34],	 coatings	 with	 pre-emptive	 healing	 abilities	 [35],	 multi-layer	 coating	
systems	to	reduce	corrosion	[36],	as	well	as	composite	coatings	[37].				

○ Composites	also	constitute	a	thoroughly-researched	and	field-applied	material	given	their	
higher	 specific	 strengths	 and	 better	 anti-corrosive	 properties	 compared	 to	 metallic	
materials	 in	seawater.	Composites	are	made	from	a	strong	fibre	‘reinforcement	material’	
component	–	like	fibreglass/carbon	–	and	a	plastic	‘matrix’	that	binds	the	fibres	together,	
e.g.	 fibre-reinforced	 plastic	 (FRP).	 FRP	 offers	 near-free	 design	 shapes	 or	 wall	 thickness	
distribution	 in	 addition	 to	 the	 simple	 integration	of	metallic	 fittings,	 no	weld	 joint	weak	
points,	 variable	 conductivity	design	 (glass	 fibre	 insulator	or	 carbon	conductor	elements),	
as	well	as	lower	relative	weight	and	energy	consumption	during	manufacturing	life	cycles	
compared	 to	 metals	 [38].	 	 The	 use	 of	 composites	 in	 marine	 energy	 applications	 is	
widespread.	 Interestingly,	 the	 designers	 of	 the	 Pelamis	WEC	 decided	 to	make	 the	main	
structural	 elements	 in	 early	 devices	 out	 of	 steel,	 to	 simplify	 structural	 analysis.	 Proven	
equipment/materials	were	used	because	they	 formed	the	major	proportion	of	structural	
spend	-	alternative	materials	(glass	fibre	reinforced	plastics)	were	investigated	later	on	as	
part	of	an	optimisation	strategy	[39].	Composites	are	already	used	in	tidal	stream	energy	
converters	systems;	there	is	no	significant	distinction	between	onshore	and	offshore	wind	
turbine	design	but	 there	 is	 however	 significantly	 different	 design	 and	material	 demands	
for	 tidal	 turbine	 given	 the	 greater	 density	 of	 water	 to	 air	 and	 resulting	 greater	 thrust	
loading.	Exposure	to	extreme	static	and	fatigue	 loads	over	 lifetime	 in	seawater,	 required	
lower	 maintenance	 interventions,	 slender	 hydrodynamic	 profiles	 of	 blades,	 biofouling	
resistance	 and	 root	 joint	 fitting	 to	 metallic	 hubs	 are	 a	 few	 considerations	 [9].	 Atlantis	
Resources	 Seagen	TEC	employs	 carbon	 fibre	 and	 glass	 fibre	 composite	blades	 as	well	 as	
glass	 reinforced	 plastic	 (GRP)	 fairings	 on	 the	 cross-arm	 turbine	 supports	 [40].	 Figure	 11	
illustrates	 a	 typical	 turbine	 composite	 blade	 construction	 –	 ply	 drop	 region	 is	 prone	 to	
cracking	due	to	high	through-thickness	forces	making	design	and	manufacturing	critical	for	
blade	 longevity.	 The	 simulation	 of	 failure	 mechanisms	 has	 advanced	 from	 simple	 cycle	
failure	counting	to	numerical	modelling	techniques	–	the	latter	 is	also	being	heavily-used	
to	 holistically	 optimise	 the	 trade-off	 between	 hydrodynamic	 efficiency	 and	 structural	
strength	 requirements.	 The	 long-term	 degradation	 of	 marine	 composites	 has	 been	
researched	 [41],	 and	 blade	manufacturing	 cost	 reductions	 and	 reliability	 improvements	
identified	 (Figure	 12),	 which	 trade	 expensive	 carbon	 and	 glass	 off	 against	 material	 and	
labour	 costs	 [42].	 Research	 into	maintaining	 hydrodynamic	 blade	 efficiency	 is	 aimed	 at	
ensuring	 the	 blade	 stays	 free	 of	 biofouling,	which	would	 also	 reduce	 blade	 degradation	
from	cavitation	effects	–	the	use	of	anti-fouling	coatings	has	been	researched	by	Plymouth	
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Marine	 laboratory	 as	 part	 of	 the	 Energy	 Technology	 Institute’s	 (ETI)	 two-year	 ReDAPT	
project	 (Figure	 13).	Using	 the	DEEP-GEN	 IV	 turbine	 testing	 at	 EMEC,	 investigation	 found	
hard	biocidal	SPC	coatings	performed	best	overall,	however	they	are	designed	for	five-year	
re-application	 cycles	 on	 maritime	 vessels	 with	 coatings	 regularly	 replaced,	 and	 not	 the	
seven	years	for	tidal	interventions	as	modelled.	ReDAPT	also	developed	a	coating	scheme	
to	match	other	component	applications	for	the	device	[43].	The	ReDAPT	testing	post	2015	
achieved	 a	 three-year	 funding	 extension	 for	 testing	 at	 EMEC	 and	 will	 prove	 a	 valuable	
project	framework	for	any	future	anti-corrosion	demonstration	product.	

	

			  
Figure	11	–	Typical	turbine	blade	structure	using	composites	[41]	

									  
Figure	12	–	Comparative	cost	reductions	for	composite	tidal	turbine	blades	[42]	
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Figure	13	–	ReDAPT	ETI	project	testing	anti-fouling	coatings	on	a	tidal	energy	device	[43]	

○ The	use	of	Aluminium	offshore	is	not	a	recent	phenomenon;	it	has	been	used	in	maritime	
vessel	designs	for	over	40	years.	Aluminium	provides	advantages	for	offshore	wind	such	as	
weight	 savings	 on	 large	 components,	 smaller	 manufacturing	 carbon	 footprints,	 ease	 of	
manufacturing	manipulation,	corrosion	resistance	(no	need	for	surface	treatment	since	a	
natural	 oxide	 layer	 protects	 its	 surface	 -as	 opposed	 to	 steel	 which	must	 be	 galvanised,	
heavily-painted	or	employed	as	 stainless	 steel	 forms),	non-combustible	unlike	GRP,	non-
magnetic,easily	 welable	 and	 can	 be	 100%	 recycled	 [44].	 Seatricity’s	 Oceanus	 2	 WEC,	
currently	 deployed	 at	 the	 UK’s	 Wavehub	 testing	 facility,	 was	 largely	 constructed	 using	
Aluminium	 [45].	 Thermally	 sprayed	 Aluminium	 (TSA)	 coatings	 used	 in	 the	 oil	 and	 gas	
industry	 provide	 long-term	protection	 for	 steel	 structures	 in	 the	 splash	 zone	but	 do	not	
resist	biofouling.	Traditionally	biofouling	 resistance	has	used	 toxic	 substances	harmful	 to	
the	 environment,	 although	 more	 recently	 a	 range	 of	 more	 environmentally	 friendly	
organic	and	 inorganic	 substances	have	been	 researched	and	 tested	 in	marine	conditions	
[46].		

	

4. NSB	offshore	across	industry	anti-corrosion	expertise		

Key messages 
The	following	value	chains	are	identified	with	the	use	of	anti-corrosion	solutions:		

• anti-corrosion	coatings;		
• anti-corrosion	cathodic	protection;		
• anti-corrosion	services;		
• anti-corrosion	material/	fabrication/manufacturing/assembly;		
• anti-corrosion	research;	
• anti-corrosion	standards	and	regulations;		
• anti-corrosion	test	facilities.	
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This	chapter	breaks	down	the	existing	NSB	anti-corrosion	solution	state-ofthe-art	sector-expertise	
research	 into	 components	 parts.	 Firstly,	 the	 value	 chains	 necessary	 to	 deliver	 various	 offshore	
industry	 identified	 corrosion	 solutions	 are	 defined.	 	 There	 then	 follows	 an	 identification	 and	
summary	of	private/public	companies	(SME	identifier	also	used	to	distinguish	company	sizes)	and	
research	 collaborations	 engaged	 in	 anti-corrosion	 solution	 value	 chains	 in	 the	 different	 sectors.	
Regulatory	 and	 standardisation	 bodies	 -with	 an	 indication	 of	 applicable	 standards–	 as	 well	 as	
suitable	test	facilities	required	to	run	an	offshore	ACS	demonstration	project	are	 listed.	Finally,	a	
scoping	review	identifying	possible	NSB	offshore	renewable	energy	developers/projects	is	included	
at	this	early	stage	to	narrow	down	the	 list	of	potential	demonstration	targets	(the	targets	being;	
offshore	 wave	 energy,	 tidal	 stream	 energy	 and	 floating	 wind	 energy	 as	 the	 most	 likely	 NeSSIE	
demonstration	candidates	given	each	one's	relative	sizes	and	maturities).	

The	importance	of	cross-sector	opportunities	were	recently	highlighted	in	a	Scottish	Enterprise	
study	analysing	Scotland’s	oil	and	gas	sector	[58].	The	study	identified	foffshore	wind	in	particular,	
and	wave	and	tidal	were	cited	as	potential	growth	zones	for	companies	with	existing	expertise	in	
subsea	facilities	and	support	services.	 	A	number	of	diversification	model	options	 illustrated	how	
practical	 value	 chain	 expertise	 through	 direct	 sales,	 product/service	 development,	 targeted	
acquisitions,	 partnerships,	 establishing	 subsidiaries,	 sub-contracting,	 mutual	 exchange	 and	
creating	 collaborative	 SMEs	 could	 be	 related	 between	 sectors.	 Understanding	 value	 chains	 and	
their	positioning	is	key	to	cross-sector	growth.		

4.1. Anti-corrosion	value	chains	identified	for	marine	energy	projects	

The	most	 relevant	 anti-corrosion	 value	 chains	 (VCs	 are	 defined	 as;	 the	 entire	 range	of	 activities	
and	infrastructure	required	to	bring	a	product	from	concept	to	its	end	use,	i.e.,	design,	production,	
marketing,	 distribution	 and	 support)	 within	 the	 different	 offshore	 industrial	 sectors	 in	 the	 NSB	
region	active	today	have	been	defined.	This	value	chain	template	approach	can	be	readily	applied	
to	other	EU	 regions	 intending	 to	 identify	 companies	and	other	organisations	 looking	 to	diversify	
into	 the	 offshore	 renewables	 anti-corrosion	 sector.	 Direct	 corrosion	 solutions	 include	 coatings,	
Cathodic	 Protection,	 and	 services,	 whilst	 ‘new	 materials’	 refer	 to	 novel	 materials	 other	 than	
standard	 steel	 alloys,	 and	 their	 fabrication,	 manufacturing	 and	 final	 assembly.	 Research,	
standards,	regulatory	compliance	and	testing	facilities	all	form	peripheral	value	chain	components	
for	direct	corrosion	and	new	materials	solutions	(Figure	14):	

● Anti-corrosion	 coating	 VCs	 –	 This	 is	most	 applicable	 to	 submerged	 or	 splash	 zone	 steel	
alloy	 structures	 and	 peripheral	 components	 to	 avoid	 corrosion	 and	 biofouling,	 but	 also	
potentially	 to	 submerged	 composite	materials	 to	 counter	 corrosion	and	blade	 cavitation	
effects.	 The	 VC	 includes	 anti-corrosion	 coatings,	 anti-fouling	 coatings,	 UV	 protection	
coatings	and	sprayed	protective	coatings.	

● Anti-corrosion	 Cathodic	 Protection	 VCs	 –	 This	 is	 only	 applicable	 to	 submerged	metallic	
alloy	 components	 with	 varying	 metallic	 material	 electrochemical	 potentials.	 Equipment	
deployed	 includes	 both	 passive	 cathodic	 protection	 (PCP)	 and	 impressed	 cathodic	
protection	(ICP)	systems.	The	VC	includes	installation,	operation,	monitoring	and	servicing	
PCP/ICP.		

● Anti-corrosion	Services	VCs	–	This	 includes	marine	offshore	corrosion	monitoring	(SHM),	
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ACS	software	design	solutions	and	periodic	servicing	and	intervention	systems.		
● Anti-corrosion	 Material/Fabrication/Manufacturing/Assembly	 VCs	 –	 This	 consists	 of	

specialist	 anti-corrosive	material	 solutions	 that	 can	 be	 used	 to	 construct	 marine	 device	
components.	Exotic	steel	alloys,	composites,	concrete,	elastomers,	plastics	and	aluminium	
materials	 for	both	major	 (e.g.	 tidal	 turbine	blades)	 and	peripheral	marine	energy	device	
components	(pipework).	This	also	includes	fabrication	and	manufacturing.	

● Anti-Corrosion	 Research	 VCs	 –	 These	 are	 the	 available	 research	 collaborations	 and	
publicly-empowered	 organisations/projects	 that	 facilitate	 support	 and	 encourage	 the	
difficult	transition	of	corrosion	solutions	between	R&D	to	commercial	application.	

● Anti-corrosion	 Standards	 and	 Regulatory	 VCs	 –	 This	 encompasses	 the	 applicable	
technology	 verification	 services	 through	 standards	 and	 certification	 for	 ACS	 offshore	
renewables	industries.	Appropriate	regulatory	bodies	and	their	main	statutes	applicable	to	
the	North	Sea	Basin	(with	a	UK	example	focus)	were	identified.	

● Anti-corrosion	Test	facility	VCs	–	These	are	the	available	open-sea	NSB	testing	facilities	for	
potential	demonstration	projects.	 	

	
The	following	section’s	search	forsuitable	participating	parties	in	each	NSB	region	relevant	to	each	
VC	has	been	wide,	but	it	should	be	noted	was	not	exhaustive	-	the	identified	parties	are	examples	
only.		
	

 
Figure	14	–	NeSSIE	project	value	chain	interactions	with	stakeholders	

4.2. Key	NSB	private	companies	offering	offshore	anti-corrosion	solutions	

Using	 a	 combination	 of	 website	 research,	 partner	 inputs	 and	 2017	 oil	 and	 gas	 as	 well	 as	 the	
offshore	renewable	energy	exhibition	vendor	attendees,	a	shortlist	of	private	companies	offering	
various	anti-corrosion	solution	value	chain	expertise	was	collected	and	shown	in	Table	21,	Annex	
II.	Research	focused	on	the	NSB	region.	Within	the	ACS	coatings,	CP,	new	materials,	and	services	
value	chains,	a	mixture	of	larger	company	and	SME	expertise	exists	across	different	countries.	Of	
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particular	 interest	 are	 companies	 actively	 advertising	 their	 services	 at	 the	 various	 industry	
conferences	this	year	–	these	companies	may	be	particularly	favourable	to	expanding	their	existing	
market	scope	to	encourage	growth.	

The	Society	of	Petrol	 Engineers	 (SPE)	Offshore	Europe	September	2017	conference	 [47]	was	
one	such	opportunity	of	which	the	NeSSIE	team	took	advantage.	During	the	visit,	a	large	number	
of	 possible	 vendors	 who	 specialise	 in	 supplying	 and	 researching	 novel	 materials	 and	 corrosion	
products	and	services	to	the	oil	and	gas	industry	were	approached	and	questioned	regarding	their	
possible	 interest	 in	 the	 project.	 Almost	without	 exception,	 14	 of	 the	 19	 companies	 interviewed	
gave	a	favourable	response	to	further	collaboration	and	contact	with	NeSSIE	via	diversification	of	
their	 existing	 businesses.	 Although	 the	 transferability	 between	 sectors	 may	 not	 have	 been	
immediately	 obvious,	 the	 potential	 use	 of	 new	 materials,	 existing	 fabrication	 supply	 chains	 or	
more	 direct	 corrosion	 services	 to	 the	marine	 renewables	 sector	were	 organically	 discussed	 and	
evident.	Most	of	 the	companies	had	already	considered	diversification	at	 some	 level,	with	some	
already	partnering	in	offshore	wind	projects	and	all	 identifying	the	lack	of	translation	mechanism	
between	industries	as	being	the	main	enabler.	The	recent	downturn	in	the	oil	and	gas	industry	in	
the	NSB	was	identified	as	a	key	driver	to	these	companies	wanting	to	diversify,	whilst	perhaps	in	
the	past	the	necessity	to	do	so	was	less	apparent.		

The	companies	approached,	as	well	as	those	that	gave	favourable	collaboration	responses,	are	
listed	below,	and	provide	a	snapshot	of	cross	industry	vendors	who	could	collaborate	with	NeSSIE:	

● Oxifree	Global	Ltd	–	a	protective	thermoplastic	coatings	provider;	
● GCG-Group	 –	 A	 surface	 treatment	 and	 coating	 specialist	 (including	 thermally	 sprayed	

aluminium);	
● McDuff	International	–	A	marine	cathodic	protection	vendor;	
● Cactus	 International	 Ltd	 –	 A	 ceramic	 paint	 coatings	 and	 offshore	 surface	 preparation	

specialist;	
● Presserv	–	An	asset	integrity	and	preservation	services	company;	
● Rochling	–	A	thermoplastics	and	composites	manufacturer;	
● Subsea	Power	Hub	–	A	small	scale	Darrius	current	turbine	developer;	
● National	Composites	Research	Centre	–	UK	national	centre	for	composites	research;	
● Bridon	Bekaert	–	A	marine	steel/plastic	braided	tension	leg	rope	specialist;	
● Rubberatkins	–	A	Norsok	standard	high	performance	elastomer	manufacturer;	
● Motive	–	A	materials	and	fabrication	company;	
● Underwater	cutting	solutions	–	A	decommissioning	specialist;	
● Oil	and	Gas	Technology	Research	Centre	–	A	diversification	research	hub;	
● Neptune	Offshore	Services	–	A	underwater	corrosion	monitoring	provider.	

	
The	private	anti-corrosion	companies	who	exhibited	at	the	Offshore	Wind	Energy	2017	conference	
[48]	 earlier	 in	 the	 year	 and	 thus	 already	 actively	 involved	 in	 offshore	 renewables	 supply	 chains	
included:	

● AKZONOBEL	–	Large	coatings	supplier;	
● Corrosion		–	Dutch	based	company	specialising	in	impressed	cathodic	protection	systems;	
● Deepwater	EU	–	Corrosion	management	Services	specialist;	
● Hutchinson	Engineering	–	Steel	fabricator	to	offshore	wind;	



Economic	opportunity	report	 	 Project	NeSSIE	

28 
 

● ITW	Engineered	Polymers	–	High	performance	concrete	foundation	supplier;	
● Krebs	Korrosionsschutz	GmbH	–	Maritime	industry	coatings	specialist;	
● MME	Group	–	Impressed	CP	and	corrosion	services;	
● CWIND		–	Corrosion	services	provider.	
	

The	 remaining	 private	 companies	 listed	 in	 the	 Annex	 II	 Table	 21	 have	 been	 sourced	 from	 a	
collection	 of	 inputs;	Wave	 Energy	 Scotland	 and	 Enterprise	 Technology	 Partnership	 referrals,	 the	
2017	Renewable	UK	Wave	and	Tidal	 conference	 in	 London,	NeSSIE	consortium	partners	and	 the	
author	of	this	report’s	own	knowledge	and	research.	The	cross-industry	sector	companies	listed	all	
show	 potential	 technologies	 and	 expertise	 that	would	 be	 applicable	 to	 a	NeSSIE	 demonstration	
project	and	form	candidates	for	the	D2.3	industry	questionnaire	deliverable	–	the	format	of	which	
will	be	heavily	influenced	by	learning	from	the	Offshore	Europe	conferences	attended.	

4.3. Key	NSB	collaborations	researching	anti-corrosion	solutions	

Research	 collaborations	 are	 numerous	 and	 varied	 in	 their	 structure,	 locale,	 timing	 and	 funding	
source.	Each,	however,	shares	the	common	goal	of	directing	funding	from	public/private	budgets	
into	 internationally/national/privately	 targeted	 strategic	 technology	 economic	 and	 community	
development	 innovation	 programmes.	 Table	 22	 in	 Annex	 II	 lists	 those	 NSB	 regional	 research	
collaborations	that	may	be	interested	in	participating	in	NeSSIE	corrosion	expertise	translation.	

An	example	of	a	national	government	 funded,	regional	economic	development	organisation	
(REDO)	 is	Wave	 Energy	 Scotland	 [49],	 a	 subsidiary	 of	Highlands	 and	 Islands	 Enterprise	 [50],	 and	
which	 promotes	 innovation	 and	 investment	 in	 the	 wave	 energy	 sector	 in	 Scotland.	 This	
collaboration	 offers	 a	 range	 of	 power	 take	 off,	 novel	 wave	 energy	 converter	 and	 materials	
research	 programs	 with	 favourable	 timings	 that	 could	 coincide	 with	 demonstration	 project	
selection:	

● Novel	WEC	programme	–	Eight,	project	gate	stage	two	(small	scale	engineering	and	tank	
testing)	WEC	devices	being	researched	up	to	autumn	2018	prior	to	the	next	gate	selection	
stage	three	(scaled	prototype	in-sea	testing).		

● Materials	 and	Manufacturing	process	programme	–	Ten,	 gate	 stage	one	 (reduced	 scale	
concept	proof	and	iterative	engineering	performance)	materials	studies	that	began	in	early	
2017,	stage	two	selection	applications	will	be	decided	by	early	2018.	

● Power	 Take	 off	 (PTO)	 –	 17	 various	 stage	 two	 and	 three	 PTO	 devices	 with	 ongoing	
research.	 The	 CorPower	 Hi-Drive	 PTO	 is	 the	 most	 advanced	 of	 all	 these	 projects	 with	
operational	testing	planned	at	EMEC	imminently.		

	
Wave	 Energy	 Scotland	 functions	 on	 a	 stage	 gate	 process	 for	 project	 development	 and	 funding	
release	as	represented	in	Figure	15	[51].		
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Figure	15	–	Wave	Energy	Scotland	stage	gate	project	development	[51]	

Another	attractive	R&D	collaboration	based	in	the	UK	is	the	ORE	Catapult	-	the	flagship	innovation	
and	 research	 centre	 dedicated	 to	 offshore	 wind,	 wave	 and	 tidal	 advancement.	 The	 following	
innovation	challenges	were	identified	by	the	Catapult:	
● For	 Fixed	 wind	 turbine	 foundations	 –	 Develop	 improved	 coatings	 or	 corrosion	 protection	

methods	 that	 protect	 the	 structure	 in	 the	 intertidal	 zone	where	 CP	 protection	 is	 ineffective	
[52].	 This	 requirement	 could	 tally	 well	 with	 a	 novel	 materials	 investigation	 or	 new	 coating	
methods.	

● For	tidal	and	wave	systems	–	Develop	solutions	to	improve	the	monitoring	of	the	condition	of	
tidal	and	wave	energy	convertors	and	arrays	[53].	Structural	corrosion	and	biofouling	buildup	
monitoring	systems	could	be	translated	between	industries.	

● For	tidal	systems	–	Develop	a	cost	effective	subsea	connector	that	accounts	for	the	dynamic	
and	 oxygenated	 environment	 of	 wave	 and	 tidal	 sites,	 to	 reduce	 early	 failures	 and	 to	 bring	
down	the	cost	of	this	significant	component	[54].	Wet	mate	connector	failures	through	subsea	
corrosion	initiates	early	failures	of	connectors	developed	for	the	oil	and	gas	industry.		

● For	tidal	blades	–	 Innovative	solutions	that	 improve	the	durability	of	tidal	turbine	blades	are	
required.	This	may	 include	providing	 levels	of	 self-healing	or	hardening	 the	 leading	edges	of	
blades	[55].	New	composite	materials	fabrication	processes	or	blade	coating	research	could	be	
applicable	to	this	challenge.	

	
Several	relevant	research	findings	have	already	emerged	from	the	ORE	Catapult	and	may	be	of	use	
to	NeSSIE:	
● Marine	 growth	monitoring	 and	mapping	 [53]	 –	 Biofouling	 industry	 consultation,	 predictive	

mapping	 feasibility	 study	 and	 promising	 commercial	 sensor	 monitoring	 technology	
investigation.	Key	findings:	
○ Applied	biofouling	monitoring	 technology	 supply	 chains	 are	only	 feasible	 if	 services	 are	

spread	 across	 all	 offshore	 sectors.	 A	 single	 technology	 focusing	 on	 marine	 offshore	
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devices	alone	would	not	be	economic	unless	spread	across	the	wider	offshore	sector.	
○ Biofouling	monitoring	would	allow	optimisation	of	expensive	vessel/ROV	interventions.	It	

will	 also	 allow	 optimisation	 of	 routine/regular	 device	 corrosion	 check-ups	 and	 device	
performance	efficiencies.	

○ Biofouling	 of	 important	 measuring	 devices	 like	 Acoustic	 Doppler	 Current	 Profilers	 and	
Acoustic	 Doppler	 Velocity	 Meters	 are	 often	 overlooked	 by	 developers.	 A	 biofouling	
sensor	 twinned	 with	 these	 instruments	 would	 provide	 better	 data	 quality	 and	
maintenance	scheduling.		

○ Macro-fouling	monitoring	will	aid	device	compliance	with	 incoming	 legislation	based	on	
the	 EU	 biodiversity	 strategy	 2020	 on	 ‘combatting	 alien	 species’,	 which	 involves	
compliance	monitoring.	

○ No	one	technology	is	suitable	for	either	micro	or	macro	fouling	monitoring	of	renewable	
marine	energy	devices.	

○ CENSIS	 (Innovation	 centre	 for	 sensor	 and	 imaging	 systems)	 has	 ongoing	 projects	 with	
useful	networking	and	knowledge	sharing	capabilities	 [56].	 	For	example,	the	 ‘Improved	
NDT	for	corrosion’	study	that	began	in	early	2017	by	Strathclyde	University	and	TRAC	Oil	
&	Gas	ltd.	

● O&M	key	issues	in	offshore	wind	2015/2016	–	Analysing	the	key	challenges	required	for	the	
growing	offshore	wind	industry	and	related	products	and	services	[57]:	
○ Unscheduled	reactive	and	proactive	activities	constitute	65%	of	O&M	incurred	costs.	
○ ORE	Catapult	priorities	to	reduce	this	fraction	relevant	to	NeSSIE:	

■ Improvement	in	asset	management	tools	–	e.g.	condition	monitoring	systems;	
■ Reliability	improvements.	

● Floating	wind	technology	assessment	2015	–	Assessment	of	floating	wind	sector	in	relation	to	
technical	 development,	 deployment	 volume	 and	 cost	 competitiveness	 [58].	 The	 most	
technically	 advanced	 projects	 include	 Statoil’s	 Hywind,	 Principle	 Powers	 Inc.	 Windfloat	 and	
Glosten	 Associates	 Pelastar	 farms.	 	 More	 recent	 additions	 to	 this	 	 list	 include	 the	 IDEOL	
Floatgen	 demonstration	 project	 and	 the	 Kinkardine	 OFW.	 The	 key	 identified	 technical	
challenges	relevant	to	NeSSIE	are:	
○ Support	structures	for	floating	wind	not	yet	optimised;	
○ Distance	offshore	limits	inspection	and	maintenance	operations.	

● Marine	 energy	 component	 analysis	 case	 study	 2016	 –	 An	 EMEC	 and	 ORE	 Catapult	 kick-off	
database	cataloguing	component	 failures	during	EMEC	testing	that	 impacts	device	reliability,	
survivability	and	O&M	cost	impacts	[59].	Key	findings:	
○ To	 successfully	 move	 to	 commercial	 scale	 deployments,	 the	 sector	 will	 need	 marine	

components	that	are	fully	tested	and	proven.	The	cost	of	field	failures	is	high,	especially	if	
the	initial	component	failure	leads	to	cascading	failures.	

○ Corrosion	failure	mechanisms	for	small	components	and	need	for	higher	corrosion	grades	
or	corrosion	coatings	are	referred	to,	along	with	better	high	stress	component	materials	
selection	and	more	rigorous	weld	inspection.	

	
Three	 particular	 institutions	 and	 organisations	 specialising	 in	 specialist	 materials	 research	 and	
industrial	collaboration,	which	outwith	the	UK	may	warrant	an	approach	by	the	NeSSIE	consortium	
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to	 develop	 conversations	 around	 materials	 and	 corrosion	 value	 chains.	 These	 include;	 SINTEF	
(Scandinavia),	SWEREA	(Sweden)	and	 ITMA	(Spain).	Each	one	has	direct	connections	to	corrosive	
solutions	 research	 and	 may	 best	 be	 approached	 by	 partners	 in	 their	 respective	 countries	 to	
investigate	possible	project	collaborations	with	NeSSIE.	
	
Two	EU-funded	projects	that	specifically	 looked	at	thermally	sprayed	protective	aluminium	(TSA)	
coatings	 for	marine	energy	devices	 include	ACORN	 [46]	and	OCEANIC	 [60].	The	 former	ended	 in	
2016,	 but	 the	 latter	 has	 in-sea	 tests	 ongoing.	 ACORN	 embedded	 environmentally	 friendly	 anti-
fouling	 substances	 to	 the	 TSA	 coating	 with	 seven-month	 trials	 in	 Northern	 Spain	 exhibiting	
excellent	 corrosion	 protection	 and	 a	 predicted	 twenty-year	 design	 life.	 The	 ACORN	 project	 also	
developed	a	corrosion	and	cavitation	resistant	coating	(cermet	HVOF)	for	tidal	turbine	blades	with	
a	 ten-year	 design	 life.	 Both	 offer	 high	 potential	 innovative	 ACS	 that	 could	 be	 incorporated	 into	
NeSSIE	demonstration	projects.	Similarly,	but	perhaps	constrained	by	confidentiality	is	the	EMEC-
Whitford	ACS	coatings	investigation	project	carried	out	in	2016.	Engagement	with	the	University	of	
Highlands	 and	 Islands	 in	 Scotland,	 which	 led	 the	 EU-funded	 FP7	 MERIKA	 [61]	 marine	 energy	
accelerator	programme,	may	also	prove	profitable,	 as	under	 this	 research	umbrella	 a	biofouling	
study	on	AW-Energy’s	Waveroller	device	in	Peniche,	Portugal	was	carried	out	in	late	2017	[62].	
	
The	Belgium-based	collaborative	OWI-lab	Energy	Research	Alliance	specialises	in	linking	R&D	with	
industry	 to	 help	 realise	 cost	 reductions	 on	 offshore	 wind.	 In	 particular	 these	 include	 the	 OWI-
project	 (dedicated	 innovation	 projects),	 VIS-O&M	 project	 (smart	 solutions	 to	 OPEX	 cost	
reductions)	 and	O&O	Parkwind	projects	 (monitoring	and	assessment	offshore	 foundations)	 [63].	
All	will	share	synergies	with	novel	materials	and	corrosion	solutions	for	fixed	wind	turbine	systems	
and	provide	a	valuable	 linkage	between	NeSSIE	demonstration	projects	and	industry,	 in	a	similar	
way	to	the	UK	WES	and	ORE	Catapult	organisations.		

Staying	with	the	topic	of	offshore	wind,	the	Carbon	Trust’s	Offshore	Wind	Accelerator	is	a	
flagship	R&D	programme	set	up	in	collaboration	with	key	developers.	The	current	phase	kicked	off	
in	2017,	with	cost	reduction	topics	split	into	five	categories.	The	most	relevant	category	to	NeSSIE	
is	arguably	offshore	foundations	[64],	in	particular	a	new	subsea	structure	inspection	competition	
to	 enhance	 inspection	 strategies	 –	 for	 example	 grouted	 joints	 and	welds	 corrosion	preventative	
maintenance.	Whilst	 the	 competition	 itself	 does	 not	 directly	 lend	 itself	 to	 NeSSIE	 aims,	 it	 does	
identify	 a	 key	 corrosion	weakness	 that	 could	be	addressed	by	novel	materials	or	ACS,	 such	as	a	
corrosion	monitoring	system.		
	
R&D	 into	corrosion	solutions	 in	addition	to	the	previously	mentioned	WES	studies	 is	widespread	
across	 the	 UK.	 	 However,	 integrating	 advanced	 materials	 research	 into	 a	 2018	 demonstration	
project	 is	more	 of	 a	 practical	 challenge	 than	 applying	 a	 component	 coating,	 CP	 or	 ACS	 service.	
Further	 investigation	 into	 several	 other	 advanced	materials	R&D	programmes	may	be	beneficial	
should	confidentiality	not	be	an	 issue.	R&D	programmes	 in	 the	UK	 include;	AEMRI’s	 tidal	device	
inspection	methods	[65],	the	University	of	Manchester’s	SUSTICOAT	and	Graphene	Oxide	coatings	
[66],	Warwick	University’s	DURACOMP	study	on	composites	durability	[67],	Plymouth	University's	
Materials	 and	 Structures	 (MAST)	 composites	 research	 [68]	 and	 the	 University	 of	 Cork’s	 MaREI	
composites	fatigue	testing	[69].	
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4.4. Key	NSB	test	facilities	for	demonstration	trialling	of	anti-corrosion	solutions	

Demonstration	project	suitability	to	private	test	facilities	across	the	North	Sea	Basin	depends	upon	
the	 testing	 TRL	 stage	 of	 the	 projects	 selected.	 NeSSIE	 will	 specifically	 be	 identifying	 projects	 at		
EMEC-referenced	TRL	standards	 [70]	greater	than	 level	 five	 for	wave	and	tidal,	 i.e.,	projects	that	
have	 emerged	 from	 conceptual/detailed	 design	 and	 scaled	 tank	 performance	 testing	 to	 large-
scale/full-scale	 in-sea	 testing	 (see	 Table	 20,	 Annex	 II	 for	 a	 description	 of	 TRL	 levels).	 This	 TRL	
convention	was	also	used	 for	offshore	wind	demonstrations.	Table	23	 in	Annex	 II	 lists	 identified	
and	suitable	test	facilities/partnerships	for	each	of	the	technologies.	

	Given	the	particular	nature	of	corrosion	in	seawater	for	this	project,	only	active	open	ocean	
testing	facilities	have	been	considered	in	this	listing.	The	majority	of	large-scale	test	tanks	around	
Europe	 use	 freshwater	 facilities	 for	maintenance	 reasons.	 The	 Energy	 Technology	 Partnership	 -	
mentioned	in	the	R&D	collaborations	table	–	is	involved	in	the	Scottish	Energy	Laboratory	(SEL)	in	
the	UK,	a	network	of	research,	test	and	demonstration	centres.	This	partnership	grants	access	to	a	
wide	range	of	wind,	wave	and	tidal	test	facilities,	as	well	as	material-testing	facilities	that	could	be	
made	available	to	a	NeSSIE	demonstration;	these	facilities	largely	cater	to	projects	at	TRLs	four	and	
below.	 The	 last	 point	 of	 note	 is	 that	most	 floating	 wind	 projects	 and	 some	 start-up	 tidal	 array	
projects	in	the	context	of	possible	NeSSIE	demonstration	candidates	are	better	covered	in	the	later	
‘Developers’	 section	 of	 this	 chapter	 given	 their	 post	 testing,	 more	 advanced	 commercialisation	
status.		

When	 describing	 offshore	 test	 facilities,	 the	 pre-eminent	 large-to-full-scale	 open-sea	 wave	
and	 tidal	 test	 facility	 in	 Europe	 is	 EMEC,	 in	 the	 Orkney	 Islands	 of	 Scotland,	 which	 has	 been	
attracting	wave	and	tidal	developers	since	2003.	This	facility,	and	projects	scheduled	for	testing	in	
EMEC	during	2018,	are	an	obvious	target	given	NeSSIE’s	criteria.	Up	to	2015	EMEC	was	one	of	the	
sites	 funded	 through	 the	 EU-funded	 MaRINET	 project,	 giving	 selective	 access	 to	 developers	 to	
accelerate	 marine	 energy	 development.	 EMEC	 will	 continue	 to	 be	 accessible	 via	 MaRINET’s	
daughter	project	-	MaRINET2,	which	provides	access	to	57	offshore	energy	test	facilities	of	varying	
size,	and	which	runs	between	2016-2019	[71].	MaRINET2	recently	closed	to	first	call	submissions	
and	 awarded	 €1.3M	 to	 34	 successful	 projects.	 The	 infrastructure	 portfolio	 accessible	 under	 the	
MARINET2	project	is	shown	in	Figure	16.	
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Figure	16	–	MARINET2	infrastructure	access	portfolio:	technologies	and	TRL	levels	[71]	

	
Another	EU-funded	project,	 FORESEA,	grants	access	 to	a	 far	narrower	 range	of	open	sea	 testing	
sites	-		these	do	however	include	the	larger	sites	at	EMEC	in	Scotland,	SEMREV	in	France,	SmartBay	
in	 Ireland	and	 the	Tidal	 Test	Centre	 in	 the	Netherlands.	 FORESEA	 runs	between	2016	and	2019,	
with	 the	 fifth	 call	 for	 proposals	 inviting	 45	 applications,	 with	 winners	 being	 announced	 in	
September	 2017	 [72].	 Accessibility	 to	 each	 of	 these	 facilities’	 testing	 schedules	 would	 aid	 the	
identification	of	wave	and	tidal	demonstration	project	candidates.	Of	the	other	open	sea	test	sites	
listed,	 only	 WaveHub	 (UK)	 –	 with	 sites	 in	 South	 Pembrokeshire	 and	 Cornwall	 -	 as	 well	 as	 FaB	
Falmouth	(UK)	for	WECs,	and	QUB	(Ireland)	for	TECs	have	easily	traceable,	demonstrable	records	
of	past	project	testing,	and	mention	future	growth	and	device	testing	programmes.	The	recently-
completed	PLOCAN	test	centre	in	Grán	Canaria,	which	sits	outside	the	NSB	region,	should	however	
be	 considered	 for	 demonstration	 projects	 since	 it	 uniquely	 possesses	 floating	 wind	 test	 site	
infrastructure	as	well	as	wave	site	testing.		

In	the	UK,	testing	facilities	starting	at	earlier	TRL	stages	are	available	at	the	ORE	CATAPULT’s	
National	 Renewable	 Energy	 Centre	 (NaREC).	 These	 independent	 and	 open-access	 facilities	 are	
designed	for	project	access	at	the	TRLs	three	and	higher,	with	the	purposes	being	the	scaling	up	of	
projects	 towards	 pre-commercialisation.	 Relevant	 test	 facilities	 include	 rotor	 blade	 structural	
testing,	PTO	component	testing,	HV	cable	electrical	testing,	subsea	shallow	seawater	testing	tanks	
and	an	artificial	seabed,	as	well	as	a	7MW	nearshore	wind	turbine	at	Levenmouth	in	Fife,	Scotland.	
Given	 the	 CATAPULT’s	 earlier	 identified	 corrosion	 challenges,	 a	 new,	 previously-validated	
materials/fabrication	 process	 for	 superior	 corrosion	 protection	 could	 be	 tested	 here,	 or	 even	 a	
short	term	scaled	prototype	using	the	artificial	seabed	facility.		

A	rapidly	developing	marine	energy	research	centre	is	to	be	found	in	the	Marine	Energy	Hub	
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in	 North	 Wales	 [73].	 Nova	 Innovation,	 a	 private	 tidal	 turbine	 array	 company	 is	 building	 an	
operational	presence	at	the	site	to	aid	development	of	its	Bardsley	Sound	tidal	project.	The	facility	
itself	has	identified	West	Anglesey	as	a	future	tidal	demonstration	site.	

With	respect	to	offshore	wind	test	sites,	traditional	turbine	test	sites	have	been	lacking	due	to	
the	 high	 capital	 cost	 of	 establishing	 them,	 in	 turn	 encouraging	 a	monopoly	 for	well-funded	 and	
independent	turbine	manufacturers	to	dominate	-	Siemens	Wind	Power	supply	96.4%	of	the	EU’s	
current	offshore	wind	turbines	 [74].	The	new	offshore	wind	testing	centre	 (EOWDC),	offshore	of	
Aberdeen,	 is	 planned	 to	 come	 online	 for	 testing	 access	 in	 the	 summer	 of	 2018.	 It	 will	 look	 to	
facilitate	entry	into	the	turbine	market	for	smaller	players,	and	improve	innovation	testing	access	
to	 existing	developers.	 This	 facility	may	provide	opportunities	 to	 test	 anti-corrosion	 solutions	 to	
offshore	wind	structure	foundations,	or	potentially	scheduled	floating	wind	testing	programmes.	

	

4.5. Key	NSB	regulatory	and	standards	certification	bodies	

Regulatory	compliance	by	a	NeSSIE	corrosion	demonstration	project	would	primarily	need	to	refer	
to	 national	 and	 international	 health,	 safety	 and	 environmental	 regulations.	 The	 collection	 of	
International	and	European	regulatory	statutes	is	shown	in	Table	24,	Annex	II.		At	a	national	level,	
and	since	the	UK	is	at	the	forefront	on	offshore	renewables	installations,	the	MeyGen	tidal	stream	
project’s	 comprehensive	 environmental	 impact	 assessment	 [75],	 which	 was	 required	 to	 outline	
compliance	with	all	relevant	regulations,	has	been	used	for	the	NSB	region	demonstration	projects	
regulatory	reference.	The	existence	of	projects	and	reports	 like	this	one	do	favour	the	UK	for	all	
NSB	demonstration	projects	given	the	maturity	of	regulatory	and	compliance	frameworks	already	
in	place.	The	UK	Health	and	Safety	Energy	(HS&E)	division’s	regulations	–	to	which	all	UK	offshore	
oil	 and	 gas	 platforms	 adhere	 –	 would	 also	 be	 a	 reference	 resource.	 Any	 corrosion	 specialists	
already	 working	 in	 the	 offshore	 oil	 and	 gas	 sector	 would	 be	 aware	 of	 the	 necessary	 HS&E	
regulations	for	their	products	and	services.		

Early	 stage	 technologies	benefit	 from	similar,	more	established	offshore	 industrial	expertise	
when	it	comes	to	countering	challenges	and	incorporating	lessons	learnt	–	for	wave,	tidal	stream	
and	floating	wind	the	application	and	adaptation	of	certifications	and	standards	can	help	to	guide	
technology	development.	For	fixed	wind,	technology	standards	have	already	been	adopted	-	ASTM	
standards	 covering	 corrosion	 and	 wear,	 steel	 manufacture,	 metallic	 coatings	 and	 composites	
manufacturing	 are	 already	 used	 in	 the	 OFW	 industry	 [24].	 For	 floating	 wind	 technologies	
approaching	commercial	deployment,	developers	have	benefitted	by	 the	adaptation	of	both	 the	
existing	oil	and	gas,	and	the	above-mentioned	fixed	wind	offshore	design	standards.	A	2011-2013	
joint	industry	project	by	DNV-GL	adapted	a	standard	for	a	floating	offshore	wind	design	-	DNV-OS-
J103,which	 -	 when	 used	 in	 parallel	 to	 DNV-OS-J101-	 allows	 a	 set	 of	 design	 principles,	 technical	
requirements,	 construction	guidelines	and	 inspection	criteria	 to	be	used	 [76].	DNV-GL	 standards	
are	also	prominent	in	European	offshore	wind	farm	development.	

Regarding	standards,	guidelines	and	certification	for	offshore	wave	and	tidal	stream	devices,	
their	 agreement	 and	 application	 is	 not	 as	 advanced	 as	 for	 offshore	 wind.	 	 EMEC	 in	 2009	
coordinated	 a	 set	 of	 twelve	 wave	 and	 tidal	 energy	 draft	 standards	 for	 application	 (Table	 25	 in	
Annex	II).	An	ORE	Catapult	review	of	their	application	in	2014	[77]	concluded	a	variable	awareness	
and	 take	 up	 of	 these	 standards	 and	 an	 awareness	 that	 further	 guideline	 construction	 was	
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underway.	 In	 this	 workshop,	 it	 was	 also	 recognised	 that	 the	 development	 of	 a	 clearly	
distinguishable	marine	energy	certification	would	help	promote	the	technology.	This	is	led	by	the	
International	Electrical	Commission	(IEC),	with	an	IECRE	organisation,	namely	Technical	Committee	
(TC)	 114	 ‘Marine	 energy’,	 established	 to	 coordinate	 the	 MET-CERTIFIED	 [78]	 programme	 and	
funded	 through	 the	 EU’s	 INTERREG-2	 Seas	 programme.	 The	 objective	 is	 to	 develop	 a	 set	 of	
internationally	recognised	certifications	to	promote	marine	renewables,	which	focus	on	resource	
assessment,	device	performance	assessment	and	electrical	power	delivery	quality.	

With	 respect	 to	 NeSSIE,	 there	 	 are	 a	 number	 of	 well	 developed,	 cross-sector,	 industrially-
applied	 standards	 and	 certifications	 that	 could	 potentially	 be	 applied	 to	 offshore	 protection	 .	
NORSOK	design,	installation	and	fabrication	standards	are	heavily	applied	to	design	in	the	offshore	
oil	 and	 gas	 sector,	 as	 are	 some	 ISO	 standards,	 yet	 on	 a	 variable	 basis.	 In	 addition,	 the	National	
Association	of	Corrosion	Engineers	(NACE)	provides	a	comprehensive	list	of	standards	specifically	
for	offshore	corrosion	treatments.	To	resolve	the	question	of	which	standards	to	use	for	NeSSIE’s	
anti-corrosion	demonstrations,	it	is	suggested	to	look	to	NORSOK	standards	M-CR-501	and	M-DP-
001	[22]:		
● NOROSK	M-DP-001:	

○ “The	 scope	of	 this	 standard	 is	 to	provide	general	principles,	 engineering	guidance	and	
requirements	 for	 material	 selection	 and	 corrosion	 protection	 for	 all	 parts	 of	 offshore	
installations.”	

○ “Material	 selection	 shall	 be	 optimized,	 considering	 investment	 and	 operational	 costs,	
such	 that	 Life	 Cycle	 Costs	 (LCC)	 are	 minimized	 while	 providing	 acceptable	 safety	 and	
reliability.”	

○ External	 corrosion	 protection	 -	 The	 external	 atmospheric	 environment	 shall	 be	
considered	 wet	 with	 the	 condensed	 liquid	 saturated	 with	 chloride	 salts.	 Material	
selection	and	surface	protection	shall	be	such	that	general	corrosion	 is	cost	effectively	
prevented	 and	 chloride	 stress	 corrosion	 cracking,	 pitting	 and	 crevice	 corrosion	 are	
prevented.	 Carbon	 steel	 shall	 always	 have	 surface	 protection	 to	 the	 external	
environment.	Additional	corrosion	allowance	or	other	means	of	protection	are	required	
for	installations	in	the	splash	zone.”	

○ “Cathodic	 protection	 shall	 be	 used	 for	 all	 submerged,	 metallic	 materials,	 except	 for	
materials	which	are	immune	to	seawater	corrosion.	Surface	coating	shall	in	addition	be	
used	 for	 components	 with	 complex	 geometry	 and	 were	 found	 to	 give	 cost	 effective	
design.”	

○ “If	galvanic	corrosion	is	likely	to	occur,	the	dissimilar	materials	shall	either	be	electrically	
isolated	with	 an	 isolating	 spool	 or	 the	more	 noble	material	 shall	 be	 internally	 coated	
close	to	the	coupling.”	

○ “For	 carbon	 steel	 welds	 -	 For	 pipe	 systems	 with	 corrosive	 service	 the	 welds	 shall	 be	
compatible	with	 the	 base	material	 in	 order	 to	 avoid	 local	 corrosion	 of	weldment	 and	
heat	affected	zone.	Where	weld	overlay	is	used	to	prevent	crevice	corrosion	in	seawater	
systems,	 alloys	 with	 documented	 crevice	 corrosion	 resistance	 in	 the	 as	 weld	 overlaid	
condition	shall	be	used.”	

○ “Design	 of	 corrosion	 monitoring	 systems	 shall	 be	 based	 upon	 criticality	 evaluations	
taking	 appropriate	 note	 of	 probability	 of	 failure/damage	 and	 the	 consequences.	 Such	
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systems	shall	at	least	be	evaluated	for	carbon	steel	pipelines	and	flow	lines,	carbon	steel	
hydrocarbon	piping	and	cathodic	protection	systems.”	

4.6. Key	NSB	developers	for	demonstration	trialling	of	anti-corrosion	solutions	

A	non-exhaustive	and	 selective	 listing	of	 European	 centric	wave,	 tidal	 and	offshore	wind	energy	
developers	was	undertaken	to	better	focus	NeSSIE’s	selected	demonstration	projects.	Companies	
were	only	 considered,	which	were	 known	 to	 currently	have,	 or	plan	 in	 the	near	 future	 to	have,		
marine	 technology	 projects	 above	 TRL	 5	 	 (full	 scale	 testing	 at	 sea	 according	 to	 EMEC	 TRL	 scale	
[70]),	or	fully	commercial	projects.	An	illustration	using	a	WEC	example	of	the	various	TRL	stages	is	
shown	in	Figure	17.	Each	developer	was	further	filtered	by	location,	i.e.,	only	those	either	having	
headquarters	 in	 Europe,	 or	 those	 known	 to	 be	 using	 European	 test	 facilities	 were	 chosen.	 In	
addition,	those	developers	no	longer	active	in	the	market	were	also	removed	and	only	those	with	
active	projects	listed	for	testing	in	2017-2018	or	beyond	were	included.	The	complete	search	list	is	
shown	 in	 Table	 24,	 Annex	 II.	 In	 addition	 to	 this	 filtered	 search,	 a	 more	 complete,	 global	 2014	
referenced	list	of	wave	and	tidal	developers	and	developments	has	also	been	included	in	Annex	II	
(Tables	 26,	 27,	 28	 &	 29).	 In	 2014,	 EMEC	 listed	 170	 different	 wave	 developers,	 and	 100	 tidal	
developers	worldwide,	45%	and	over	50%	of	which	were	developers	with	an	EU	base	respectively	
[79].	
	

 
Figure	17	–	Guide	to	various	TRL	stages	for	a	WEC	[70]	

The	most	notable	developers	recognised	to	have	projects	potentially	suiting	the	NeSSIE	time	frame	
which	will	need	further	networking	investigation	include:	

● WECs:	
○ Carnegie	Clean	Energy	–	CETO	WEC	device	testing	at	WaveHub	2017	(TRL	7-8);	
○ Wello	OY	–	Penguin	WEC	device	testing	EMEC	2017	(TRL	7-8);	
○ Havkraft	–	H-Wec	WEC	device	Hybrid	commercial	deployment	(TRL	5-6);	
○ WaveTricity	–	Ocean	Wave	Roller	testing	(Pembrokeshire)	2017	(TRL	7-8);	
○ Seatricity	–	Oceanus2	WaveHub	testing	2017/2018	(if	ERDF	fund	matched	only!);	
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○ CorPower	–	HiDrive	PTO/CorPower	WEC	Device,	2018	EMEC	testing	(TRL	5-6);	
○ AW-Energy	–	WaveRoller,	WAVEC	testing	2017	(TRL	7-8).	
	

● TECs:	
○ MeyGen	 Project	 –	 Alstom/Andritz	 devices	 operated	 by	 Atlantis	 Resources.	 Ongoing	

Phase	one	commercial	development	in	Scotland	(TRL	9);	
○ Tocardo	–	InToTidal	TEC	testing	EMEC	2017	(TRL	8-9);	
○ Current2Current	–	TEC4	tidal	turbine	R&D	2017	(TRL	8);	
○ EC-OG	–	Subsea	Power	Hub	testing	EMEC	2017	(TRL	7-8);	
○ NovaInnovation	–	NovaInnovation	30/100	turbines,	BlueMill	Sound	extension	Shetland	

Tidal	Array	2017/	EnFAIT	EU	project	2017-2022	(TRL	9);	
○ Scotrenewables	–	SR2000	TEC	tested	at	EMEC	2017	/FloTEC	EU	project	(TRL	7-8);	
○ Openhydro/Naval	 Energies	 –	 newly	 taken	 over	 (Jan	 2017),	 well	 resourced	 marine	

energy	company.	Turbines	were	EMEC	test	2014	and	a	number	of	tidal	array	projects	
are	 underway;	 Paimpol-Breht	 in	 France,	 and	 under	 consenting;	 Brimms	 Head	 in	
Scotland	(Openhydro/SSE	Renewables	)	(TRL	9);	

○ SME/Schottel	Hydro	–	SIT	tubines/PLAT-O	testing	deployment	EMEC	2017	(TRL	7-8).	
	

● OFW/FOFW:	
○ VanOrd/HVC	–	Gemini/Walney	fixed	OFW	Extension	foundation	installer	2017	(TRL	9);	
○ Hexicon	 –	 Dounreay	 Tri	 Floating	 wind	 farm	 approval	 March	 2017,	 with	 unit	 one	

assembly	complete	operational	July	2018	(TRL	9);	
○ IDEOL	–	FLOATGEN	floating	wind	demonstration	project	at	Le	Croisic,	France	SEM-REV	

test	facility	evaluation	2017	(TRL	8-9).	
	
There	are	more	viable	 tidal	project	developers	 to	approach	compared	to	 those	developing	wave	
energy	devices,	given	the	former's	more	advanced	technology,	converged	design	and	commercial	
maturity.	It	may	also	be	more	productive	for	the	NeSSIE	consortium	to	approach	offshore	floating	
wind	 developers	 for	 demonstration	 partnerships	 rather	 than	 fixed	 offshore	wind	 projects.	 Fixed	
offshore	 wind	 projects	 are	 large	 in	 relative	 size	 to	 NeSSIE,	 are	 monopolised	 by	 well-resourced	
owners,	 turbine	 suppliers	 and	 investment	 funds	 in	 the	 North	 Sea	 sector	 and	 have	 already	
identified	corrosion	problems	and	set	up	 their	own,	ongoing	solution	projects.	Floating	wind,	on	
the	other	hand,	has	 just	begun	 its	 first	offshore	pre-commercial	 installations,	with	optimisations	
ongoing	and	smaller	players	potentially	valuing	a	NeSSIE	demonstration	project	association	more.		
As	 a	 case	 in	 point,	 the	 previously	 referenced	 Carbon	 Trust	 study	 [58]	 reviewed	 the	market	 for	
floating	 offshore	 wind	 technology	 and	 identified	 the	 diversification	 in	 device	 designs	 and	 rapid	
growth	 in	 deployment	 beyond	 2018	 worldwide,	 as	 well	 as	 corrosion	 being	 one	 of	 the	 major	
sources	 of	 failure	 for	 steel	 platforms	 (22%	 of	 CAPEX),	 concrete	 moorings	 (6%	 of	 CAPEX)	 and	
anchors	(2%	OF	capex),	whilst	excluding	turbine	failures.		
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5. Offshore	renewables	corrosion	and	novel	materials	case	studies	

	
Whilst	 the	 earlier	 D2.1	 report	 gives	 a	 good	 introduction	 to	 offshore	 infrastructure	 corrosion	
solutions	generally,	it	is	deemed	worthwhile	in	this	deliverable	to	target	marine	renewable	device	
corrosion	studies	specifically,	to	give	some	context	to	the	targeted	demonstration	projects.	In	this	
way,	more	focused	and	relevant	attention	can	be	given	to	the	research	already	applied	to	testing	
innovation	 in	 the	 context	 of	 marine	 renewable	 demonstration	 devices,	 as	 well	 as	 value	 chain	
recognition,	prior	 to	embarking	on	 identifying	cross	 industry	value	chains	 in	 the	NSB	region.	The	
issue	of	corrosion	effects	on	offshore	energy	devices	is	an	important	and	growing	area	of	interest	
as	device	deployment	and	designs	advance,	and	 focus	 falls	on	device	performance	maintenance	
and	lowering	costs.	Biofouling	of	tidal	energy	devices	for	example	can	increase	drag	resistance	of	
tidal	 turbine	 blades	 –	 reducing	 performance	 efficiencies,	 cumulatively	 leading	 to	 large	 power	
generation	losses	for	tidal	farm	arrays	[8].	Corrosion	of	offshore	steel	structures	in	highly	corrosive	
seawater	mixtures	 significantly	 reduces	 component	 life,	 increases	 operational	 and	maintenance	
costs,	 and	 consequently	 impacts	 project	 profitability.	 Corrosion	 mitigation	 for	 offshore	 devices	
typically	takes	place	within	the	earlier	design	life	of	the	devices	on	a	proactive	basis,	rather	than	
reactively	as	witnessed	in	the	evolution	of	the	oil	and	gas	sector.	
	
During	 the	 literature	 research	 stage	 of	 this	 report,	 a	 few	 highly	 relevant	 reports	 came	 to	 light,	
namely	 a	 Pelamis	 WEC	 commissioning	 materials	 selection	 study	 [80],	 a	 Wave	 Energy	 Scotland	
marine	energy	device	Materials	Landscaping	Study	[81],	Aquamarine’s		knowledge-sharing	reports	
from	 its	 EMEC-trialled	Oyster	WES	 devices	 [82]	 [83]	 [84],	 an	 Energy	 Technologies	 Institute	 (ETI)	
ReDAPT	anti-fouling	field	trial	on	a	tidal	turbine	in-sea	test	[41],	and	a	peripheral	biofouling	effects	
study	 from	 a	 tidal	 project	 in	 Japan	 [85].	 This	 chapter	 summarises	 the	 findings	 of	 each	 study,	
developer	and	industry-led	innovation	in	materials	and	corrosion	for	marine	energy	devices.		

5.1. Pelamis	WEC	materials	selection	study	[80]	

The	main	objective	was	to	optimise	the	cost	efficiency	of	the	primary	structural	materials	used	for	
the	WEC	main	buoyancy	elements.	The	four	cylindrical	steel	elements	on	the	prototype	accounted	
for	 50%	 of	 the	 project’s	 structural	 budget,	 thus	 an	 obvious	 area	 for	 cost	 saving.	 The	 work	
programme	initially	considered	several	materials	already	employed	elsewhere	offshore,	including	
rolled	 steel	 (as	 used	 already	 on	 the	 prototype),	 glass	 reinforced	 plastic	 (GRP),	 wood-epoxy	
laminate	and	different	forms	of	concrete	in	single	skin	shell	form.		

Key messages 
The	following	key	findings	were	gathered	from	the	literature	research:	

• A	cost	reduction	between	20%	and	50%	could	be	reached	with	the	introduction	of	new	
materials	compared	to	the	initial	steel	prototype,	as	shown	in	the	Pelamis	study	[80].	

• WES	identified	four	key	areas	of	investigation	concerning	novel	materials	in	the	marine	
energy	 sector:	 construction	 costs,	 articulation	 systems,	 environment,	 and	
performance.	

• Both	 the	 ETI’s	 ReDAPT	 project	 and	 a	 tidal	 project	 in	 Nagasaki	 pointed	 out	 the	
importance	of	taking	into	account	bio-fouling	and	its	damage	on	marine	structures	and	
future	research	topics	on	active	and	passive	coatings.	
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Each	material	candidate	was	then	assessed	against	a	number	of	strength	and	elastic	stability	
criteria	 to	which	 each	would	be	 subjected	offshore,	 including	 extreme	bending	moments,	 shear	
force,	hydrostatic	loading,	extreme	torsional	loads	and	lifetime	bending	fatigue.	Minimum	material	
requirements	 versus	 these	 loads	were	 then	determined	 and	 indicated	only	 steel,	GRP	 sandwich	
form	and	reinforced	concrete	with	steel	post-tensioning	(carbon/steel	fibres	found	to	bring	no	real	
advantage	and	higher	costs	 than	steel)	would	economically	be	applicable.	More	detailed	studies	
on	these	three	materials	were	then	carried	out.	

The	 GRP	 results	 showed	 segments	 could	 be	 manufactured	 with	 a	 weight	 of	 10-12	 tonnes,	
using	a	combination	of	filament-wound	and	rolled	GRP	laminates.	The	recommended	materials	are	
relatively	 standard	 isophthalic	polyester	 resin	and	E-glass,	with	 some	more	 specialised	materials	
incorporated	 in	the	 inner	and	outer	skins	to	reduce	permeability.	 In	high	volume	manufacture,	a	
cost	price	of	£32.5k	(£2003)	is	estimated	for	the	GRP	segment	(10-tonne	weight	and	manufacture	
in	the	UK).	

A	suitable	arrangement	for	a	concrete	segment	was	based	on	125mm	wall	thickness	and	post-
tensioning	system	comprising	eight	steel	tendons	in	four	groups	of	two	–although	in	principle	the	
material	 had	 good	 fatigue	 properties,	more	work	was	 needed	 at	 the	 time	within	 the	 immersed	
environment	 situation.	 The	 preferred	 manufacturing	 method	 is	 horizontal	 manufacture,	 using	
either	 discrete	 pre-cast	 rings	 or	 a	 single-piece	 construction.	 The	 estimated	 cost	 of	 a	 one-off	
prototype	 segment	 was	 £47k,	 and	 a	 cost	 in	 volume	 production	 of	 £30k	 per	 segment	 (bespoke	
manufacturing	facilities).			

For	the	option	of	a	steel	segment	with	20mm	wall,	reduced	from	the	25mm	of	the	prototype,	
the	issues	raised	included	an	increased	corrosion	risk,	and	the	need	to	avoid	circumferential	welds	
to	keep	fatigue	stresses	within	DNV	limits.	In	general,	corrosion	and	fatigue	are	the	drivers	for	this	
design,	 for	which	high	quality	surface	coating	 (epoxy	paint)	 is	essential.	This	 is	not	the	case	with	
GRP	and	concrete,	and	the	additional	cost	 is	a	disadvantage	for	steel.	The	assumed	manufacture	
cost	of	the	20mm	wall	segment	was	estimated	to	be	£34.3k	in	high	volume	manufacturing	without	
surface	 coating,	 and	 £48k	 with	 epoxy	 paint	 protection.	 A	 semi	 quantitative	 table	 of	 results	 is	
presented	below	in	Table	2.		

Given	the	work	carried	out,	a	20%	to	50%	cost	reduction	by	comparison	to	the	prototype	was	
possible	 using	 these	 three	materials	 instead.	 A	 further	 consideration	 to	 ancillary	 issues	 such	 as	
rigidity,	 weight	 and	 ballasting,	 corrosion,	 damage	 tolerance,	 reparability,	 environmental	 cost	 of	
production,	and	disposability	led	to	the	conclusion	that	steel	reinforced	concrete	was	superior	to	
other	materials,	with	the	greatest	number	of	advantages	but	with	a	caveat	that	further	testing	is	
required,	particularly	fatigue	testing.	
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Table	2	–	Pelamis	materials	selection	study	results	summary	[80]	

5.2. WES	Materials	Landscaping	study	[81]	

Wave	Energy	Scotland	commissioned	a	study	to	critically	evaluate	materials	(metals,	composites,	
rubbers,	 plastics,	 liquid	 gels,	 and	 flexible	 membranes),	 coatings	 (resins,	 composites,	 metallic	
plating,	 and	 paints)	 and	 production	 techniques	 (component	 manufacture,	 fabrication	 and	
construction,	assembly,	coating	applications	 techniques)	available	 to	the	 full	 range	of	WECs.	The	
transfer	 of	 expertise	 between	 industry	 sectors	with	 the	 critical	 objectives	 of	 cost	 reduction	 and	
reliability	improvement	for	solutions	that	are	not	already	commercially	available	were	considered.			

Most	WECs	are	painted	 steel	 structures	or	 reinforced	concrete	with	 some	sub-structures	 in	
polymer	composites.	Materials	and	processes	not	previously	used	on	WECs	were	targeted	in	this	
study	 to	highlight	potential	 innovative	solutions.	The	WEC’s	main	body,	 its	 structural	 integration	
and	connections	were	considered.	The	team	consisted	of	experts	in	materials,	coatings,	design	and	
fabrication	 of	 offshore	 structures	 and	 the	 study	 was	 completed	 in	 2016,	 with	 materials	 and	
manufacturing	 design	 requirement	 inputs	 from	 ten	 WEC	 developers	 from	 a	 technology	 and	
economic	perspective.	
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The	 critical	 challenges	 faced	 in	 the	 WEC	 sector	 were	 investigated	 and	 the	 study	 boundaries	
defined	 -	 including	 the	 setting	 of	 typical	 WEC	 environmental	 exposure	 operation	 ranges,	 and	
typical	indicative	structural	exposure	loadings.	A	set	of	material	prioritised	statements	were	then	
defined	and	grouped	into	four	main	topic	areas:	

● Construction	Costs		
○ Steel	 structures	 –	 WEC	 developers	 did	 not	 believe	 a	 commercial	 LCOE	 could	 be	

reached	 using	 traditional	 materials	 and	 fabrication	 methods.	 Alternatives	 include	
concrete	to	reduce	material	costs,	composites	to	reduce	transportation	and	corrosion	
costs	or	better	cheap	steel	fabrication	methods.	

○ Composite	 structures	–GRP	 is	believed	 to	be	 too	expensive	 for	 the	primary	structure	
but	 could	 offer	 savings	 at	 the	 multi-unit	 production	 stage	 given	 their	 lightweights,	
corrosion	resistance	and	complex	shape	cutting.	

○ Transportation/Logistics	 costs	 –	 A	 focus	 on	 modular	 construction	 or	 lighter	 weight	
materials	could	reduce	costs.	

○ Fatigue	–	Considering	fatigue	and	strength,	the	first	dominates	design	over	strength.	A	
better	 understanding	 of	 fatigue	 properties	 of	 candidate	 materials	 is	 required	
(polymers,	polymer	composites	and	adhesive	joint	performance)	when	immersed.		

○ Submersible	buoyancy	–	Buoyancy	elements	are	expensive	and	unreinforced	polymers	
lack	sufficient	mechanical	qualities	to	resist	connection/mooring	loads.	

● Articulation	Systems	(between	structural	components)	
○ Knowledge	of	wear	characteristics	–	A	better	understanding	of	plain	bearing	materials	

wear	in	marine	environment	is	required.	
○ Cost	 of	 counter-face	 materials	 –	 A	 better	 understanding	 of	 alternative	 material	

surfaces	 and	 their	 compatibility	 with	 corrosion	 resistant	 alloys	 used	 in	 oil	 and	 gas	
industry	is	required.	Could	coatings	be	used	instead?	

● Environment		
○ Limitations	on	corrosion	protection	systems	–	Given	a	low	priority	for	steel	structures	

since	paint	 coatings,	 cathodic	 protection	 and	 corrosion	 allowance	 can	be	 effective	
but	with	some	additional	CAPEX,	OPEX	and	performance	costs.	

○ Effects	 of	 bio-fouling	 on	 performance	 –	 A	 medium	 priority	 since	 some	 WECs	 are	
prone	to	hydrodynamic	drag	on	surfaces.	Maintenance	free	anti-biofouling	methods	
would	be	advantageous.	

○ Effects	 of	 bio-fouling	 on	 loads	 –	 Some	WECs	 are	 prone	 to	 increase	 in	 weight	 on	
retrieval,	thus	 important	to	consider	the	impact	of	bio-fouling	on	performance	and	
survivability.	

○ Effects	 of	 bio-fouling	 on	 reliability/maintainability	 –	 Marine	 growth	 may	 affect	
reliability	 (bearings)	 and	 maintainability	 (disconnection	 systems).	 Materials	 or	
coatings	could	perhaps	be	beneficial.	

○ UV	 degradation	 –	 Polymers	 exposed	 to	 UV	 light	 are	 prone	 to	 degradation	 and	
require	protective	coatings.	

● Performance	
○ Device	 mass	 –	 For	 devices	 requiring	 inertia	 performance,	 lower	 weight	 materials	

have	advantages	for	low	inertia	devices.		
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○ Complex	shapes	–	Since	shape	impacts	performance,	with	potentially	more	complex	
shape	 aiding	 performance	 but	 at	 extra	 manufacturing	 expense	 then	 a	
Polymer/composite	moulding	processes	would	be	more	suitable	than	steel.	

	
These	 identified	 challenges	 formed	 the	 basis	 for	 solutions	 identified	 through	 teamwork	with	 an	
emphasis	on	existing	technical	methods	in	other	sectors.	Through	a	screening	process,	40	of	the	61	
technologies	were	chosen	(Figure	18)	for	further	evaluation	using	weight	scoring	(material	costs,	
manufacturing	costs,	maintenance,	durability,	logistics	etc.).	The	merits	of	material	solutions	were	
highly	dependent	upon	the	specific	design.		An	‘impact	vs.	risk’	technique	was	less	qualitative	and	
displayed	in	Figure	19	with	the	circle	diameter	reflecting	the	score	-	lower	left	quadrant	solutions	
were	considered	industry	best	practice	already	and	filtered	out	of	the	further	investigation.		

With	 respect	 to	 ACS	 for	 environmental	 protection,	 this	 study	 placed	 biocidal/anti-fouling	
release	coatings	and	composite	erosion	protection	coatings	in	the	industry	best	practice	position,	
along	with	cathodic	protection	(CP).	Emerging	coatings	did	not	make	this	study’s	shortlist	because	
they	were	all	already	commercially	available.	However,	it	is	worth	noting	the	following	points	were	
highlighted	 and	 not	 taken	 forward	 within	 this	 WES	 study,	 to	 provide	 context	 for	 NeSSIE’s	
objectives:	

● Passive	CP	is	widespread	in	OFW,	and	impressed	current	CP	systems	are	growing	in	use	in	
OFW	and	should	be	monitored.	

● Coatings	corrosion	protection	for	OFW	is	also	already	widespread	[86],	and	suitable	value	
chains	for	OFW	coatings	are	already	in	place.	

● Corrosion	 protection	 design	 software	 (Beasy	 CM/Elsyca	 CM)	 could	 be	 beneficial	 to	 ACS	
WEC	design	and	is	commercially	available.	

● Emerging	corrosion	protection	 is	an	active	research	area	with	current	material	 suppliers.	
Research	 includes	 improving	fatigue	resistance	through	fibres	addition	to	base	materials,	
two	coat	systems	(silyl	hybrid/polyaspartic)	for	cost	reduction,	and	anti-corrosion	additives	
(nanotubes/zinc	activators)	to	improve	survivability	and	self-healing	polymers.		

● Composite	 tidal	 turbine	blade	erosion	 is	 predicted	 to	be	an	 issue.	 Polymeric	 composites	
including	 super	 tough	 UHMWPE	 coatings	 are	 being	 looked	 at	 to	 avoid	 erosion.	 Further	
investigation	is	required	in	this	area.	

● Conventional	biocide	release	anti-fouling	coatings	depend	upon	vessel	movement	to	self-
polish	 to	 release	 the	 anti-fouling	 additives,	 eventually	 becoming	 depleted	 and	 requiring	
renewal.	 Fixed	 devices	 like	 WECs	 may	 not	 be	 suitable	 for	 these	 coatings,	 which	 could	
create	environmental	damage	with	 the	need	to	 remove	the	devices	periodically.	A	more	
detailed	study	on	WEC	anti-fouling	coatings	is	required.	

● Foul	release	coatings,	free	from	biocides	depend	upon	their	ultra-smooth	surface	and	low	
adhesion	 preventing	 biofouling.	 This	 technology	 is	 unproven	 for	WEC	 in	 the	 long	 term,	
particularly	as	water	velocities	may	not	be	sufficient	to	dislodge	any	biofouling	that	does	
form.	 A	 more	 detailed	 study	 is	 required.	 Ecospeed	 is	 a	 one-time	 application,	 hull	
protective	 coating	 that	 could	 be	 investigated	 due	 to	 its	 non-toxic	 and	 environmentally	
benign	properties.	

● Ultra-sonic	fouling	deterrence	is	at	an	early	development	stage	with	an	uncertain	efficacy	
and	its	marine	environment	impact	poorly	understood.		
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● Mechanical	in-sea	cleaning	devices	have	been	designed	for	fouling	removal,	e.g.	remotely	
operated	 underwater	 vehicles	 (ROVs).	 The	 capture	 of	 effluent	 is	 key	 in	 hull	 cleaning	 to	
store	 invasive	 species	 for	 vessels,	 this	 however	would	 not	 apply	 to	 fixed	 devices.	 These	
technologies	could	be	investigated	further.	

● UV	degradation	of	coating	systems	employs	marine	coatings	with	three	 layers;	substrate	
primer,	 thick	epoxy	 layer	 for	adhesion/water	 resistance	and	a	polyurethane	 top	coat	 for	
weathering	resistance.	These	are	widely	available	commercially.	

● Elastomer	 and	 polymer	 marine	 degradation	 requires	 full	 validation	 given	 identified	
breakdown	mechanism	prior	to	use	in	WECs	to	guarantee	lifetime	performance	[87].	
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Figure	18	–	Innovative	table	of	solutions	shortlisting	for	novel	materials	study	[81]	
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Figure	19	–	Potential	solutions	on	an	impact	versus	risk	chart	[81]	

The	 landscaping	 study	 decided	 to	 focus	 more	 attention	 on	 innovative	 materials.	 The	 following	
material	technology	solutions	were	selected	as	the	least	risky,	highest	reward	candidates	for	WEC	
cost	 reduction	 and	 performance	 improvement	 from	 this	 study.	 Only	 the	 relevant	 research	
technologies	to	NeSSIE	have	been	described:	
● Polymer/Composite	 hybrids	 using	 rotational	 moulding	 -	 Large	 hollow	 polymer	 structures	

such	as	floats,	buoys	and	tanks	using	polyethylene/polypropylene	are	inexpensive,	able	to	be	
rotomoulded	but	lack	mechanical	properties	to	resist	large	loads	in	marine	environment	(Table	
16,	 Annex	 I).	 Hybrid	 polymer/composite	 reinforcement	 around	 loading	 points	 using	 cost	
effective	 rotomoulding	 would	 be	 advantageous.	 Rotomoulded	 polyethylene	 hybrids	 are	
already	widely	used	 in	marine	and	aquaculture	 industries	 for	 lightly	 loaded	components,	but	
for	heavy	loading	no	examples	exist	except	a	Total	oil	and	gas	hybrid	example	[87].	If	proven	
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however,	they	could	provide	a	60%	saving	in	CAPEX	spend.	 
● Adhesive	bonding	of	composites	-	Composites	are	used	for	OFW	turbines	and	widely	in	oil	and	

gas,	 and	maritime	 industries,	 but	 limited	 in	WEC	 devices.	 Advantages	 of	 strength,	 stiffness,	
weight	and	corrosion	resistance	are	well	recognised.	For	WEC’s	modular	components,	this	will	
mean	 composite	 joining	 to	 other	 materials	 and	 different	 exposure	 zones	 per	 component.	
Studies	 determined	 a	 high	 degree	 of	 reservation	 utilising	 composite	 joints	 for	 load	 bearing	
structures	within	submerged	environments.	The	use	of	adhesive	bonding	is	a	common	use	in	
OFW	 (with	 no	 direct	 water	 contact)	 and	 TECs	 (direct	 water	 contact)	 with	 DNV-GL	 bonding	
guidelines	 in	 place.	 There	 exist	 few	 fatigue	 studies	 with	 adhesive	 bonding	 in	 WECs	 which	
experience	 a	 different	 loading/fatigue	 profile	 to	 tidal	 or	 OFW.	 The	 Warwick	 University	
‘DURACOMP’	program	aims	to	address	concerns	on	durability	of	composites	in	the	long	term	
and	is	underway. 

● Concrete	structures	-	Reinforced	concrete	provides	a	building	material	with	compressive	and	
tensile	 load	 carrying	 properties.	 Durability	 of	 reinforced	 concrete	 structures	 depends	 upon	
protecting	 the	 reinforced	 steel	 from	 corrosion,	 i.e.	 the	 thickness	 of	 concrete	 cover	 and	 its	
permeability.	 Advances	 in	 concrete	 design	 include	 high	 performance/strength	 versions,	 pre-
stressed	 concretes	 and	various	 types	of	 concrete	 reinforcements,	 such	as	non-corrosive	 FRP	
rods	and	fibres.	Well	established	concrete	technologies	could	be	applied	to	WEC	massive	static	
structures	directly,	however	for	buoyant	dynamic	structures	the	various	WEC	load	exposures	
require	 further	 investigation.	 The	 previously	 mentioned	 Pelamis	 device	 study	 indicated	 a	
possible	20%	reduction	 in	material	 cost	using	concrete	 [80],	with	greater	 savings	 for	 smaller	
modular	units	potentially. 

● Adhesive	bonding	of	steel	 -	Steel	marine	structures	are	predominantly	welded	together,	but	
there	 is	a	growing	 interest	 in	other	 industries’	using	adhesives	to	give	more	design	freedom,	
eliminate	 crevice	 corrosion,	 reduce	 fabrication	 costs	 and	 improve	 fatigue	 resistance.	
Certification	authorities	 are	 taking	a	 cautious	approach	 to	adhesive	bonding	 in	 shipping	and	
there	is	no	evidence	of	adhesive	bondings	in	direct	contact	to	seawater,	the	existing	adhesive	
bonding	 research	 for	 dry	 use	 is	 mainly	 on	 aluminium	 and	 composites.	 Using	 this	 type	 of	
bonding	on	the	dry	side	of	WEC	devices	is	less	problematic.		 

● Polymers/Composites	and	steel	hybrids	 -	Principal	advantages	of	 reduced	weight,	 improved	
corrosion	 resistance	 and	 reduced	 installation	 costs	 mean	 developers	 predict	 WECs	 would	
ultimately	 be	 a	 mixture	 of	 steel	 and	 polymer/composites.	 The	 main	 improvement	 areas	
considered	 are	 joining	 technologies,	 composite	 connections,	 load	 bearing	 of	
polymers/composites	 and	 composites	 to	 increase	 steel	 load	 bearing	 capacity.	 Research	
requirements	exist	to	better	understand	material	design	limits	as	well	as	marine	environment	
exposure	 to	 steel	 backbone-polymer/composite	 structures	 for	 WEC	 devices	 using	 high	
production	rate	joining	techniques	via	a	design	and	optimisation	strategy.	 

● Elastomers	–	Composite	blended	natural	rubbers	to	enhance	UV	resistance	and	poor	fatigue	
properties	 are	 required	 in	 the	 marine	 environment.	 Elastomers	 are	 polymers	 with	 a	 low	
modulus	 and	 high	 elastic	 strain	 range	 (rubbers/thermoset	 elastomers).	 Rubbers	 are	 widely	
used	 in	 the	automotive	and	marine	sectors	already.	The	AWS-III	point	absorber	WEC	utilises	
rubber	 diaphragms	 covering	 air-filled	 cells	 as	 the	 primary	 wave	 absorber	 mover,	 with	 the	
laboratory	scaled	test	devices	having	encountered	fatigue	problems	during	testing.	 
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Several	materials	research	projects	were	then	taken	forward	by	Wave	Energy	Scotland.	The	former	
WEC	 competitive	 procurement	 programme,	 with	 the	 following	 structural	 materials	 and	
manufacturing	processes	have	been	undertaken	by	 consortia	with	a	 range	of	 research	 institutes	
and	private	companies,	and	are	ongoing	since	January	2017	[51]: 
● Advanced	concrete	engineering;		
● Advanced	rotational	moulding	for	ocean	renewables	(ARMOR);	
● Advanced	rotational	moulding	for	wave	energy	technology	(ARMWET);	
● Netbuoy	(buoyant	modules	made	from	impermeable	fabrics	and	fibre	ropes);	
● Concrete	as	a	technology	enabler	(CREATE);	
● ELASTO	(fabric/elastomer	structures	for	WECs);	
● Hydrocomp	(hybrid	fibre	reinforced	polymers	applied	to	a	WEC	prime	mover);	
● Polyshell	 (high	 performance	 polymers/thermoplastic	 elastomers	 replacing	 steel	 WEC	

structures);	
● RePOWER	(reinforced	polymers	as	a	prime	mover	in	wave	power);	
● RotoHybrid	(use	of	rotational	moulded	polymers	in	hybrid	structures).	

	

5.3. Aquamarine	Oyster	testing	materials	and	corrosion	lessons	learned	[82]	[83]	[84]	

A	 few	 knowledge-sharing	 reports	 completed	 by	Aquamarine	 for	 the	wave	 energy	 industry,	with	
the	 aim	 of	 realising	 cost	 and	 time	 efficiencies	 across	 the	 sector,	 have	 been	 made	 available	 by	
Wave	 Energy	 Scotland.	 Aquamarine	 has	 accumulated	 knowledge	 through	 its	 design,	 fabrication,	
installation	 and	 operation	 of	 its	 Oyster	 1/Oyster	 800	 WEC	 prototype	 devices.	 Corrosion	 and	
protection	in	the	disturbed	water	environment	was	one	of	these	reports,	which	utilised	standard	
off	the	shelf	components	and	materials.	A	summary	of	this	report’s	lessons	include:	
● A	combination	of	passive	sacrificial	CP,	surface	coatings	and	corrosion	allowance	can	provide	

cost	effective	means	of	protecting	steel	alloy	marine	energy	devices.	
● High	 strength	 steel	 components	 require	 electrical	 isolation	which	 can	be	difficult	 to	 achieve	

offshore.	
● Designing	of	dissimilar	materials	in	close	proximity	can	be	prone	to	galvanic	corrosion.	Select	

materials	with	low	electrical	differences	if	unavoidable.		
● Smaller	local	components	can	utilise	corrosion	resistant	alloys	where	CP	is	not	reliable,	i.e.	the	

splash	 zone	where	higher	 levels	 of	 corrosion	may	exist.	 Stainless	 steel	 316	was	observed	 to	
have	 a	 better	 performance	 in	 the	 splash	 zone,	 potentially	 avoiding	 the	 need	 for	 expensive	
corrosion	resistant	alloys.		

● Do	not	rely	on	CP	to	protect	seals.	Locally	protect	these	with	corrosion	resistant	alloys.	Carbon	
steel	pipes	coated	with	three	layers	of	polypropylene,	with	a	HDPE	liner	to	protect	against	high	
salinity	levels	and	corrosion	resistant	alloy	end	fittings	for	long	pipe	protection	along	with	CP	
protection	were	considered	cost	effective	over	20	years.	The	high-pressure	return	line	to	shore	
which	is	a	critical	component	and	a	permanent	installation	is	an	example.		

● The	wide	 variety	of	pipeline	 flange	and	gasket	 seal	 combinations	 requires	different	material	
combinations	to	ensure	leak	resistant.	Dissimilar	flange	metals	can	localise	corrosion.	Stainless	
steel	316	 is	 susceptible	 to	crevice	corrosion.	Metallic	 flanges	 (carbon/duplex	 steel)	and	non-
metallic	 (HDPE/GRE)	 are	 used,	 CP	 failed	 to	 protect	 the	 spiral	 wound	metal	 gasket	 between	
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non-metallic	flanges.	
● Anodes	should	be	placed	on	discrete	parts,	and	not	rely	on	electrically	continual	components	

and	assemblies.	Individual	components	on	the	main	structure	were	found	to	be	corroded	due	
to	inadvertent	isolation	from	the	CP	system.		

● A	bathycorrometer	can	be	used	to	reliably	survey	CP	systems.	
	
Aquamarine,	like	OFW	developers	referred	to	earlier	in	this	report,	segmented	the	water	column	
into	five	main	areas,	simplifying	the	standard	DNV-OS-C101;	e.g.	submerged,	atmospheric,	splash,	
dry	 internal	 and	wet	 internal	 zones.	 The	 company	 utilised	 standard	DNV-RP-B401	 for	 CP	 design	
requirements	in	the	submerged	zone.	Coating	systems	supplemented	CP	and	used	standards	DNV-
OS-C101,	DNV-OS-C401	and	Norsok	M-501	–	taking	from	the	latter	various	recommended	coating	
systems	 for	 different	 zones.	 Where	 CP	 was	 deemed	 unreliable,	 a	 corrosion	 allowance	 was	
designed	for	structural	zonation.	
	
Aquamarine	 also	 learned	 a	 number	 of	 valuable	 lessons	 from	 its	 interaction	with	marine	 supply	
chains:	
● The	supply	of	materials	labelled	‘subsea	rated’	should	not	be	taken	at	face	value	with	regards	

to	corrosion.	Recommended	Norsok-M501	best	practices	on	all	supplied	components	needs	to	
be	verified.	

● Metal	 shelled	 connectors	 have	 proven	 themselves	 to	 be	 reliable	 subsea	 connectors	 for	 the	
nearshore	 environment.	 Almost	 half	 of	 reported	 instrumentation	 failures	 were	 due	 to	 the	
sealing	failure	of	rubber	moulded	wet	mate	connectors	–	marketed	as	subsea	components.	

● Standardisation	of	communications	protocols	across	 the	system	provides	 the	best	option	 for	
improved	reliability	and	scalability	of	control	and	instrumentation.	

● Stainless	steel	316	is	not	suitable	as	a	reliable	corrosion	resistant	alloy	in	seawater	without	CP.	
● WEC	 subsea	 cable	 design	 and	 manufacture	 required	 suitable	 design	 consultations	 with	

manufacturers,	 and	 the	 definition	 of	 a	 number	 of	 relevant	 criteria.	 Different	 environments	
require	 different	 subsea	 cables,	 hence	 standard	 subsea	 cables	 were	 not	 available	 ‘off	 the	
shelf’.		

● A	general	awareness	of	hydrogen	induced	stress	corrosion	is	required	between	company	and	
suppliers,	with	a	high	and	low	tolerance	specified	for	material	grades.	

● Appropriate	 selection	 of	 a	 valve	 supplier	with	 nearshore	 experience	 and	 a	 thorough	 factory	
acceptance	test	(FAT)	procedure	is	required.	
	

5.4. ReDAPT	DEEP-Gen	IV	tidal	turbine	anti-fouling	study	lessons	learnt	[43]	

The	ETI’s	ReDAPT	(reliable	data	acquisition	platform	for	tidal)	project	saw	the	DEEP-Gen	IV	Alstom	
tidal	turbine	(Figure	20)	undergo	full-scale	testing	at	EMEC	for	two	years,	starting	January	2013,	to	
demonstrate	performance	within	an	operational	environment.	
	
One	 aspect	 of	 this	 study	 was	 looking	 at	 anti-biofouling	 management	 systems.	 This	 involved	
defining	 an	 anti-fouling	 protocol	 for	marine	 devices	 through	 anti-biofouling	 in-sea	 testing	 and	 a	
result	analysis	using	the	following	steps:	
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● Experimental	design	(safety,	statistical	representation,	etc.);	
● Fouling	potential	characterisation	on	site;	
● Lead	 coating	 products	 identification	 and	 performance	 assessment	 (earlier	 Figure	 13),	

applicable	to	different	components,	materials	and	budgets;	
● Deployed	test	panels	for	2-year	study	(on	separate	seabed	pods	and	the	turbine	itself);	
● Post	testing	optimal	protocol	development	and	coating	selection.	
	
The	 submerged	 test	 results	 showed	 significant	 roughness	 caused	 by	 biofouling	 potential	 with	 a	
severe	hydrodynamic	drag	penalty	likely	on	the	turbine	blades.	Untreated	marine	grade	stainless	
steel	(316)	was	found	to	have	corrosion	pitting	and	holes	through	it,	approximating	a	3-5mm	loss	
per	 year.	 Niche	 areas	 essential	 for	monitoring	 and	 recovery	 became	 biofouled	 after	 only	 a	 few	
months.	
	
The	painted	test	pod	panels	and	various	turbine	recoveries	showed	varying	degrees	of	anti-fouling	
(Figure	21):	
● Fouling	 Release	 Coatings	 (FRCs)	 performed	 well	 until	 mechanical	 damage	 occurred,	 hence	

could	be	good	for	niche	area	protection;	
● Hard	 epoxy	 coatings	 fouled	 readily,	 but	 can	 be	 cleaned	 and	 resist	 corrosion	 damage	 to	 the	

substrate;	
● Hard	biocidal	self-polishing	copolymers	(SPCs)	performed	best	overall	but	longevity	could	not	

be	confirmed.	These	coatings	are	designed	for	five-year	maritime	vessel	inspection	life	cycles,	
and	not	the	seven	years	design	recovery	for	tidal	devices;	

● There	 was	 no	 single	 coating	 that	 would	 protect	 all	 materials/components,	 thus	 requiring	 a	
designed	coating	application	guide	for	the	device;		

● Higher	fouling	concentrations	were	found	in	sheltered/intricate	areas;	
● Biofouling	removal	on	device	recovery	should	occur	<4	days	after	recovery	to	ease	jet	cleaning	

prior	to	biofouling	drying	out	and	hardening.	
	
The	report	drew	the	overarching	conclusion	that	biofouling	damage	needs	consideration	at	project	
design	 stage	 in	 order	 to	 de-risk	 equipment	 maintenance	 planning,	 with	 a	 coating	 selection	
protocol	 and	 attention	 paid	 to	 key	 niche	 monitoring	 and	 installation/recovery	 areas.	 Coating	
testing	periods	 require	 synchronisation	with	 the	 turbines	 testing	 intervals.	An	additional	 area	of	
future	study	could	be	combined	active	(Ultrasonic,	UV,	Electro-chlorination)	and	passive	coating.	
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Figure	20	–	ALSTOM	tidal	turbine	DEEP-Gen	IV	EMEC	testing	programme	for	ReDAPT	[43]	

 
Figure	21	–	2	years	coating	panel	recovery	results	(Primacon	control	coating)	[43]	

5.5. Ocean	energy	development	in	Japan,	Tidal	Project	in	Nagasaki	[85]	

This	 study	 was	 important	 in	 understanding	 the	 speed	 of	 biofouling	 buildup	 and	 inference	 of	
performance	 effects	 on	 a	 tidal	 power	 turbine.	 A	 number	 of	 different	 offshore	 technologies	 are	
actively	 being	 researched	 around	 Japan’s	 Kyushu	 Island	 by	 Kyushu	 University	 and	 a	 number	 of	
private	 industrial	 companies.	 The	 Naru	 Sound	 Straits	 have	 been	 identified	 as	 an	 area	 of	 high	
potential	resource	for	tidal	energy	stream	devices.	Biofouling	effects	were	investigated	as	part	of	
the	 research	 by	 immersing	 a	 steel	 test	 rig,	 with	 and	 without	 rotation	 components,	 using	 an	
identified	maritime	protection	paint.	Figure	22	shows	the	biofouling	build-up	over	an	eight-month	
period.	With	no	protective	paint,	 the	biofouling	accumulation	hinders	 the	 test	 rig’s	performance	
markedly,	 and	 even	 with	 protective	 paint	 the	 device’s	 performance	 over	 a	 short	 space	 of	 its	
operational	lifetime	will	be	compromised,	given	these	test	results.	
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Figure	22	–	Bio-fouling	build	up	on	a	Japanese	test	rig	in	the	Naru	Sound	Straits	[85]	
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6. NSB	economic	potential	of	anti-corrosion	solutions	

	
Previous	 report	 sections	have	highlighted	 the	 issue	of	offshore	 corrosion	as	 regards	a	 variety	of	
infrastructure	 materials	 submerged	 in	 seawater,	 as	 well	 as	 solutions	 currently	 employed	 and	
undergoing	 research	 to	 combat	 corrosion.	 A	 range	 of	 organisational	 corrosion	 solution	
stakeholders	 in	 the	NSB	 region	were	categorised	according	 to	 their	position	within	defined	anti-
corrosion	 supply	 value	 chains.	 In	 addition,	 potential	 NeSSIE	 demonstration	 partners	 were	
identified,	 including	developers	and	 their	projects,	as	well	as	corrosion	solution	private	 vendors,	
research	projects	and	test	facilitators.	Now	the	issue	of	corrosion	and	key	stakeholders	in	the	NSB	
offshore	 sector	 today	 is	 better	 understood,	 an	 estimation	 of	 the	 economic	 saving	 and	 prize	
available	 in	employing	anti-corrosion	 solutions	 to	NSB	based	offshore	marine	 renewable	 sectors	
can	be	estimated.	

Literature	searches	on	the	actual	cost	of	corrosion	to	existing	offshore	 industries	reveal	very	
little	publicly-available	hard	data	upon	which	to	base	estimates.	In	2002	a	federally-initiated	study	
in	 the	 USA	 attempted	 to	 estimate	 cross-sector	 corrosion	 related	 costs	 [88].	 Direct	 corrosion	
related	 costs	 (ignoring	 reliability/labour	 losses)	 estimated	 that	 anti-corrosion	 methods	 and	
services	 (resistant	 alloys,	 cathodic	 protection	 etc.)	 were	 worth	 $121	 billion	 annually	 to	 the	

Key messages 
This	study	provides	a	wide	range	of	developer	savings	and	vendor	prize	values	with	the	introduction	of	anti-corrosion	solutions	
compared	 to	 the	 BAU	 case.	 This	 is	 based	 on	 the	 assumptions	 of	 cost	 reductions	 and	 additional	 cost	 with	 the	 solutions	
implementation	and	on	projected	installed	capacity	from	literature	research.		
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economy,	and	when	analysing	26	industry	sectors	the	direct	costs	were	estimated	at	$138	billion	
annually.	 The	oil	 and	gas	 sector	 (which	 included	onshore	 costs)	 and	 ‘ships/maritime’	 sector,	 the	
closest	 analogies	 to	 offshore	 marine	 renewables,	 incurred	 an	 estimated	 $2.7	 billion	 and	 $1.4	
billion	respectively	annually	because	of	direct	corrosion	controls.	The	NACE	 in	2016	conducted	a	
study	 called	 IMPACT	 to	 assess	 the	 cost-of-corrosion	 globally	 -	whilst	 noting	 a	 lack	 of	 consistent	
calculation	methods,	they	estimated	that	by	using	available	corrosion	control	practices	savings	of	
between	15-35%	could	be	realised	[89],	or	$375-$875	billion	globally	on	an	annual	basis.	Through	
near	misses,	 forced	 shutdowns,	 accidents,	 etc.,	 industries	 have	 realised	 that	 a	 lack	 of	 corrosion	
management	 can	 be	 very	 costly.	 What	 is	 apparent	 is	 that	 the	 savings	 to	 offshore	 renewables	
developers	and	the	opportunity	 for	vendors	of	applying	corrosion	control	are	also	 important.	An	
estimation	of	this	value	is	attempted	and	explained	in	the	following	sections.	

6.1. Anti-corrosion	solutions’	key	offshore	technology	impacts	

Direct	corrosion	solutions	(DCSs)	and	new	materials	(NMs)	logically	will	have	varying	cost	impacts	
on	a	project's	CAPEX,	OPEX,	and	performance	for	different	offshore	technologies.	It	was	necessary	
to	simplify	 the	calculations	 into	 three	scenarios;	Scenario	1	 (New	materials	 including	 fabrication,	
manufacturing	 and	 assembly),	 Scenario	 2	 (Direct	 corrosion	 solutions	without	 in-	 or	 decrease	 of	
CAPEX	of	BAU),	and	Scenario	3	(Direct	corrosion	solutions	with	10%	increase	in	CAPEX)	–	Figure	23.	
It	was	assumed	illogical	for	an	offshore	project	to	apply	NMs	and	DCSs	at	once,	hence	they	have	
not	been	combined	and	form	separate	estimations.	

 
Figure	23	–	Corrosion	solution	scenario	economic	model	simplification	

DCSs	assume	an	adaptive	technology	or	service	is	added	to	the	existing	primary	device	material,	to	
decrease	 initial	 CAPEX	 expenditures	 with	 the	 hope	 of	 reducing	 future	 OPEX	 spend.	 In	 contrast,	
employing	a	NM	replaces	the	primary	device	material	to	improve	anti-corrosion	resistance,	whilst	
also	 offering	 a	 decrease	 in	 device	 CAPEX	 and	 with	 the	 anticipation	 of	 reducing	 future	 OPEX	
expenditures	 –	 100%	 displacement	 of	 the	 original	 device’s	 material,	 fabrication,	 manufacturing	
and	 assembly	 has	 been	 assumed.	 Both	 modifications	 will	 have	 direct	 device	 performance	
improvements	for	wave	and	tidal	devices,	whose	prime	movers	are	located	at,	or	below	sea	level	
corrosion	zones.	Wind	device	turbines	assumed	no	performance	improvement,	since	turbines	are	
above	typical	corrosion	zones.	

Maintaining	or	even	improving	a	device’s	assumed	design	performance	is	important	to	the	
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technology	 calculated	 LCOE,	 as	 well	 as	 delivering	 on	 promised	 project	 electricity	 generation	
targets.	Quantified	impacts	of	applying	corrosion	solutions	on	offshore	marine	devices’	availability	
and	 reliability	 are	 not	 publicly	 available.	 There	 does,	 however,	 exist	 research	 on	 the	 impacts	 of	
marine	 fouling	 and	 corrosion	 effects	 on	 maritime	 vessel	 shaft	 powers	 and	 speeds	 through	
frictional	surface	changes.	In	this	study,	velocity	dependent,	fouling	impacts	reduced	shaft	powers	
by	4%-59%,	and	vessel	speeds	by	0.9%-10.7%	for	a	range	of	biofouling	intensities	[90].	This	same	
study	 was	 cited	 in	 a	 modelling	 paper	 attempting	 to	 calculate	 the	 decrease	 in	 a	 typical	 tidal	
turbine’s	 efficiency	 caused	 by	 the	 build-up	 of	 surface	 biofouling,	 with	 an	 average	 4.5%	 drop	 in	
efficiency	 annually	 due	 to	 ‘thick	 slime’	 (coating	 2)	 simulated	 (Figure	 24)	 [8].	 Vessel	 speed	 and	
hence	 drag	 are	 loosely	 analogous	 to	 immersed	 water	 motion	 operated	 tidal	 turbines	 or	 WEC	
device	power	generation	–	hence	it’s	simply	assumed	in	this	study	that	applying	an	anti-corrosion	
solution	to	the	devices	will	fully	mitigate	biofouling	or	corrosion-related	drag	increases	over	their	
lifetime.	For	wind	devices	not	immersed	in	seawater,	no	direct	performance	advantage	is	assumed	
to	be	gained	from	employing	corrosion	solutions,	only	reduced	CAPEX	and	OPEX	expenditures.	

	

 
Figure	24	–	Simulated	power	loss	over	5	years	due	to	progressive	fouling	[8]	

6.2. Key	economic	modelling	assumptions	

Estimate	boundary	conditions	 for	 the	economic	modelling	were	based	on	 logical	and	simplifying	
assumptions,	which	are	transparently	described	here	for	third	party	repeatability	and	displayed	in	
Table	 3.By	 referring	 to	 this	 report’s	 references,	 it	 should	 be	 remembered	 that	 the	 publicly	
available	data	on	CAPEX	and	OPEX	from	reports,	which	this	report	utilises,	was	in	itself	often	based	
on	sets	of	unique,	and	sometimes	complex	assumptions.	In	order	to	refrain	from	an	over-reliance			
upon	 the	 results	 of	 a	 single	 report,	 a	 process	 of	 validation	 through	 cross-referencing	 across	
different	sources		has	been	employed	for	all	numbers	calculated	where	possible,	and	high	and	low	
values	for	costings	used	to	create	a	range	of	uncertainty.		
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Table	3	–	Listing	of	key	study	assumptions	used	for	the	economic	estimation	calculations	

6.3. Economic	estimation	methodology	

The	cross-industrial	 integration	of	existing	NM	and	DCS	value	chains	 into	the	offshore	renewable	
energy	generation	sector	will	have	a	wide	range	of	financial,	as	well	as	socio-economic	benefits	to	
a	wide	range	of	stakeholders.	This	economic	estimate	focuses	only	on	the	direct	financial	benefit	
to	 developers	 and	private	 vendors	 in	 employing	 these	 solutions	 to	 reduce	 the	CAPEX	 and	OPEX	
costs,	and	maintaining	operational	device	performance	levels	of	offshore	renewable	devices	as	the	
optimal	 way	 to	 measure	 their	 economic	 impact.	 The	 LCOE	 impact	 is	 calculated	 for	 each	
technology,	 allowing	 developers	 to	 observe	 corrosion	 solutions’	 potential	 project	 performance	
impacts.	 There	 is	 minimal	 quantified	 data	 available	 from	 either	 existing	 or	 immature	 offshore	
industries	with	which	to	compare	estimated	results.		
	 The	 calculation	 method	 follows	 the	 flow	 diagram	 illustrated	 in	 Figure	 25.	 At	 the	 most	
simplistic	 level	 -	 a	 benchmark	 business	 as	 usual	 (BAU)	 case	 has	 been	 researched	 (left	 side	 of	
diagram),	and	then	compared	to	calculated	scenarios	1,	2	and	3,	which	employ	NM	and	DCS	(0%	
CAPEX	increase)	and	DCS	(10%	CAPEX	increase)	respectively	(right	side	of	diagram).	BAU	data	was	
exclusively	obtained	using	UK-based	reports,	simply	because	they	represented	the	most	extensive	
publicly	 available	 hard	 data	 sets	 available	 –	 it	 is	 assumed	 these	 same	 costs	 per	 technology	 are	
echoed	 elsewhere	 in	 the	 EU.	 The	 result	 of	 the	 comparison	 is	 a	 technology	 specific	 ‘delta’	 value	
difference	between	the	BAU	status	quo	technology	CAPEX	per	MW,	OPEX	per	annum	MW	(termed	
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Original	CAPEX/OPEX)	and	LCOE	£/MWh	metrics,	and	the	post	new	corrosion	solutions	scenarios.	
This	 ‘delta’	 value	 is	 then	 projected	 into	 the	 future	 using	 resource	 specific	 capacity	 offshore	
renewable	 projections,	 with	 values	 then	 discounted	 to	 Net	 Present	 Values	 (NPV)	 in	 Billions	 of	
nominal	 British	 pounds	 tied	 to	 2017	 for	 each	 scenario	 at	 different	 points	 in	 time	
(2020/2030/2050).	 High	 and	 low	 ranges	 for	 benchmark	 metrics	 allowed	 the	 incorporation	 of	 a	
range	of	uncertainty	on	the	most	likely	‘mid’	case	results.	The	‘delta’	differences	were	calculated	
from	 a	 developer	 CAPEX	 and	 OPEX	 saving	 perspective,	 and	 vendor	 CAPEX	 prize	 perspective	 to	
appeal	project	NeSSIE	demonstrations	to	both	parties.	

All	 utilised	 capacity	 projection	 data	 assumed	 a	medium	 available	 technical	 resource	 for	
wave,	tidal	and	wind	energies	-	this	is	a	key	factor	in	positioning	the	economic	evaluation	within	a	
realistic	 technical	and	spatially	 representative	 frame	 in	 the	UK	and	wider	EU.	 It	 should	be	noted	
however	 that	 less-reported	data	 and	 reasoning	 existed	 for	 cumulative	projected	 European	wide	
targets.	
	

 
Figure	25	–	NeSSIE	corrosion	and	novel	materials	economic	modelling	workflow		

6.4. Key	impacts	of	ACS	on	different	offshore	energy	devices	

The	 calculation	 of	 CAPEX	 and	 OPEX	 savings,	 and	 possible	 performance	 level	 sustainability	 by	
employing	 anti-corrosion	 solutions	 focused	 on	 several	 key	 statements	 unearthed	 from	 across	
industry	 literature	 reviews	 (as	 noted	 earlier	 there	 is	 very	 limited	 hard	 data	 applicable	 and	
available):	
● Oil	 and	 gas	 industry:	 “Preventative	 Capital	 expenditure	 because	 of	 corrosion	 in	 North	 Sea	

projects	undertaken	by	BP	in	1980's	averaged	8%	of	total	project	CAPEX”	[91]. 
● Oil	 and	 gas	 industry:	 “In	 1988,	 25-33%	 planned/unplanned	 maintenance	 costs	 of	 BPs	 UK	

continental	 shelf	 oilfields	 were	 corrosion	 related”.	 In	 addition,	 “54%	 of	 corrosion	 related	
failures	 in	 the	 Petroleum	 industry	 are	 caused	by	 non-CO2	 and	H2S	 related	 issues”	 (Table	 4)	
[91].	 By	 removing	 the	 toxic	 substance	 related	 corrosion	 failures,	 18%	 of	 all	 annual	
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maintenance	costs	can	be	attributed	to	corrosion.	 
● Offshore	 renewables	 industry:	 A	 Wave	 Energy	 Scotland	 materials	 landscaping	 study	 [81]	

estimated	that	if	various	novel	materials	were	to	replace	conventional	steels	in	WEC	devices,	
an	approximate	CAPEX	saving	between	15%	to	50%,	with	an	average	of	30%	 could	be	made	
(Table	 5).	 Considering	 the	 different	 materials’	 applications	 for	 wave,	 tidal	 and	 wind,	 the	
average	estimated	CAPEX	savings	are	33%,	30%	and	26%	respectively. 

● Offshore	 renewables	 industry:	 A	 main	 body	 structural	 design	 and	materials	 selection	 study	
conducted	by	Pelamis	for	their	WEC	in	2003	identified	‘thinner	coated	steel’,	 ‘post	tensioned	
concrete’	 and	 ‘glass	 reinforced	 plastics’	 as	 an	 alternative	 main	 structure	 and	 prime	 mover	
(SPM)	material	 saving	between	20%	to	50%	on	 the	original	material	 costs.	The	 thinner	 steel	
material	with	an	epoxy	coating	solution	highlighted	that	28.5%	of	the	total	cost	of	this	solution	
was	from	the	coating	alone	[80]. 

● Maritime	industry:	“Vessel	performance	reduction	because	of	bio-fouling	was	estimated	as	a	
percentage	of	original	vessel	speed	for	different	levels	of	biofouling	by	Schultz	[90]	(Table	6).	
Although	 vessel	 speed	 dependent,	 it	 was	 found	 that	 the	 highest	 level	 of	 bio-fouling	 could	
reduce	speed	by	up	to	11%.	Yebra	et	al.	in	2010	made	use	of	this	study	to	determine	average	
coating	 tidal	 turbine	 efficiency	 drops	 (earlier	 Figure	 23)	 over	 five-year	 turbine	 cleaning	 time	
periods	–	an	annual	average	4.5%	performance	reduction	was	estimated	[8]”. 

 
Table	4	–	Causes	of	offshore	Petroleum	related	industry	failures	[91]	
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Table	5	–	WES	new	materials	landscaping	study	for	WEC	overall	average	anticipated	cost	reduction	of	30%	of	
total	original	CAPEX,	applicable	to	wave	an	average	of	33%,	to	tidal	30%	and	to	offshore	wind	26%	[81]	

 
Table	6	–	Vessel	performance	impact	caused	by	hull	bio-fouling	[90]	

From	 these	 statements,	 key	 quantifiable	 deterministic	 anti-corrosion	 solution	 cost	 impact	
percentages	were	used	to	calculate	scenario	1,	2	and	3	deltas.	In	reality	there	is	likely	to	be	a	range	
of	percentage	 impacts,	 for	example	the	BP	statement	above	 is	 representative	of	 the	early	 life	 in	
North	 Sea	 platform	 corrosion	mitigation	 in	 the	 1980s	 –	 the	 likely	 corrosion	 expenditures	 today	
given	the	ageing	of	offshore	structures	is	likely	to	be	far	higher.	This	uncertainty	is	assumed	to	be	
accounted	for	by	using	OPEX/CAPEX	ranges	–	it	is	however	recognised	as	a	key	limitation.		

It	 was	 first	 necessary	 to	 determine	 proportional	 impacts	 of	 the	 major	 statements	 on	
researched	original	CAPEX	and	OPEX	£/MW	costs.	For	the	three	scenarios,	the	reduced,	equal	or	
increased	CAPEX	costs	are	based	on	the	total	original	CAPEX	of	the	BAU	case.	This	percentage	of	
the	 original	 CAPEX	 forms	 an	 additional	 cost	 or	 cost	 savings	 for	 the	 developer.	 However,	 as	 the	
CAPEX	difference	data	was	original,	per-technology	total	CAPEX	that	included	non-technical	costs	
(management	fees),	the	value	to	the	vendors	–	assuming	a	100%	displacement	–	is	calculated	by	
eliminating	the	non-technical	aspects	of	the	CAPEX.	 In	addition,	NM	and	DCS	would	only	directly	
impact	 ‘material’	 parts	 of	 the	 devices,	 i.e.,	 the	 structure	 and	 prime	 Mover	 (SPM)/the	 turbine,	
foundation	and	mooring	systems	(F&M)	and	the	power	take	off	(PTO)	–	hence	original	CAPEX	data	
had	to	include	other	costs	for	installation,	operation	and	maintenance	(O&M),	whereas	connection	
costs	had	to	also	be	factored	in.		The	newly	obtained	CAPEX,	consisting	of	the	technical	elements	
and	the	directly	 impacted	components,	 is	referred	to	as	the	modified	CAPEX.	Similarly,	for	OPEX,	
not	all	OPEX	 is	 technical:	 some	relates	 to	rents,	 transmission	charges	and	 insurance	–	these	also	
required	 elimination,	 referred	 to	 as	 technical	 OPEX.	 The	 apportioning	 of	 technical	 percentages	
comes	 from	established	Carbon	Trust	TINA	reports	 [92]	 [64],	as	shown	 in	Figures	26,	27	and	28.	
These	percentage	costs	were	cross-referenced	with	other	reports	for	validity.	Figures	29	(CAPEX)	
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and	30	(OPEX)	illustrate	how	the	ACSs	for	the	scenarios,	and	for	each	technology	were	applied	to	
the	technical	CAPEX	and	OPEX	portions	of	the	data,	based	upon	the	previously	quoted	statements:	
● Scenario	1	–	NM:	

○ 33%,	 30%	 and	 26%	 of	 total	 original	 CAPEX	 saving	 for	 Developer	 wave,	 tidal	 and	
offshore	wind	respectively;	

○ 18%	technical	OPEX	saving	for	Developer;	
○ 33%,	 30%	 and	 26%	 of	 modified	 CAPEX	 for	 Vendor	 NM	 supply	 for	 wave,	 tidal	 and	

offshore	wind	respectively	(100%	displacement).	
● Scenario	2	–	DCS	(0%):	

○ 0%	of	total	original	CAPEX	difference	for	Developers	(thus	equal	to	the	BAU	CAPEX);	
○ 18%	technical	OPEX	saving	for	Developer;	
○ 28.5%	of	modified	CAPEX	for	Vendor	DCS	supply.	

● Scenario	3	–	DCS	(10%):	
○ 10%	of	modified	CAPEX	additional	cost	for	Developer;	
○ 18%	technical	OPEX	saving	for	Developer;	
○ 38.5%	of	modified	CAPEX	for	Vendor	DCS	supply.	

● For	all	scenarios:	
○ In	the	case	of	wave	and	tidal,	a	4.5%	annual	performance	reduction	factor	is	used	prior	

to	ACS	(thus	for	the	BAU	case).	
	

 
Figure	26	–	Wave	%	lifetime	costs	split:	technical	portions	impacted	by	ACS	[92]/	[93]	
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Figure	27	-	Tidal	%	lifetime	costs	split:	technical	portions	impacted	by	ACS	[92]/	[93]	
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Figure	28	–	Fixed/Floating	%	lifetime	cost	split:	technical	portions	impacted	by	ACS	[92]/	[94]	
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Figure	29	–	Scenario	1&2&3	modification	of	original	CAPEX	to	account	for	ACS	solution	
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Essentially	for	both	CAPEX	and	OPEX	ACS	impact	percentages,	eliminate	the	actual	effects	on	the	
technical	portion	of	each	cost	for	each	technology	acts	to	reduce	the	overall	percentage	impact	in	
real	terms	(as	shown	to	the	far	right	of	each	bar	graph	in	Figures	29	&	30).	
	

 
Figure	30	-	Scenario	1,	2	&	3	modification	of	original	OPEX	to	account	for	ACS	solution	

	
The	original	 CAPEX	and	OPEX	percentage	 impacts	were	 then	used	 to	determine	 the	ACS	 impact	
‘delta’	 in	£/MW	in	order	to	calculate	a	scenario	for	developer	savings	and	vendor	prizes	 into	the	
future	by	applying	them	to	a	projected	technology	capacity	increase	over	time	in	the	UK	and	wider	
EU.	The	same	‘delta’	ACS	impacts	were	applied	to	base	literature	LCOE	values	for	each	technology,	
along	with	the	performance	impact	of	bio-fouling	and	corrosion	factor.	

6.5. CAPEX	and	OPEX	ACS	delta	impacts	per	technology	

For	each	scenario,	using	 the	described	methodology	 the	 following	Figures	31	and	32	display	 the	
‘delta’	CAPEX	and	OPEX	impact	of	employing	new	ACS	technologies	for	each	resource	(wave,	tidal	
stream	-	 shallow	and	deep,	 fixed	wind	and	 floating	wind).	Resource	definitions	were	 taken	 from	
the	BAU	benchmark	reports	and	defined	as:	
● Wave:		

○ >30m	depth/20	years	life/3-7km	offshore/33%	LF/80%	Availability	
○ Status	-	Pre-commercial	

● Tidal	Stream	Shallow:		
○ <20m	depth/20	years	lf/MSP>2.5ms/4km	offshore/37%	LF/90%	Availability	
○ Status	-	Commercial	

● Tidal	Stream	Deep:	
○ >20m	depth/20	years	life/MSP>2.5ms/7km	offshore/37%	LF/90%	Availability	
○ Status	–	Pre-commercial	
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● Fixed	Wind:	
○ <50m	depth/20	years	life/45%	LF/95%	Availability	
○ Status	-	Commercial	

● Floating	Wind:	
○ >50m	depth/20	years	life/50%	LF/90%	Availability	
○ Status	-	Pre-commercial	

	
The	important	general	distinction	between	fixed	and	floating	wind	is	that	as	water	depths	deepen	
beyond	50m,	floating	wind	begins	to	become	cost	competitive	with	fixed	wind.	The	possibility	to	
disconnect	 and	 tow	 floating	wind	 for	 repair	 offers	 a	 35%-50%	OPEX	 cost	 saving	over	 fixed	wind	
[94],	as	well	as	accessing	stronger	winds	to	 improve	 load	factor	harnessing,	e.g.	Statoil’s	Hywind	
project.	 As	 previously	mentioned,	 no	performance	degradation	 factor	 has	 been	 applied	 to	wind	
devices,	only	wave	and	tidal	equal	to	4.5%	annually.	

In	the	following	Figures,	BAU	refers	to	the	benchmark	cost	data	taken	from	reports	[94]/	
[95]/	[96],	which	were	collected	either	directly	from	developer	surveys	or	as	part	of	the	detailed	
market	research	process.	In	each	case,	a	cross-referenced	report	has	been	incorporated	to	validate	
base	 data	 used	 [97]/	 [98]/	 [99].	 All	 cost	 data	 was	 corrected	 to	 2017	 terms	 using	 historical	 UK	
inflation.	Uncertainty	bars	were	placed	on	the	values	to	represent	high	and	low	ranges	detailed	in	
base	data	reports.		
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Figure	31	–	Scenario	1	CAPEX/OPEX	ACS	affects	all	resource	types	
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Figure	32	-	Scenario	2	CAPEX	and	OPEX	ACS	affects	all	resource	types	
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Figure	33	-	Scenario	3	CAPEX	and	OPEX	ACS	affects	all	resource	types	

Before	 final	 validation	 of	 these	 estimates,	 it	 is	 wise	 to	 check	 the	 calculated	 and	 reported	 cost	
impact	data	at	this	stage:	
● Absolute	wave	costs	quoted	by	Developers	are	consistently	more	optimistic	than	tidal	stream	

costs.	 The	 report	 used	 [95]	 stated	 recurring	 survey	 feedback	 that	 wave	 costs	 were	 more	
uncertain	given	its	more	immature	state	of	development	compared	to	tidal.	

● In	 all	 cases,	BAU	data	 inclusive	of	 error	bars	 falls	within	 cross-referenced	 values	 taken	 from	
different	reports.	This	provides	a	positive	‘sense	check’,	in	that	the	data	used	shows	a	degree	
of	overlap	between	different	vintage	reports.	It	is	unlikely	however	that	the	cost	values	used	in	
this	 report	 are	 accurate	beyond	2015,	 especially	 for	 faster	 developing	 commercial	 costs	 like	
fixed	wind.	

● As	indicated,	for	all	scenarios	the	OPEX	decreases	with	the	 introduction	of	ACSs.	Considering	
the	 £/MW	 CAPEX,	 with	 Scenario	 1	 the	 introduced	 ACS	 reduces	 CAPEX	 in	 all	 cases.	 With	
Scenario	2,	the	£/MW	CAPEX	of	the	solution	is	equal	to	the	BAU	case.	Lastly,	in	Scenario	3,	the	
£/MW	CAPEX	increases	compared	to	the	BAU	case.		

● As	expected,	scenario	1	NM	ACS	introduces	a	larger	developer	saving	than	scenario	2	DCS.	
	

6.6. LCOE	ACS	delta	impacts	per	technology	

In	 a	 similar	way	 to	 £/MW	CAPEX	 and	OPEX	BAU	 and	ACS	 costings,	 current	 technology	 levelised	
cost	 of	 electricity	 (LCOE)	 metrics	 were	 researched	 (same	 references	 as	 CAPEX/OPEX),	 and	 the	
impact	 of	 ACSs	 for	 the	 first	 and	 second	 scenarios	 estimated.	 This	 metric	 also	 allows	 for	 the	
integration	 of	 corrosion	 device/array	 performance	 impacts,	 which	 will	 be	 of	 use	 to	 developers	
assessing	the	importance	of	ACSs	in	reducing	their	project	costs.		

	The	method	 referenced	 the	most	up-to-date	and	 relevant	mid-case	BAU	benchmark	 LCOEs	
for	 each	 resource	 type,	 along	 with	 a	 high	 and	 low	 range	 to	 define	 uncertainty.	 A	 simple	 LCOE	
calculation	based	upon	the	assumptions	in	Table	7	was	then	used	to	mimic	the	referenced	LCOEs;	
one	 calculation	with,	 and	 one	without,	 the	 4.5%	 performance	 degradation	 factor	 for	 wave	 and	
tidal	devices	(Table	8).	A	well-modelled	approximation	of	BAU	LCOEs	within	defined	uncertainties	
was	 first	 achieved,	 then	 a	 degradation	 factor	 LCOE	 included.	 Introducing	 a	 new	ACS	 technology	
was	then	assumed	to	be	able	to	reduce	this	degradation	factor	to	0%	over	five-year	‘maintenance’	
intervals,	 sustaining	 baseline	 electrical	 generation,	 availabilities	 and	 reliabilities.	 Ultimately,	 an	
LCOE	ACS	impact	delta	was	calculated	for	each	resource	technology	in	each	scenario.	
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Table	7	–	Assumptions	used	for	BAU	LCOE	calculation	

 
Table	8	–	BAU	reference	and	calculated	LCOEs	with	degradation	and	ACS	impact	

Scenarios	1,	2	and	3	with	the	ACS	calculations	produced	the	‘delta’	results	seen	in	Figures	34,	35	
and	36.	All	 resource	 technologies	observed	a	 reduction	 in	 a	 developers’	 LCOE	when	 introducing	
new	ACS	technologies	through	a	combination	of	performance	improvements	and	cost	reductions.	
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Figure	34	–	Scenario	1	LCOE	impacts	on	introducing	new	ACS	technologies	
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Figure	35	–	Scenario	2	LCOE	impacts	on	introducing	new	ACS	technologies	
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Figure	36	–	Scenario	3	LCOE	impacts	on	introducing	new	ACS	technologies	

LCOE	improvements	in	wave	and	tidal	were	greater	than	for	wind,	given	the	positive	impact	new	
ACS	technologies	have	on	negating	device/array	performance	degradation	which	will	occur	once	
immersed	 in	seawater.	 LCOE	reductions	 for	 fixed	wind	 technologies	 reflect	 its	advanced	state	of	
commercialisation	 compared	 to	 the	 other	 technologies,	 whilst	 wave,	 at	 the	 other	 end	 of	 the	
commercialisation	spectrum,	displays	the	largest	ACS	impact.	

6.7. Projected	ACS	estimation	results	

New	 ACS	 technology	 Scenarios	 1	 and	 2	 were	 calculated	 for	 each	 resource	 to	 include	 ‘delta’	
difference	 impacts	 as	 shown	 in	 Tables	 9,	 10	 and	 11–	 the	 upper	 table	 shows	 developer	 ‘delta’	
savings	or	additional	cost	in	CAPEX	and	OPEX	£2017/MW	terms	–	depending	on	the	scenario.	The	
same	Table	(lower	section)	displays	the	starting	£2017/MW	original	CAPEX	values,	with	associated	
vendor	prize	percentages	used	to	calculate	a	value	to	the	vendor	in	delivering	ACS	technologies	to	
developers.	No	OPEX	prize	was	assumed	for	vendor	delivery	of	corrosion	monitoring	services,	as	
well	 as	 repair	 and	 assessment	 services	 because	 of	 the	 lack	 of	 publicly	 available	 hard	 data	 for	
Scenario	2.	For	Scenario	1,	including	an	OPEX	Vendor	price	was	illogical.	
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Table	9	–	Scenario	1	Developer	‘delta’	savings	and	vendor	value	starting	values	

 
Table	10	-	Scenario	2	Developer	‘delta’	savings	and	vendor	value	starting	values	

 
Table	11	-	Scenario	3	Developer	‘delta’	savings	and	vendor	value	starting	values	



Economic	opportunity	report	 	 Project	NeSSIE	

74 
 

To	convert	‘delta’	developer	savings	and	vendor	prize	value	into	a	2017	nominal	Net	Present	Value	
(NPV)	-	technology	installed	capacity	at	the	UK-level,	and	then	scaled	projections	for	the	wider	EU-
level,	were	required.	A	simplified,	conservative	10%	discount	value	was	universally	selected	for	the	
discount	 rate	 to	 reflect	 the	 breakthrough	 status	 of	 coupling	 established	 corrosion	 technologies	
with	emerging	offshore	renewable	technologies	–	in	reality,	a	lower	fixed	wind	discount	rate,	and	
higher	 discount	 rate	 for	 wave	 reflecting	 their	 relative	 maturities	 could	 be	 applied.	 All	 scenario	
calculations	were	subject	to	the	same	projection	multiplication.	
	
Installed	 capacity	 projections	 for	 the	 UK	 and	wider	 EU	were	 obtained	 from	 a	 range	 of	 publicly	
available	 literature	 sources,	 with	 cross-referenced	 and	 actual	 2017	 installed	 capacities	
incorporated.	The	following	capacity	projections	were	used:	
● UK	Wave/Tidal	capacity	to	2050:	ETI	Energy	System	Modelling	Environment	(ESME)	UK	market	

allocation	 projection	 [100],	 Figure	 37.	 The	projection	made	use	 of	UK	 fourth	 carbon	budget	
targets,	 DECC	 2050	 low	 carbon	 generation	 predictions	 and	 customised	 parameters	 that	
included	practical	resource	limits,	transmission	grid	limits,	decreasing	CAPEX	and	OPEX	profiles	
and	limits	on	capacity	build	outs.	This	was	the	most	complete	and	realistic	projection	available	
for	 wave	 and	 tidal,	 suggesting	 a	 combined	 15	 GW	 installed	 by	 2050,	 with	 cross-referenced	
studies	[95]	being	overly	optimistic	without	these	imposed	limits.	Because	the	projection	was	
for	 combined	 wave	 and	 tidal,	 build	 out	 proportion	 cost	 allocation	 per	 technology	 were	
determined	using	proportions	modelled	in	the	BAU-benchmark	Ernst	&	Young/Black	&	Veatch	
costs	study	for	wave	and	tidal	as	a	proxy	[95].	

	

 
Figure	37	–	ETI	ESME	MARKALL	wave	and	tidal	capacity	projections	for	UK	[100]	

● UK	Wind	 capacity	 to	 2050	 (both	 technologies):	 Carbon	 Trust	 TINA	 offshore	 wind	 summary	
report	also	used	the	ETI	ESME	UK	market	allocation	model	under	a	similar	set	of	assumptions	
to	 the	 later	 wave	 and	 tidal	 study	 [94].	 	 The	 medium	 case	 model	 forecast	 was	 used	 which	
predicts	45	GW	of	offshore	UK	wind	power	by	2050.	This	forecast	was	cross-checked	against	a	
European	Wind	Energy	Association	(EWEA)	reference	[101]	and	found	to	be	a	representative	
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mid	case	profile.	CAPEX	and	OPEX	cost	reductions	employed	a	3%	per	annum	linear	reduction,	
in	line	with	the	ORE	Catapult’s	Cost	Reduction	Monitoring	Framework	[102],	which	used	data	
between	2010	and	2014.	Beyond	20	GW	installed	capacity	in	the	UK,	it	is	predicted	the	need	to	
increasingly	 move	 further	 offshore	 will	 favour	 floating	 wind	 technologies,	 with	 the	 ETI	
expecting	that	if	deployment	exceeds	40	GW,	than	a	mid-case	12GW	in	Scottish	waters	could	
be	generated	from	floating	wind		[94].	Since	no	publicly	available	data	exists	on	floating	wind	
projection	for	the	UK	alone,	the	ETI	criteria	were	used	to	apportion	costs	between	fixed	and	
floating	wind	in	time.	

● EU	Wave/Tidal	 to	2050:	Very	 little	hard	data	existed	at	 the	EU	 level	 for	capacity	projections.	
The	 European	 Ocean	 Energy	 Association	 (ORECCA	 report)	 predicted	 188	 GW	 of	 combined	
wave	and	tidal	energy	capacity	by	2050	in	place	in	the	EU	[103].	It	is	noted	here	that	this	is	an	
aspirational	target	with	a	best-fit	profile	as	per	Figure	38.	Similar	UK	CAPEX	and	OPEX	annual	
cost	reductions,	and	technology	apportioning	were	used.		

	

 
Figure	38	–	UK	and	EU	Wave/Tidal	Stream	projections	[100]	[104]	

● EU	Wind	 to	 2050:	 For	 wind	 at	 the	 EU	 level,	 more	 data	 capacity	 projection	 data	 existed.	 A	
EWEA	study	projected	66	GW	of	offshore	wind	generation	up	to	2030	[101].	Between	2030	to	
2050	a	different	EWEA	deep	water	study	determined	an	aspirational	target	of	460	GW	[105]	
(Figure	39).	Similar	UK	CAPEX	and	OPEX	annual	cost	reductions,	and	technology	apportioning	
were	used.	
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Figure	39	–	UK	and	EU	Wind	projections	[104]	

The	final	step	was	to	couple	all	UK	and	EU	technology	ACS	calculations	to	the	capacity	projections,	
to	 determine	 total	 2017	 billion	 nominal	 Net	 Present	 Value	 (£)	 with	 10%	 discount	 rate	 (NPV10)	
estimates	for	different	points	in	the	future	–both	developer	savings	(upper	table)	and	vendor	prize	
(lower	table).	Tables	12,	13	and	14	illustrate	the	report’s	Scenario	1,	2	and	3	mid-case	results,	each	
of	which	has	a	high	and	low	uncertainty	range	attached.	
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Table	12	–	Scenario	1	Developer’s	savings/cost	and	Vendor	prize	using	new	ACS	technology,	shown	as	all	

markets	combined	(upper	tables)	and	the	separate	markets	(lower	tables)	
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Table	13	–	Scenario	2	Developer’s	savings/costs	and	Vendor	prize	using	new	ACS	technology,	shown	as	all	

markets	combined	(upper	tables)	and	the	separate	markets	(lower	tables)	



Economic	opportunity	report	 	 Project	NeSSIE	

79 
 

  

 
Table	14	–	Scenario	3	Developer’s	savings/costs	and	Vendor	prize	using	new	ACS	technology,	shown	as	all	

markets	combined	(upper	tables)	and	the	separate	markets	(lower	tables).	

The	 developer	 saving	 and	 vendor	 prize	 for	 employing	 new	 materials	 and	 processes	 in	 their	
offshore	renewable	energy	devices/arrays	is	larger	than	simply	adding	direct	corrosion	solutions	to	
existing	marine	steel	structural	materials.	As	expected,	both	Scenario	1	and	2	of	new	ACSs	show	
considerable	worth	on	 a	UK	 and	 EU	 forward	basis	 to	 developers	 and	 supply	 chain	 vendors	 –	 as	
CAPEX	 is	 either	 reduced	 or	 equal	 to	 the	 BAU	 scenario	 and	OPEX	 is	 reduced.	 Fixed	wind	 energy	
provides	by	far	the	largest	savings	to	developers,	and	potential	value	to	the	vendors,	followed	by	
wave	energy.	

However,	 in	 Scenario	 3,	 where	 the	 implementation	 of	 the	 new	 ACS	 comes	 with	 an	
additional	 10%	 of	 modified	 CAPEX	 cost	 to	 the	 developer,	 a	 negative	 saving	 is	 encountered	 –	
meaning	a	cost	to	the	developer.	In	the	cases	of	wave	and	floating	wind	in	the	UK,	and	wave	and	
fixed	 wind	 in	 the	 wider	 EU,	 a	 tipping	 point	 is	 reached	 after	 2030.	 After	 this	 point,	 the	 cost	
reduction	of	OPEX	outweighs	the	cost	of	the	new	installed	capacity.	This	even	leads	to	a	developer	
saving	by	2050.	For	tidal	energy	in	the	UK	and	the	wider	EU,	the	additional	cost	to	the	CAPEX	does	
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not	outweigh	the	benefits	of	the	reduced	OPEX,	which	is	relatively	low	for	tidal	energy	–	there	is	
no	tipping	point	within	the	investigated	timeframe.	For	this	scenario,	the	corrosion	solution	does	
not	 lead	to	a	developer	saving	 in	 the	wider	EU,	which	can	be	attributed	to	 the	 lack	of	corrosion	
impact	on	the	performance	in	the	BAU	case.	The	large	uncertainty	of	the	high	and	low	case	for	this	
third	scenario	can	be	attributed	to	the	difference	in	the	tipping	point	location	for	these	cases.	
	
The	 overall	 combined	market	 numbers	 in	 2017	 NPV10	 terms	 applicable	 to	 offshore	 renewable	
technology	developer	savings	and	vendor	supply	chain	prizes	are	as	follows	(based	on	an	installed	
ocean	and	wind	capacity	of	26	GW	in	the	UK	and	92	GW	in	the	wider	EU	by	2030	and	60	GW	and	
650	GW	by	2050	in	the	UK	and	wider	EU	respectively):	
● Scenario	1:	New	Materials	and	processes	with	both	CAPEX	and	OPEX	reduced	relative	to	BAU	

○ By	2030,	Developer’s	savings	with	a	NPV10	of	£9.2bn	and	£32.8bn	will	be	possible	in	
the	UK	and	wider	EU,	respectively.	

○ By	2050,	Developer’s	savings	with	a	NPV10	of	£12.8bn	and	£74.6bn	will	be	possible	in	
the	UK	and	wider	EU,	respectively.	

○ By	 2030,	 Vendor	 supply	 chain	 values	with	 a	 NPV10	 of	 £11.2bn	 and	 £33.6bn	will	 be	
available	in	the	UK	and	wider	EU,	respectively.	

○ By	 2050,	 Vendor	 supply	 chain	 values	with	 a	 NPV10	 of	 £14.4bn	 and	 £83.3bn	will	 be	
available	in	the	UK	and	wider	EU,	respectively.	
	

● Scenario	2:	Direct	Corrosion	Solutions	with	the	BAU	CAPEX	and	reduced	OPEX	relative	to	BAU	
○ By	2030,	a	Developer’s	savings	with	a	NPV10	of	£1.4bn	and	£4.1bn	will	be	possible	in	

the	UK	and	wider	EU,	respectively.	
○ By	2050,	a	Developer’s	savings	with	a	NPV10	of	£2.5bn	and	£11.2bn	will	be	possible	in	

the	UK	and	wider	EU,	respectively.	
○ By	 2030,	 a	 Vendor	 supply	 chain	 value	with	 a	 NPV10	 of	 £4.3bn	 and	 £17.3bn	will	 be	

available	in	the	UK	and	wider	EU,	respectively.	
○ By	 2050,	 a	 Vendor	 supply	 chain	 value	with	 a	 NPV10	 of	 £5.6bn	 and	 £33.6bn	will	 be	

available	in	the	UK	and	wider	EU,	respectively	
	
● Scenario	3:	Direct	Corrosion	Solutions	with	CAPEX	increased	and	OPEX	reduced	relative	to	BAU	

○ By	 2030,	 the	 Developer	 will	 have	 an	 additional	 cost	 with	 a	 NPV10	 of	 £0.04bn	 and	
£1.6bn	in	the	UK	and	wider	EU,	respectively.	

○ By	 2050,	 the	 Developer	will	 have	 an	 additional	 cost	with	 a	 NPV10	 of	 £2.5bn	 in	 the	
wider	EU.	Whereas	in	the	UK,	due	to	surpassing	the	balance	point	between	the	cost	of	
CAPEX	and	OPEX,	there	will	be	a	Developer’s	savings	with	a	NPV10	of	£0.5bn.	

○ By	 2030,	 Vendor	 supply	 chain	 values	 with	 a	 NPV10	 of	 £5.9bn	 and	 £23.3bn	 will	 be	
available	in	the	UK	and	wider	EU,	respectively.	

○ By	 2050,	 Vendor	 supply	 chain	 values	 with	 a	 NPV10	 of	 £7.6bn	 and	 £45.3bn	 will	 be	
available	in	the	UK	and	wider	EU,	respectively.	

	
Validating	these	headline	figures	is	challenging	given	the	lack	of	direct	comparisons.	Some	limited	
data	however	do	exist.	The	calculations	in	this	report	are	2017	nominal	term	NPV10	numbers;	yet	
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it	is	worth	comparing	them	to	available	market	data	to	ensure	they	represent	realistic	outputs	for	
real	world	offshore	sector	vendor	markets.	

Direct	corrosion	solutions	include	coating,	paints	and	inhibitors	–	a	market	research	report	
estimated	these	solutions	in	2015	were	worth	to	the	global	oil	and	gas	industry	a	market	value	of	
USD	$8Bn,	with	an	expected	CAGR	of	4.3%	and	future	market	size	 in	2025	of	USD	$12.2Bn	[106]	
(or	$15Bn	 in	2030	using	the	same	CAGR).	 If	we	compare	the	Scenario	1	estimate	on	an	EU-wide	
basis	for	these	direct	corrosion	solutions,	in	2030	the	model	estimated	an	NPV10	of	£17Bn	vendor	
market	value	to	the	offshore	renewables	industry.			

Obtaining	a	relevant	new	materials	market	valuation	is	even	harder	because	of	the	range	of	
materials	 and	 processes	 under	 consideration	 for	 100%	 displacement	 in	 NeSSIE.	 However,	 a	
comparison	of	marine	component	markets	can	be	made	in	order	to	understand	their	magnitude.	
For	 example,	marine	 propellers	made	 from	aluminium,	 bronze	 and	 stainless	 steel	 for	 all	 vessels	
had	 an	 estimated	 global	 market	 value	 of	 USD$3.7Bn	 in	 2015,	 and	 projected	 2020	 value	 of	
USD$6Bn	 [107].	At	 the	other	end	of	 the	maritime	market	 scale,	Figure	46	 in	Annex	 III	displays	a	
breakdown	of	EU-wide	products	and	services	on	an	average	basis	between	2006	and	2010	in	the	
marine	 supplies	 industry	 [108].	 The	marine	 supplies	 industry	 participates	 in	 a	widely	 diversified	
market,		including	shipbuilding,	offshore	oil	and	gas,	offshore	wind,	subsea	infrastructure,	etc.,	in	
public	 and	 private	 domains	 and	 in	 organisations	 of	 various	 sizes.	 EU28	 suppliers	 on	 average	
annually	 served	 €52.5Bn	 of	 global	 demand,	 with	 NSB	 region	 countries	 making	 up	 75%	 of	 the	
production	 volumes	 (UK,	 Germany,	 Italy,	 Netherlands	 and	 France).	 Figure	 46	 further	 splits	 its	
estimates,	paints/coatings	make	up	€1.3Bn	and	aggregated	materials	(steel,	other),	steel	products	
and	mechanical	engineering	make	up	€23.9Bn.	Across	the	EU	(as	well	as	Norway	and	Turkey),	the	
marine	supplies	industry	employed	451,000	people	across	30,000	companies.	It	is	envisioned	that	
the	new	materials/processes	and	direct	corrosion	solutions	industry	sector	in	the	future	will	be	of	
a	comparable	size,	with	EU	projections	stating	wind	power	alone	could	provide	50%	of	the	entire	
EU’s	electricity	supply	by	2050	[109].		

This	 report’s	 vendor	 revenue	 estimates	 could	 be	 considered	 optimistic	 compared	 to	 the	
market	 research.	 Without	 knowing	 the	 full	 calculation	 assumptions	 which	 went	 into	 the	 other	
market	 research	 estimations,	 this	 comparison	 is	 however	 problematic.	 Additionally,	 offshore	
renewables	device	corrosion	is	a	far	more	important	factor	given	submersed	dynamic	movement	is	
paramount	for	efficient	generation	compared	to	static	structures	in	oil	and	gas	production.	What	
can	be	concluded	is	that	this	report’s	calculated	market	value	estimates	are	of	the	same	order	of	
magnitude	as	the	limited	wider	EU	market	data	described	above,	allowing	a	certain	confidence	in	
the	valuations.	

6.8. Limitations	to	economic	estimates	

Although	an	uncertainty	 range	has	been	 included	 in	 the	estimates,	 a	 range	of	 literature	 sources	
researched,	and	a	2017	offshore	renewable	cost	sense	check	undertaken,	 there	are	 limits	 to	the	
estimate	 -	 as	 with	 any	 forecast.	 A	 concise	 list	 of	 the	 main	 estimate	 uncertainty	 components	
includes:	
● Capacity	projections:	ESME	market	allocations	modelling	data	was	used	which	incorporates	a	

wide	range	of	technical	and	financial	parameters	in	the	UK	to	improve	the	forecast.	However,	
future	 government	 policy,	 public	 opinion	 towards	 electrical	 generation/demand	 and	
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technology	development,	 to	name	but	 a	 few	 factors,	will	 all	 heavily	 influence	 capacity	build	
out	 rates.	 At	 EU-level,	 the	 forecast	 is	 even	 more	 uncertain	 given	 the	 lack	 of	 detail	 in	 the	
renewables	target.	

● Cost	 changes:	 The	 CAPEX	 and	 OPEX	 used	 in	 this	 report	 were	 of	 various	 vintages,	 with	
commercial	wind	expenditures	 rapidly	 changing	on	an	annual	basis.	 Figure	40	 illustrates	 the	
difficulty	 in	using	a	 simple	 technology	 cost	decline	 function	over	 time	–	historically	offshore	
wind	CAPEX	has	followed	the	easiest	 location,	nearshore	cheaper	shallow	sites	firstly,	before	
location	 limitations	 and	 better	 resource	 harnessing	 dictate	 a	 move	 to	 deeper	 waters	 and	
higher	expenditures	[96].	Future	cost	prediction	is	therefore	inherently	uncertain.	

● All	 WEC,	 TEC	 and	 Wind	 turbine	 device	 were	 assumed	 to	 be	 generic	 and	 fall	 within	 the	
researched	OPEX	and	CAPEX	ranges.	In	reality,	only	offshore	fixed	wind	turbines	have	achieved	
full	design	convergence,	and	hence	there	 is	also	a	regional	semblance	of	competitive	market	
technology	cost	convergence.		

	

 
Figure	40	–	Historical	versus	future	offshore	wind	CAPEX	variations	[96]	

The	 absolute	 forecasted	 estimates	 determined	 in	 this	 report	 should	 not	 be	 used	 literally,	 but	
instead	 be	 used	 as	 an	 indicator	 that	 a	 positive	 and	 potentially	 lucrative	 market	 for	 new	
materials/processes	and	direct	corrosion	solutions	coupling	to	offshore	renewable	energy	devices	
does	indeed	exist.	Developers	can	act	to	reduce	costs	and	increase	competitiveness,	whilst	cross-
industry	sector	vendors	can	recognise	that	a	market	does	exist	outside	of	their	normal	operating	
markets.
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7. UK/EU	wide	offshore	renewable	energy	status	and	outlook	

	
To	 conclude	 this	 report,	 a	 brief	 review	 of	 the	 key	 points	 surrounding	 the	 current	 and	 future	
development	status	of	offshore	wave,	tidal	and	wind	deployment	in	the	UK	and	wider	EU	will	be	
included.	The	intention	is	to	enlighten	people	working	outside	of	the	renewables	sector	of	the	key	
development	 challenges,	 which	 are	 largely	 similar	 on	 a	 regional	 basis.	 Additionally,	 research	
carried	out	to	date	on	cross	industry	supply	chain	diversification	in	the	offshore	renewables	sector	
will	 also	be	summarised	 to	better	 inform	both	developers	and	vendors	as	 to	how	cross-industry	
skills	 transfer	 is	being	actively	managed	and	encouraged.	The	 identified	development	challenges	
can	also	be	used	to	frame	DCS	and	NM	NeSSIE	solutions	through	demonstration	projects	that	lie	at	
the	heart	of	current	developer	challenges	with	a	view	to	encouraging	project	collaboration.	
	

7.1. Existing	 research	 into	 UK/EU	 offshore	 renewables	 deployment	 –	 NeSSIE	
integration	

The	most	relevant	document	to	summarise	and	inform	the	current	outlook	on	the	future	of	ocean	
energy,	and	how	NeSSIE	can	be	integrated	into	it,	is	the	recently	published	Ocean	Energy	Forum’s	
‘Ocean	 Energy	 Strategic	 Roadmap’	 [110].	 Leading	 from	 an	 EU	 perspective	 –	 which	 is	 currently	
shared	by	the	UK	-it	suggests	ocean	energy	is	set	to	play	an	important	role	in	the	Union's	transition	
away	from	fossil	fuel	electricity	generation,	to	help	meet	greenhouse	gas	emissions	reductions	of	
80-95%	 below	 1990	 levels	 by	 2050.	 The	 EU	 is	 a	 world	 leader	 in	 ocean	 energy	 and	 the	market	
opportunity	 to	 supply	 global	 supply	 chains	 exists	 to	 significantly	 benefit	 the	 EU	 economy.		
According	 to	 the	2016	 JRC	Ocean	Energy	 Status	 report	 [109],	 Europe	hosts	52%	of	 tidal	 stream,	
and	 60%	of	wave	 developers	 globally,	 but	 installations	 are	 occurring	 at	 a	 slow	 pace	 -	with	 only	
14MW	of	ocean	energy	capacity	by	the	end	of	2016	 installed	from	a	National	Renewable	Energy	
Action	plan	sum	of	641	MW.	There	is	no	lack	of	projects	in	the	pipeline	(planned	tidal	stream	and	
wave	 projects	 in	 Europe	 by	 2020	 amount	 to	 600	MW	 and	 65	MW	 respectively),	 and	 if	 funding	
approval	 is	taken	into	account	the	planned	installation	amounts	to	71	MW	and		37	MW	by	2020	
respectively	[109].	There	is	no	doubt	however	that	there	is	a	strong	commitment	from	the	EU	to	
develop	ocean	energy,	as	described	in	the	OEF	Roadmap.	

Ocean	 energy	 technologies	 (wave,	 tidal	 stream,	 tidal	 range,	 OTEC,	 salinity	 gradient)	 are	 at	
varying	 stages	 of	 development	 across	 Europe,	 and	 far	 more	 juvenile	 than	 offshore	 wind,	 and	
hence	would	require	a	different	approach	to	integration	within	NeSSIE.	If	ocean	technologies	are	
to	 develop	 through	 the	 various	 R&D,	 prototyping,	 demonstration,	 pre-commercial	 phases	 to	

Key messages 
NeSSIE	 can	 play	 a	 significant	 role	 in	 the	 goal	 of	 moving	 marine	 renewables	 towards	
commercialisation;	exerting	a	potentially	significant	 influence	on	and	taking	advantage	of	the	
key	technology	action	areas	as	identified	by	Ocean	Energy	Forum	(development	of	phase	gate	
validation,	 innovative	 financing	 and	 insurance	 solutions,	 de-risking	 of	 environmental	
consenting).		
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commercialisation,	they	all	face	similar	technological,	financial	and	regulatory	challenges.	Through	
the	ETIP	ocean	knowledge-sharing	platform,	industry	experts	have	identified	several	priority	areas	
to	develop	technologies	along	the	strategic	roadmap:	
● Testing	sub-system	components/devices	in	real	sea	conditions.	
● Increasing	reliability	and	performance	of	ocean	energy	devices.	
● Stimulating	a	dedicated	installation	and	operation	and	maintenance	value	chain.	
● Delivering	power	to	the	grid	via	hubs.	
● Devising	standards	and	certification,	to	facilitate	access	to	commercial	financing.	
● Reducing	costs	and	increasing	performance	through	innovation	and	testing.	
	
Both	DCS	and	NM	corrosion	solutions	will	directly	affect	reliability	and	performance,	supply	chain	
development,	 standards	 development	 and	 cost	 reductions	 through	performance	 enhancements.	
NeSSIE	is	well	placed	to	answer	the	technical	priority	needs	of	ocean	energy	developers.		
	
The	 OEF	 Roadmap	 puts	 forward	 four	 key	 action	 plans	 to	 smoothen	 transition	 between	 the	
development	phases	and	into	full	 industrial	commercialisation	–NeSSIE	can	position	itself	to	take	
advantage	of	these	ocean	energy	actions:	
● (1)	Industry	and	EU	member	States	are	to	establish	a	recognised	and	agreed-upon	phase	gate	

development	scheme	to	validate	subsystems	and	early	prototypes	to	enhance	public	funding	
accessibility	through	trusted	standards	applications:	

○ Existing	 offshore	 cross	 sector	 standards	 and	 certifications	 processes	 for	 materials	
selection,	 fabrication,	 and	 manufacturing	 and	 corrosion	 management	 could	 be	
adapted	and	transferred	into	the	marine	renewables	realm.		

	
● (2&3)	 Innovative	 financing	 and	 insurance	 solutions	 should	 bridge	 the	 gap	 between	

demonstration	 and	 pre-commercial	 phases.	 Uncertainties	 in	 performance	 levels	 and	
maintenance	 requirements	 at	 the	 larger	 scale	 deter	 potential	 investors	 once	 single	 device	
testing	 is	 completed.	 Perceived	 risks	 prevent	 access	 to	 commercial	 bank	 loans	 and	 private	
equity	investments.	The	OEF	roadmap	therefore	suggests	two	innovative	funding	instruments;	
an	Insurance	and	Guarantee	Fund,	and	an	Investment	Support	Fund.		

○ NeSSIE’s	 technology	 corrosion	 solutions	 are	 principally	 aimed	 at	 ensuring	 continued	
device/array	performance	 levels	are	maintained,	and	hence	directly	acting	 to	 reduce	
perceived	production	risks,	and	therefore	improve	funding	attractiveness.	Cross-sector	
corrosion	management	monitoring,	 assessment	 and	 repair	 systems	 could	be	directly	
translated	to	marine	devices	as	a	performance	drop	mitigation	tool.	Equally,	corrosion	
resistant	 new	 materials	 integrated	 into	 early	 device	 design	 phase	 stages,	 if	
demonstrated	 at	 sea	 to	 be	 effective	 for	 a	 single	 device	will	 again	 directly	 appeal	 to	
funding	support	through	reliability	and	risk	mitigation.	

	
● (4)	 De-risking	 of	 environmental	 consenting	 by	 an	 integrated	 programme	 of	 measures	 to	

develop	 guidance	 on	 planning,	 consenting,	 research,	 socio-economic	 and	 demonstrations	 to	
share	best	practice	and	streamline	processes.		

○ Future	 ocean	 energy	 deployment	must	 be	 environmentally	 benign	 and	 local	 supply	
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chains	 included	 in	 smoothening	 the	 technologies’	 pathway	 to	 growth.	 NeSSIE	 has	
regionally	focused	consortia	of	local	industries	and	a	remit	to	diversify	existing	in-place	
knowledge	 and	 expertise	 over	 to	 ocean	 renewables	 to	 sustain	 their	 communities’	
long-term	 growth	 prospects.	 The	 selected	 demonstration	 projects	 will	 aim	 to	
practically	define	 the	optimum	method	of	adhering	 to	EU	and	national	development	
licensing	and	environmental	 standards,	 and	 identify	 gaps	 that	need	 to	be	addressed	
and	the	most	efficient	decision	making	process.	

	
The	 ORECCA	 European	 offshore	 renewable	 energy	 roadmap	 [111]	 states	 that	 across	 Europe	
approximately	80%	of	the	combined	wave	and	wind	resource	is	in	water	depths	greater	than	60m,	
with	 50%	 greater	 than	 100km	 offshore.	 Deeper	 water	 and	 further	 afield	 offshore	 wave	 and	
floating	 wind	 developments	 will	 be	 necessary	 to	 access	 these	 to	 achieve	 Europe’s	 low	 carbon	
generation	 targets,	 particularly	 in	 sea	 basins	 outside	 of	 the	 NSB	 region	 (Figure	 41).	 Growth	
outlooks	 for	offshore	 renewables	 to	 achieve	earlier	 target	projections	 is	 technically	 feasible	 and	
local	supply	chains	will	need	enabling	to	support	these	developments.	
	

 
Figure	41	–	ORECCA	combined	ocean	and	wind	resource	map	potential	across	Europe	[111]	

The	status	of	offshore	wind	energy,	along	with	NeSSIE’s	aims,	align	differently	with	ocean	energy	
systems.	 The	most	 up-to-date	 outlooks	 relating	 directly	 to	 offshore	wind	 in	 Europe	were	 taken	
from	Wind	Europe’s	‘Unleashing	Europe’s	offshore	wind	potential’	[112]	baseline	scenario	(Figure	
42)	 -	which	 limits	 the	2030	 target	 to	64	GW	based	upon	 technical	 resource	potentials	and	LCOE	
cost	reductions,	or	7-11%	of	the	EU’s	electricity	demand.	Floating	wind	by	2030	makes	up	14%	of	
the	economically	attractive	resource	potential,	but	in	the	upside	scenario	70%	compared	to	fixed	
foundation	types.	Offshore	wind	in	the	UK	alone	is	predicted	to	meet	35%	of	the	UK’s	electricity	
demand	by	2030	[113].	
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Figure	42	–	Cumulative	installed	capacity	by	country	up	to	2030	[113]	

	
Concerning	 the	 barriers	 and	 challenges	 to	 offshore	 wind	 energy	 (OWE)	 development,	 the	 NSB	
region	can	be	considered	a	typical	location	example	of	relevance	to	the	wider	EU	area.	It	currently	
has	 the	 world’s	 highest	 currently	 installed	 wind	 capacity.	 Amongst	 the	 many	 offshore	 wind	
roadmaps	 produced,	 the	 WINDSPEED	 project	 2011	 roadmap	 [114]	 provided	 a	 good	 technical	
summary	 of	 the	 key	 challenges	 and	 the	 actions	 to	 overcome	 them	 using	 a	 range	 of	 competing	
marine	spatial	planning	 issue	deployment	scenarios	 in	the	NSB	region	to	assess	potential	 (Figure	
43).	
	

						  
Figure	43	–	WINDSPEED	project	NSB	study	region	and	sea	basin	sizes	[117]	

	
WINDSPEED	 looked	 at	 two	 main	 aspects	 of	 OWE	 deployment:	 competing	 sea	 space	 and	
technology	 development.	 	 Taking	 a	 competing	 sea	 space	 perspective	 for	 the	NSB	 region	 differs	
from	other	 roadmaps	and	offers	an	 interesting	overlapping	view	of	how	OWE	and	ocean	energy	
share	 commonalities	 with	 other	 cross-sector	 industries	 and	 their	 supply	 chains.	 Spatially,	
governments	deploying	renewable	energy	technologies	will	need	to	balance	 low	cost	generation	
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versus	non-generation	sea	usages	such	as	shipping,	fisheries,	military	areas,	cabling,	pipelines,	oil	
and	 gas	 extraction,	 sand	 extraction	 and	 the	 natural	 environment	 –	 all	 having	 a	 different,	 and	
annually	 varying	 situational	 presence.	NeSSIE	 offers	 the	 opportunity	 to	 identify	 established	NSB	
regional	 supply	 chains	 and	 any	 integrated	 planning	 synergies	 with	 competing	 sea	 users	 facing	
similar	 cost	 reduction	 pressures,	 corrosion	 offshore	 and	 environmental	 planning	 issues	 and	
leverage	against	ambitious	OWE	and	ocean	renewables	deployment	targets.	

Although	 fixed	 OWE	 can	 be	 considered	 a	 fully	 commercial	 technology,	 there	 are	 many	
technical	aspects	ranging	from	component	design,	installation	techniques	and	O&M	methods	that	
are	continually	evolving	and	which	reflect	the	changing	market	in	terms	of	water	depths,	distance	
offshore,	array	scale	and	electricity	delivery	costings.	The	main	technical	challenges	compared	to	
onshore	wind	 identified	 are;	 fixed	 foundation	 depth	 constraints,	 corrosion,	 O&M	 cost	 penalties	
relating	 to	 reliability,	 safe	 weather	 working	 windows	 and	 accessibility,	 large	 distances	 to	 grid	
connection	points	and	limited	environmental	impact	knowledge.	As	identified	previously	in	Figure	
38,	unexpectedly	the	cost	decline	associated	with	up-scaled	economies	of	OWE	scale	over	the	past	
decade	has	failed	to	materialise,	and	the	situation	has	arisen	because	of	rising	global	material	and	
labour	 costs,	 exchange	 rate	 movements,	 turbine	 price	 increases,	 supply	 chain	 constraints	 and	
planning/consenting	delays	(Greenacre	et	al.	2010).	As	developers	are	pushed	into	deeper	waters	
further	from	shore,	it	also	has	repercussions	for	energy	costs.	NeSSIE	is	uniquely	placed	to	directly	
impact	 OWE	 build-out	 in	 key	 financial	 areas:	 LCOE,	 CAPEX	 and	 OPEX	 reductions	 through	 novel	
materials	and	corrosion	solutions	improving	performance	maintenance	and	reducing	O&M	time.	In	
addition,	 the	diversification	of	existing	 supply	chains	across	offshore	 renewables	will	 act	 to	ease	
supply	 chain	 constraints	 and	 dampen	 price	 fluctuations,	 with	 developers	 having	 a	 more	
competitive	selection	of	vendors	to	approach	for	corrosion	solutions.		

7.2. UK	supply	chain	diversification	into	renewables	case	study	

Through	diversification,	established	offshore	materials/processes	and	corrosion	solution	suppliers	
can	 build	 new	 revenue	 streams,	 capabilities	 and	 respond	 more	 efficiently	 to	 changing	 market	
demands	and	costs.	Scottish	Enterprises	‘Oil	and	Gas	diversification	opportunities’	[115]	report	is	a	
good	example	of	how	established	supply	chains	are	being	encouraged	to	diversify	into	the	growing	
offshore	 renewables	 markets,	 and	 one	 that	 could	 be	 applied	 to	 regional	 consortia	 elsewhere	
across	the	wider	EU.	The	guide	is	split	into	three	sections:	
1) An	oil	and	gas	industry	shared	similarities	industry	sector	analysis	(Figure	44),	offering	relative	

market	 size	 diversification	 opportunities.	 Broad	 oil	 and	 gas	 supply	 chain	 capabilities	 could	
potentially	 be	 applied	 to	 other	 sector	 development	 challenges,	 based	 upon	 degrees	 of	
technical	crossover,	defined	market	new	entrant	accessibility,	growth	rates	and	sizes.		

● The	 largest	 oil	 and	 gas	 diversification	 opportunities	 based	on	 this	 study	were	 in	 the	
areas	 of	 decommissioning	 and	 offshore	 wind,	 with	 commercialisation	 of	 wave	 and	
tidal	energy	noted	as	an	important	opportunity.	

2) The	 industry	cross-sector	analysis	 results	were	then	cross-referenced	with	 intra	upstream	oil	
and	gas	industry	segment	skills	–	intra	expertise	segments	included	reservoir,	wells,	facilities,	
subsea	and	support	skills.		

● Below	water	supply	chain	activities	like	subsea	engineering	and	controls	systems	were	
highlighted	as	a	key	strength	area,	as	well	as	above	water	topsides	design,	installation,	
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and	 support	 logistics.	 All	 have	 transferrable	 capabilities	 to	 other	 offshore	 areas	 like	
wind,	wave	and	tidal.		

3) Long-term	corporate	strategy	diversification	models	were	designed,	and	were	shown	in	Figure	
45,	these	include:	

● Direct	sales	of	product	and	services	in	short	term	(although	deemed	exceptional).	
● Product/Service	 department	 develops	 a	 targeted	 product/service	 after	 a	 specific	

opportunity	is	identified.	
● Targeted	Recruitment/Acquisition	 of	 individuals	 or	 businesses	 to	 better	 understand	

new	sector	enabling	synergy	development.	
● Alliance/Partnerships	 are	 identified	with	mutual	 benefits	 through	 collaboration	 that	

would	not	have	been	possible	on	their	own.	
● Establish	 subsidiary	 if	 confident	 or	 affluent	 enough	 to	 enable	 targeted	 and	 focused	

product	 and	 service	 development	 without	 the	 diversion	 of	 normal	 oil	 and	 gas	
activities.	

● Partner/Subcontract	by	identifying	another	oil	as	gas	supply	chain	company	active	in	
new	sector	with	whom	synergies	exist	to	pull	through	new	products.	

● Collaborative	group	creation	with	other	SME’s	to	create	compelling	new	sector	offers.	
● Mutual	 support	 exchange	 if	 a	 new	 sector	 business	 is	 willing	 to	 provide	 mutual	

exchange	support	to	an	oil	and	gas	company	wanting	into	the	new	sector	also.	
	
Using	this	 introductory	analysis,	Scottish	Enterprise	then	goes	on	to	offer	further	service	support	
to	 encourage	 business	 to	 seek	 out	 diversification	 opportunities.	 This	 model	 provides	 a	 good	
template	 for	diversification	 that	 could	be	applied	 to	other	established	offshore	 industries	 in	any	
other	European	sea	basin.	
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Figure	44	–	Relative	market	size	sectors	available	for	oil	and	gas	diversification	
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Figure	45	–	Scottish	Enterprise	Oil	and	Gas	diversification	models	[115]	

	

8. 	Concluding	remarks		
This	 report	 was	 designed	 as	 an	 introduction	 to	 the	 problems	 caused	 by	 corrosion	 in	 existing	
offshore	 industries,	 and	 the	 opportunity	 that	 existing	 expertise	 presents	 to	 emerging	 offshore	
renewable	 generation	 technologies	 on	 a	 qualitative	 and	 quantitative	 basis.	 Through	 an	
introduction	of	what	corrosion	actually	is	and	how	it	is	currently	managed,	the	report	progressed	
through	 examples	 of	 how	 corrosion	has	 been	 researched	within	 emerging	wave,	 tidal	 and	wind	
resource	 technologies	 from	 a	 novel	 material	 and	 direct	 corrosion	 solution	 perspective.	 It	 then	
moves	 on	 to	 identify	 relevant	 supply	 chains	 able	 to	 source	 new	materials	 and	 direct	 corrosion	
solutions,	along	with	NSB	region	based	real	world	stakeholders.	For	developers,	the	primary	new	
materials	 and	 corrosion	 management	 requirements	 are	 realising	 cost	 reductions	 and	 ensuring	
array	 performance	 levels.	 For	 vendor	 supply	 chains,	 they	 need	 to	 better	 understand	 corrosion	
solutions	 diversification	 opportunities.	 The	 potential	 value	 to	 each	 was	 quantified	 logically	 and	
referenced	to	real	world	market	data	comparisons.	A	brief	snapshot	of	the	importance	that	Europe	
places	 on	 wind,	 wave	 and	 tidal	 technologies	 was	 then	 explained,	 along	 with	 each	 technology’s	
current	development	barriers	and	challenges.	Finally,	a	small	diversification	case	study	highlighted	
how	 through	 NeSSIE,	 an	 established	 offshore	 industry	 could	 possibly	 diversify	 into	 emerging	
offshore	renewable	generation.	

The	report	was	intended	as	a	synopsis	only,	not	an	in	depth	offshore	corrosion	and	materials	
diversification	study.	Developers	and	vendors	 interested	 in	collaborating	with	the	demonstration	
projects	 will	 possess	 their	 own	 individual	 and	 specialist	 bespoke	 knowledge,	 in	 their	 particular	
market	 product	 or	 service	 and	 generation	 device	 areas.	 Later	 work	 packages	 will	 facilitate	 this	
external	input	to	the	project.	

The	mission	goal	of	NeSSIE	is	to	”tap	into	the	existing	knowledge	of	novel	materials	and	direct	
corrosion	solutions	 in	established	offshore	supply	chains	 to	develop	demonstration	projects	 that	
will	benefit	the	growing	offshore	renewables	sector	in	the	North	Sea	Basin	region.	The	solutions,	
when	 demonstrated	 and	 commercialised,	 will	 provide	 global	 growth	 and	 job	 creation	
opportunities	across	the	wider	EU”.	What	this	report	has	researched	and	proven	is	that	there	is	a	
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quantifiable	benefit	to	all	parties,	and	capabilities	on	both	sides	of	the	corrosion	solution	equation,	
and	 the	 support	 mechanisms	 to	 facilitate	 materials	 and	 corrosion	 expertise	 transfer	 between	
sectors.		
	

9. 	Annex	I	
	

 
Table	15	-	EU	SME	definition	‘recommendation	2003/361’	
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Table	16	-	Main	classification	of	metal	alloys	listing	used	offshore	[21]	

	

 
Table	17	-	Properties	of	rotational	moulded	polymers	versus	steel	and	aluminium	[46]	
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Table	18	–	Comparison	of	thermoset	and	thermoplastic	composite	resins	[11]	
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Table	19	-	Resin	classification	for	thermoplastics/sets	used	in	composite	manufacturing	[11]	
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10. 	Annex	II	
	

 
Table	20	–	EMEC	technology	TRL	levels	[64]	
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Table	21	–	Private	companies	offering	ACS	solutions	in	NSB	region	
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Table	22	–	Research	organisations/collaborations	listing	applicable	to	Project	NeSSIE	
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Table	23	–	Possible	project	NeSSIE	demonstration	project	testing	facilities	
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Table	24	–	Regulatory	compliance	statutes	for	NeSSIE	marine	demonstration	projects	
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Table	25	–	Certifications/Standards	potentially	applicable	to	Project	NeSSIE	demonstration	
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Table	26	–	Fixed/Floating	OWE,	TEC,WEC	developers	with	relevant	projects	
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Table	27	–	Complete	shortlisting	of	Tidal	Developers	[90]	
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Table	28	–	Complete	shortlisting	of	leased	Tidal	Developments	[90]	
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Table	29	–	Complete	shortlisting	of	Wave	Developers	[90]	
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Table	30	–	Complete	shortlisting	of	2014	upcoming	demonstration	Wave	projects	[90]	
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11. 	Annex	III	
	

 
Figure	46	–	EU28	marine	supplies	portfolio	estimation	2013	[114]	
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WHAT IS NESSIE
The NeSSIE project will tap into the existing knowledge 
of anti-corrosion technology / novel materials solutions 
in the maritime sector supply chain to develop demonstration 
projects for offshore renewables in the North Sea.
The corrosion solutions, when developed and commercialised, 
will provide global growth and job creation opportunities 
across the European Union.

NeSSIE WILL
• Develop and scope 3 offshore renewable energy 

demostration projects relating to corrosion issues 
by drawing on existing maritime supply chain expertise.

• Accelerate the deployment and cost reduction 
of wave, tidal and offshore wind devices.

• Support the demonstration projects developed 
to access public and private investment.

• Create economic opportunities in the North Sea Basin.

FURTHER INFORMATION:

www.nessieproject.com

Innovative corrosion solutions
and new materials in wave,
tidal and offshore
wind energy sectors

3 DEMONSTRATION
Cases

TOTAL BUDGET
860.000 €

8 PARTNERS
5 Countries

DURATION
2017 - 2019

All partners are members of the 
Vanguard Initiative and involved in 

the pilot “Advanced Manufacturing for 
Energy Related Applications 

in Harsh Environment”

THE PROJECT
IN NUMBERS



KEY ACTIVITIES

Assessment of innovative corrosion solutions in wave, tidal 
and offshore wind, through:
• Technology roadmap
• Supply chain analysis
• Supporting consortia to scope and develop investable 

demonstration projects

EXPECTED IMPACT
• Greater collaboration within the value chain 
• Market focused demonstration projects on marine 

renewables on offshore renewable
• New opportunities for SMEs to create jobs and growth 

in the Blue Economy

EU ADDED VALUE
• Building a new model applicable to other cluster 

partnerships
• Fostering the transfer of technology solutions 

to new sectors
• Strengthening regional cooperation through 

the Vanguard Initiative

Lead Partner
SCOTTISH ENTERPRISE

Mark Georgeson, Project Manager
Tel. +44 (0) 300 013.38.58

Email Mark.Georgeson@scotent.co.uk

SIRRIS - Belgium
Bart Teerlinck
Tel. +32 498.919.394
Email bart.teerlinck@sirris.be

ASTER Società Consortile
per Azioni - Italy
Stefano Valentini
Tel. +39 051 639.80.99
Email stefano.valentini@aster.it

LOMBARDY ENERGY
CLEANTECH CLUSTER - Italy
Carmen Disanto
Tel. +39 02 58370810
Email direttore@energycluster.it

THE UNIVERSITY OF 
EDINBURGH - Scotland
Henry Jeffrey
Tel. +44 (0)131 650.55.94
Email henry.jeffrey@ed.ac.uk

CLÚSTER DE ENERGÍA
DEL PAÍS VASCO - Spain
Marcos Suarez Garcia
Tel. +34 94 424.02.11
Email msuarez@clusterenergia.com

FUNDACIÓN ASTURIANA
DE LA ENERGÍA - Spain
Indalecio González Fernández
Tel. +34 985 467.180
Email inda@faen.es

SVENSKT MARINTEKNISKT 
FORUM - Sweden
Janne Rydh
Tel. +46 70 052.47.50
Email janne.rydh@smtf.se

IF YOU WANT TO KNOW MORE 
ABOUT THE NESSIE PROJECT

PLEASE CONTACT

Other contacts - Project Partners

Learn Connect Demonstrate Commercialise

www.nessieproject.com



nessieproject.com
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