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Introduction	

	
Have	you	wondered	why	a	Thermos	container	maintains	your	coffee	hot?	Simply	
observe	its	construction:	it	has	a	shiny	inner	layer,	a	vacuum	shell	and	an	airtight	
cap.	The	purpose	of	the	shiny	inner	layer	is	to	reflect	the	infrared	radiation	that	
tries	 to	 escape	 back	 to	 the	 hot	 liquid.	 The	 vacuum	 reduces	 heat	 loss	 due	 to	
conductivity	and	the	cap	due	to	convection	(hot	air	flowing	outside).		
	
Radiation	and	conduction	are	the	two	most	important	ways	of	transferring	heat	
on	surfaces	 in	 the	marine	world.	Below,	we	examine	how	an	 insulation	system	
needs	to	reflect	radiation	and	reduce	conductivity.	
	
The	present	case	study	refers	to	the	following	NanoPhos’	products:	
	
Ø 2kMTI	Metal	Thermal	 Insulator:	 A	 two-component,	 epoxy	 based	 coating	

formulation	with	low	density	and	thermal	insulating	properties.	
Ø CGU	Cool	Glossy	Stain	Resistant	Polyurethane	Enamel:	A	two-component,	

acrylic	 (aliphatic)	 polyurethane	 coating	 with	 extreme	 heat	 reflectance	
properties.	

Reflectivity	and	emissivity	
	
In	 order	 for	 a	 surface	 not	 to	 absorb	 heat	 and	 remain	 “cool”,	 one	 needs	 to	
consider	 two	 important	 characteristics	 of	 the	 paint	 coating:	 reflectivity	 and	
emissivity.	
	
§ Reflectivity	measures	how	well	a	material	bounces	back	radiation	and	heat	

reflectivity	refers	to	the	heat	specific	radiation:	the	Infrared	radiation.		
§ Emissivity	measures	 how	well	 heat	 that	 has	 been	 absorbed	 by	 a	 surface	 is	

radiated	back	out	into	space.	

Thermodynamics	Laws	and	Heat	Radiation	
	
The	 present	 study	 is	 governed	 by	 two	 major	 elements:	 The	 2nd	 law	 of	
thermodynamics	 and	 the	 understanding	 that	 the	major	 heat	 inflow	 on	 earth’s	
structures	comes	from	heat	irradiation	and	rarely	by	conduction.	
	
The	 second	 law	 of	 thermodynamics	 states	 that	 the	 total	 entropy	 can	 never	
decrease	 over	 time	 for	 an	 isolated	 system,	 that	 is,	 in	 a	 system,	 which	 neither	
energy	nor	matter	can	enter	nor	leave.	The	total	entropy	can	remain	constant	in	
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ideal	cases	where	the	system	is	in	a	steady	state	(equilibrium),	or	is	undergoing	a	
reversible	process.	In	all	other	real	cases,	the	total	entropy	always	increases	and	
the	 process	 is	 irreversible.	 The	 increase	 in	 entropy	 accounts	 for	 the	
irreversibility	of	natural	processes,	and	the	asymmetry	between	future	and	past.	
	
The	second	 law	 is	 concerned	with	 the	direction	of	natural	processes.	 It	asserts	
that	 a	 natural	 process	 runs	 only	 in	 one	 sense,	 and	 is	 not	 reversible.	 For	
example,	 heat	 always	 flows	 spontaneously	 from	 hotter	 to	 colder	 bodies,	
and	never	the	reverse,	unless	external	work	is	performed	on	the	system.	Its	
modern	definition	is	 in	terms	of	entropy.	Heat	cannot	spontaneously	flow	from	
cold	 regions	 to	 hot	 regions	 without	 external	 work	 being	 performed	 on	 the	
system,	which	is	evident	from	ordinary	experience	of	refrigeration,	for	example.	
In	a	refrigerator,	heat	flows	from	cold	to	hot,	but	only	when	forced	by	an	external	
agent,	the	refrigeration	system.	
	

	
Figure	1:	Electromagnetic	Spectrum	

	
	
Another	 element	 that	 helped	 the	 idea	 of	 developing	heat-insulating	 coatings	 is	
the	fact	that	the	major	heat	source	on	earth’s	surface	is	heat	irradiation	(infrared	
irradiation).	The	figure	above	shows	the	power	distribution	of	sunlight:	53%	of	
its	power	belongs	in	the	infrared	region	or,	equally,	the	heat	region.	
	



NanoPhos	SA	
The	Case	of	2kMTI	&	CGU	on	LNG	Carriers	

5	

	
A	piece	of	metal	on	earth	and	in	a	sunny	day	may	be	heated	in	high	temperature;	
most	 often	 higher	 than	 the	 temperature	 of	 the	 surrounding	 environment.	 For	
example,	in	desert	conditions,	the	temperature	of	a	metal	can	reach	100oC,	even	
though	surrounding	air	 temperature	will	never	surpass	50	oC.	Based	on	 the	2nd	
thermodynamics	law,	it’s	definitely	not	the	air	heating	up	the	metal	sheet,	as	heat	
never	flows	from	cold	to	hot	spontaneously.	 It’s	the	heating	content	of	 incident	
solar	radiation	that	heats	up	the	metal!	
	
	

Energy	Saving	Standards:	Requiring	High	Reflectivity	and	
Emissivity	

	
Energy	Star	Label	
The	Energy	Star	label	for	heat	insulating	coatings	requires	initial	reflectivity	of	at	
least	0.65	(on	a	0-to-1	scale).	Clearly,	the	combination	2kMTI	and	CGU	products	
(2kMTI-CGU)	 far	 exceed	 this	 requirement	 as	 reflectivity	 is	 often	 considerably	
higher	than	0.90*.		
	
The	“Solar	Reflectance	Index”	(SRI),	defined	by	ASTM	E	1980,	 incorporates	both	
reflectivity	 and	 emissivity.	 This	 means	 that	 a	 combination	 of	 reflectivity	 and	
emissivity	 is	 required	 for	 coatings:	 they	 need	 to	 be	 good	 reflectors	 and	 good	
emitters	of	heat.	A	high	reflective	and	high	emissive	surface,	will	maintain	a	low	
temperature	–	a	metallic	surface	might	be	reflective	but	will	heat	up	because	of	
its	low	emissivity.	
	
Emissivity	 for	 2kMTI-CGU	 system	 is	 measured	 at	 0.92,	 i.e.	 92%	 of	 the	 heat	
absorbed	 is	re-emitted	back	 into	space.	With	a	solar	reflectance	of	0.90	and	an	
emissivity	value	of	0.92	the	resulting	SRI	is	112!		
	
	
	
	
	
	
	
	

																																																								
*	A	95%	reflectivity	is	used	here	for	2kMTI-CGU	system	for	simplifying	the	
discussion,	although	a	96,8%	IR	reflectivity	has	been	measured	for	the	system	
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The	Underlying	Radiation	Mechanism	

	
Below	we	explore	the	underlying	mechanism	of	how	2kMTI	-	CGU	based	coatings	
behave	with	heat	energy	radiation.	This	ignores	the	reduced	conductivity	effect	
of	the	material	that	further	contributes	to	the	material’s	insulating	ability.	
	

	
Figure	2:	Underline	Radiation	Mechanism.	

When	 one	 examines	 what	 happens	 to	 the	 incident	 radiation	 that	 reaches	 the	
2kMTI-CGU	coating	system	(ignoring	 the	additional	effect	of	 conductivity),	 it	 is	
easy	to	see	how	energy	savings	take	place:	
	
§ Incident	radiation	that	carries	heat	energy	is	reflected	at	a	rate	of	95%.	
§ The	5%	of	 incident	radiation	 that	 is	not	reflected	 is	absorbed	 -	92%	of	 the	

absorbed	 energy	 is	 re-emitted	 back	 into	 space	 (due	 to	 its	 emissivity)	 and	
only	8%	of	it	remains	in	the	coating	increasing	its	temperature.	Therefore,	
only	0.4%	of	the	original	energy	(5%	x	8%)	is	effectively	absorbed	by	
the	 coating	 leading	 to	 a	 much	 smaller	 increase	 in	 the	 surface’s	
temperature.	

§ Given	 that	 the	 thickness	 of	 the	 coating	 is	 much	 smaller	 vs.	 its	 surface	
dimensions,	one	can	simplify	be	saying	that	50%	of	the	emitted	radiation	is	
emitted	from	each	of	the	two	sides	of	the	coating.	In	total,	97.3%	is	returned	
back	 (95%	due	 to	 reflection	 +	 50%	 x	 5%	 x	 92%	due	 to	 emissivity)	 to	 the	
direction	of	its	source.		

§ Similarly,	 only	 2.7%	 of	 the	 incident	 radiation	 is	 re-emitted	 towards	 the	
insulated	side	(50%	x	10%	x	92%).	
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In	this	manner,	the	great	majority	of	heat	radiation	is	reflected	back	towards	the	
same	direction	it	came	from,	and	only	a	small	percentage	is	emitted	towards	the	
insulated	 side.	 	 Given	 that	 the	 coating	 absorbs	 a	 very	 small	 amount	 of	 the	
incident	energy,	its	own	temperature	does	not	increase	and	heat	is	blocked.	
	

Physical	Characteristics	of	the	2kMTI	–	CGU	system	
	
	

System	 DFT	
Reflectance	 Thermal	

Conductivity	
Emittance	 SRI	

Visible	 Infrared	 Solar	
2kMTI-CGU	
Pure	White	
RAL9010	

500μm	
80μm	

98.50%	 96.13%	 93.20%	
68		

mW.m-1.K-1	
92.11%	 127	

2kMTI-CGU	
Cream	White	
RAL9001	

500μm	
80μm	

94.37%	 92.43%	 90.12%	
68		

mW.m-1.K-1	
92.11%	 127	

	
Wavelength	 ranges:	 Visible	 (400-750nm),	 Infrared	 (760-2200nm),	 Solar	 (250-2200nm).The	 SRI	
value	is	calculated	In	accordance	with	E1980	using	the	calculation	tool	provided	by	the	Heat	Island	
Group	 of	 the	 Lawrence	 Berkeley	 National	 Laboratory.	 The	 SRI	 considers	 both	 Reflectance	 and	
Emittance.	
	

Reducing	Surface	Heat	Conductivity	
	
2kMTI-CGU	 reduces	the	thermal	conductivity	of	coatings	 by	 at	 least	 8	 times	 (68	
mW.m-1.K-1,	 EN	 12667).	 Although	 the	 final	 paint	 film	 created	 is	 relatively	 thin	
(580μm	 DFT),	 it	 is	 capable	 of	 reducing	 temperature	 variations	 on	 surfaces	
especially	 as	 it	 is	 highly	 reflective	 and	 emissive.	 This	 is	 a	 major	 benefit	 as	
moisture	 condensates	 on	 parts	 of	 the	 metal	 substrate	 that	 are	 slightly	 colder	
than	the	remaining	surface.	These	colder	 islands	are	 frequently	called	“thermal	
bridges”.	A	 temperature	difference	between	such	areas	as	small	as	1-2	degrees	
Celsius	 is	 sufficient	 for	 creating	 a	 permanent	 “magnet”	 for	 moisture	
condensation.	 Given	 that	 in	 most	 case	 the	 substrate	 is	 metallic,	 corrosion	
develops.	This	is	often	witnessed	as	Corrosion-Under-Insulation	(CuI).	
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The	most	 frequently	 ignored	 insulation	 factor	 is	 keeping	moisture	 out	 of	 your	
metal	substrates	and	ceilings.	The	reasoning	here	is	quite	simple:	water	is	a	good	
conductor	 of	 heat	 and	 when	 its	 vapors	 penetrate	 an	 otherwise	 insulating	
material	 they	 dramatically	 deteriorate	 its	 insulating	 ability.	 To	 appreciate	 this,	
consider	for	many	commonly	used	insulating	material	(like	expanded	PU	foam	a	
5%	increase	in	relative	humidity	can	double	the	material’s	thermal	conductivity!		
	
Given	that	2kMTI	&	CGU	technology	significantly	reduces	moisture	absorption	by	
the	 paint	 and	 effectively	 the	metal	 substrate	 itself;	 keeping	moisture	out	of	the	
metallc	substrate	makes	the	whole	structure	less	conductive.	
	
Engineers	commonly	refer	to	a	U	(or	R)	value	for	insulating	material.	How	
does	this	relate	to	a	2kMTI	-	CGU	painted	metal	substrate?	
	
The	 U-value	 (or	 U-factor),	 more	 correctly	 called	 the	 overall	 heat	 transfer	
coefficient,	describes	how	well	a	building	element	conducts	heat.	It	measures	the	
rate	 of	 heat	 transfer	 through	 a	 building	 element	 over	 a	 given	 area,	 under	
standardized	conditions.	The	usual	standard	 is	at	a	 temperature	gradient	of	24	
oC,	at	50%	humidity	with	no	wind	(a	smaller	U-value	is	better).	U	is	the	inverse	of	
R	with	SI	units	of	W/(m²K)	and	US	units	of	BTU/(h	°F	ft²).	Thermal	conductivity,	
λ	(or	k	in	the	US),	is	the	property	of	a	material	that	indicates	its	ability	to	conduct	
heat.		
	
Thermal	conductivity	is	measured	in	watt	per	kelvin	per	meter	(W/K·m).	While	
all	these	values	can	become	quite	complicated,	indeed	the	U	value	of	a	material	
improves	(decreases)	with	its	thickness.	Since	the	thickness	of	the	2kMTI	-	CGU	
paint	 is	quite	small	this	reduces	the	effect	of	 its	 low	conductivity.	However,	the	
effect	keeping	the	metal	substrate	drier	can	dramatically	effect	the	conductivity	
of	the	whole	metal	substrate.	
	

Putting	It	All	Together:	Combining	Reflectivity,	Emissivity	and	
Conductivity	onboard	an	LNG	Carrier	

	
Let’s	consider	how	heat	is	transferred	through	a	metal	substrate,	where	one	side	
typically	has	a	lower	temperature	than	the	other.	Keep	in	mind	that	heat	always	
transfers	from	the	warmer	side	to	the	colder.	
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Figure	3:	Comparison	of	Regular	Coating	and	2kMTI-CGU	Coating	System.			

	
As	Figure	3	indicates,	2kMTI	-	CGU	has	multiple	effects.	On	one	hand,	the	2kMTI	-	
CGU	treated	surface	reflects	and	re-emits	a	considerable	amount	of	the	incident	
heat	radiation	and	partially	blocks	heat	transfer	due	to	the	change	in	paint	and	
metal	 substrate	 conductivity.	 Therefore,	 the	 traditional	 metal	 substrate	
insulation	has	much	 less	energy	 to	block	as	much	of	 it	 is	 reflected	and	 its	own	
conductivity	 coefficient	 is	 significantly	 reduced	 as	 humidity	 is	 kept	 out.	 As	 a	
result,	2kMTI	-	CGU	technology	complements	traditional	insulation	and	makes	it	
more	effective.	
	
Based	on	the	assumption	that	the	major	heat	inflow	on	the	top	of	a	vessel	is	
attributed	 to	 incident	 solar	 heat	 radiation,	 the	 2kMTI-CGU	 system	 can	
significantly	reduce	the	heat	inflow	and	maintain	the	surface	much	cooler.	
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