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                                                                                1 ANALYSIS OF GLOBAL WARMING MITIGATION BY WHITE REFLECTING SURFACES Fedeico Rossi, Andea Nicolini Univesity of Peugia, CIRIAF Via G.Duanti Peugia, Italy T: ; F: ; E: The apid incease in geenhouse gas (GHG) concentation ove the last 50 yeas has poduced appoximately 0,64 Celsius degees ise in global mean tempeatue. The most woisome effects of global waming include sevee weathe and elated hydo-geologic events, many of which have been aleady occuing. Eath s global suface tempeatue stongly depends on its suface adiative popeties. Sola adiation absobed by suface, togethe with a natual atmospheic geenhouse effect, epesents the mechanism egulating Eath s tempeatue. Theefoe, Eath s albedo modification by pope sufaces would educe the potion of sola adiation absobed by the Eath, and consequently deceased aveage global tempeatue. Quantification of eflecting suface effectiveness has been accomplished though mathematical elations, based on the enegy balance among sky, atmosphee and eath suface. The coelation between the tempeatue eduction and the geenhouse gases decease in the atmosphee has been calculated on the hypothesis that the tempeatue incease in the last centuy has been caused exclusively by the GHG concentation vaiation occued in the same peiod. It has been estimated by a specific model that the eflecting suface aea which is equied to offset the effect, in tems of global mean tempeatue, of intoducing in the atmosphee of 1 ton of CO eq is equal to 8 squae metes. In tems of Radiative Focing, a dop of 0.8 W/m is obtained fo each 10 6 km of sufaces with eflection coefficient of 0.9. Futhemoe, geenhouse gas abatement cost though eflecting sufaces has been compaed to the one obtained by the main enewable enegy souces (see Tables 1 and ). Table 1: CO eq avoided emissions using enegy enewable souces. Technology Avoided emissions gco eq /kwh Ribbon silicon 65 Photovoltaic mono/multicystalline silicon 55 Themal sola (flat collecto) 10 Wind geneato 94 Hydoelectical 85 Table : CO eq avoided emissions using white eflecting technology. Technology Avoided emissions kgco eq /m Reflecting sufaces 10 In the hypothesis of poducing white eflecting sufaces though simple laying of one o moe coats of paint, geenhouse gases (GHG) emissions stictly depend on
                                            










                                            2 paint type. A suface coated with wate based paint emits about kgco eq /m ove a peiod of 10 yeas. When the coating is made of solvent based paint, the GHG emissions double. Howeve, such a contibution can be neglected: a suface with a 0.9 sola light eflection coefficient compensates, duing its life cycle, fo the intoduction in the atmosphee of appoximately 10 kgco eq /m (see Table 1). The above tables do not immediately allow a compaison of enewable enegy souces with white eflecting technology in tems of avoided CO, as the fome ae systems to poduce enegy wheeas the latte is a system to mitigate Eath aveage global tempeatue. A compaison method is poposed, based on the cost necessay to avoid the same amount of emitted CO eq : C CO CP E FR FF CP E FF FR whee CP FR is the enegy unit poduction cost in c /kwh fo enewable souces, CP FF is the enegy unit poduction cost in c /kwh fo taditional souces, E FR ae CO eq emissions (kgco eq /kwh) with enewable enegy souces, E FF ae CO eq (kgco eq /kwh) emissions with taditional enegy souces. The efeence pice fo white eflecting sufaces is the cost of paint, maked up of 0% to include the labou cost necessay to poduce and efficiently opeate the sufaces. The compaison is shown in Table. Table : Compaison of avoided CO eq emission costs between diffeent enewable souces and the white eflecting technology. Technology Avoided CO eq costs c /KgCO eq Ribbon silicon 59.0 Photovoltaic mono/multicystalline silicon 60.5 Themal sola (flat collecto) 0.0 Wind geneato.8 Hydoelectical.6 Reflecting suface made by lime paint 4.0 Reflecting suface made by vinyl acylic paint 5.0 Thus, the use of eflecting sufaces can be an impotant altenative to compensate fo geenhouse gas intoduction in the atmosphee. With a pice anging fom 5.0 c /KgCO eq down to 4.0 c /KgCO eq such a technology shows eduction costs in line with the most affodable enewable souces, with the added advantage of simplicity educed installation time. Such featues makes this technology paticulaly suitable fo counties whee highe levels of insolation make the system even moe effective and valuable in tems of avoided CO. A suface installed in a Sahaan deset aea is expected to have an effectiveness -4 times highe than an equivalent suface elsewhee. Theefoe, a coopeation eseach poject is going to stat among Italian eseach centes (CIRIAF Inteunivesitay Cente on Pollution fom Physical Agents, CRC Climate Reseach Cente, CRB Biomass Reseach Cente, IPASS Consotium fo Envionmental Engineeing and Sustainable Development, CETMA Cente fo Design and Technologies of Mateials) and Tunisian scientific and opeative agencies in ode to test the suitability of the poposed technology.
                                            

                                            3 Intenational Confeence CO Summit: Technology and Oppotunity Vail, Coloado June ANALYSIS OF GLOBAL WARMING MITIGATION BY WHITE REFLECTING SURFACES Fedeico Rossi, Andea Nicolini Univesity of Peugia, CIRIAF Via G.Duanti, Peugia, Italy 1
                                            

                                            4 Intenational Confeence CO Summit 6-10 June 010, Vail BACKGROUND IPCC Fouth Assessment Repot say that Eath s aveage tempeatue incease is due to anthopogenic causes. Appoaches to tackle Global Waming ae aimed to pevent CO elease into atmosphee These methods ae also suppoted by ecent policies as: Emission Tading Scheme (ETS) Kyoto Potocol Euopean Pogamme Ae thee complementay appoaches to tackle Global Waming? F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy
                                            

                                            5 Intenational Confeence CO Summit 6-10 June 010, Vail The answe may be found in the Eath themal balance. AVERAGE AVERAGE % 198 An impotant ole is played by Eath Albedo = shotwave enegy eflected by the Eath towads oute space. F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy
                                            

                                            6 Intenational Confeence CO Summit 6-10 June 010, Vail An incease on Eath albedo coesponds on Eath tempeatue decease. The poposal is to atificially slightly modify Eath albedo in ode to compensate Eath tempeatue incease due to Global Waming To make it viable and contollable 1. A pope themal balance model has been fomulated which links Eath albedo to Eath tempeatue. A pope elation has been also poposed which links Eath albedo to CO concentation vaiation F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 4
                                            

                                            7 Intenational Confeence CO Summit 6-10 June 010, Vail MODEL SCHEME p Shot Wave Oute space Long Wave (Infaed) w1 w' q1 q' Atmosphee w w q q w w q q w w q q ' ' 1 1 Eath's suface Enegy balance (both in shot and long wave spectum) is govened by: w q w q C Eath dteath d C atm dtatm d (Eath) (Atmosphee) F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 5
                                            

                                            8 Intenational Confeence CO Summit 6-10 June 010, Vail MODEL MOTHER RELATIONS w w q q w w q q ' ' 1 1 C atm dtatm d (Atmosphee) w q w q C Eath dteath d (Eath) Eath suface (C Eath ) and atmosphee (C atm ) heat capacities epesent equivalent heat capacities because only a potion of each body takes pat to enegy balance. Detemination of C Eath and C atm has been caied out by calibating the model with the climatic data epoted by the Fouth Assessment Repot by IPCC. F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 6
                                            

                                            9 Intenational Confeence CO Summit 6-10 June 010, Vail MODEL OUTPUT By consideing a steady state condition: T Eath (Eath tempeatue) may be attained by the following elation: T Eath (t 0 t 1 1 t t [ 0 ( 1) [ 0 t ( t 1) 1 1 ( 1) t t )] 1 ( 1)] 1 0 infaed Eath s suface absoption coefficient infaed atmosphee eflection coefficient infaed Eath s suface eflection coefficient Stefan-Boltzmann constant infaed atmosphee tansmission coefficient 1 incoming sola flux (4 W/m ) atmosphee eflection coefficient in the sola spectum Eath s suface albedo in the sola spectum atmosphee tansmission coefficient in the sola spectum t As you can see, T Eath depends on (Eath Albedo) which is atificially and impactless modifiable. dt d Eath Sensibility of T Eath to albedo F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 7
                                            

                                            10 Intenational Confeence CO Summit 6-10 June 010, Vail Eath tempeatue aveage incease since peindustial ea to the pesent day is 0.67 C (IPCC Fouth Assessment Repot). Albedo modification can poduce a 0.67 C eduction in Eath aveage tempeatue The poposed model shows that the aveage absoption coefficient of Eath suface a (= 1- ) in shotwave spectum is to be educed fom: to 0.84 (a ). F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 8
                                            

                                            11 Intenational Confeence CO Summit 6-10 June 010, Vail If albedo modification is achieved by atificial laying high albedo sufaces (albedo = 0.9), the equied aea S is given: S (a a ) S 1 a T a Eath s suface absoption coefficient in the visible spectum a Eath s suface absoption coefficient in the visible spectum modified by laying white eflecting sufaces S T atificial suface albedo extent of Eath s suface S is (This is oughly the aea of USA) F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 9
                                            

                                            12 Intenational Confeence CO Summit 6-10 June 010, Vail To elate tempeatue incease to CO concentation vaiation, the following hypothesis has been consideed: CO concentation incease since peindustial to the pesent day is the only cause which yielded the Eath tempeatue incease tcoeq (COeq total mass incease) C ± 0.18 C (Eath tempeatue incease) (By IPCC Fouth Assessment Repot data) CO concentation incease 80 ppm > 80 ppm (pe-industial ea) (today) F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 10
                                            

                                            13 Intenational Confeence CO Summit 6-10 June 010, Vail TheHighAlbedoSufaceaeaS eq equied to offset the effect of intoducing in the atmosphee 1 ton of CO eq has been obtained as follows: S eq S CO eq m tco eq 7.6 m tco eq S = High Albedo Suface aea equied to offset a 0.67 C Eath tempeatue incease. CO eq =CO eq total mass incease fom peindustial to the pesent day In tems of Radiative Focing, a dop of 0.8 W/m is obtained fo each 10 6 km of sufaces with 0.9 albedo. F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 11
                                            

                                            14 Intenational Confeence CO Summit 6-10 June 010, Vail SOLUTIONS AND APPLICATIONS HOW TO ARTIFICIALLY MODIFY ALBEDO? 1. Whitening teatment of industial building oofs. Whitening teatment of highways and paking aeas. Reactivation of unused salt lakes 4. Installation of new saltwoks in low value aeas (industial aeas o petochemical sites on the coasts 5. Plantings of species with paticula chomatic popeties 6. Atificial white eflecting floating islands (Italian patents PG006A0086 and PG007A0009) F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 1
                                            

                                            15 Intenational Confeence CO Summit 6-10 June 010, Vail ALREADY CERTIFIED EXAMPLES A typical eflecting painting ealized on silos (Peugia, Italy) Reflecting coveing of a Total Sevice station (Fioenzuola, motoway A1, Italy) F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 1
                                            

                                            16 Intenational Confeence CO Summit 6-10 June 010, Vail AVOIDED CO EMISSIONS (COMPARISON WITH RENEWABLE SOURCES) Technology (CO eq Emissions) Ribbon silicon (5 gco eq /kwh e ) Photovoltaic mono/multicystalline silicon (45 gco eq /kwh e ) Wind geneato (6 gco eq /kwh e ) Hydoelectical (15 gco eq /kwh e ) Themal sola (flat collecto) (0 gco eq /kwh t ) Refeence Technology (CO eq Emissions) Combined cycle gas tubine (400 gco eq /kwh e ) Boile stoked with natual gas (0 gco eq /kwh t ) Avoided emissions gco eq /kwh Technology Avoided emissions kgco eq /m White Reflecting Sufaces (0.9 albedo) 10 F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 14
                                            

                                            17 Intenational Confeence CO Summit 6-10 June 010, Vail TECHNICAL ECONOMICAL EFFECTIVENESS The mentioned tables do not immediately allow compaison of enewable enegy souces with white eflecting technology in tems of avoided CO,as the fome ae systems to poduce enegy wheeas the latte is a system to mitigate Eath aveage global tempeatue. A compaison method is poposed, based on the cost equied to avoid the same amount of eleased CO eq. C CO CP E FR FF CP E FR FF c kgco eq CP FR CP FF E FR E FF Enegy unit poduction cost fo enewable souces [c /kwh] Enegy unit poduction cost fo taditional souces [c /kwh] CO eq emissions with enewable enegy souces [kgco eq /kwh] CO eq emissions with taditional enegy souces [kgco eq /kwh] F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 15
                                            

                                            18 Intenational Confeence CO Summit 6-10 June 010, Vail TECHNICAL ECONOMICAL EFFECTIVENESS Avoided CO eq Technology costs c /KgCOeq Ribbon silicon 59.0 Photovoltaic mono/multicystalline silicon 60.5 Themal sola (flat collecto) 0.0 Wind geneato.8 Hydoelectical.6 Reflecting suface made by lime paint 4.0 Reflecting suface made by vinyl acylic paint 5.0 F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 16
                                            

                                            19 Intenational Confeence CO Summit 6-10 June 010, Vail CONCLUSIONS Albedo Contol can be an impotant complementay method to compensate geenhouse gases effect on Eath tempeatue because of: - Lowe costs (4-5 c /KgCO eq ) than enewable enegy souces fo avoiding thesameco effect; - Easiness and shot time fo installation; - Oppotunity fo counties whee highe levels of insulation make the system even moe effective and valuable in tems of avoided CO ABCD RESEARCH PROJECT (Albedo Building geen Contol of global waming Desetification) A coopeation eseach poject is going to stat among Italian eseach centes and Tunisian scientific and opeative agencies. The poject main pupose ae: -veify and cetify the pefomances of the poposed technology; - include Albedo Contol method into ETS system F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 17
                                            

                                            20 Intenational Confeence CO Summit 6-10 June 010, Vail FOR MORE INFO albedocontol.com F.Rossi, A. Nicolini, CIRIAF Univesity of Peugia, Italy 18
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