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Summary

The project, Research of Energy Efficiency and Carbon Emission Reduction
of Cool Roof in China, aims at quantifying the method of calculating energy
efficiency and CO, emission reduction of cool roof in urban regional of
China, and providing the theory and data support. Firstly, we plan to
search for a method which has been widely accepted through
investigating and analyzing the existing calculation methods of cool roof
energy efficiency and CO, emission reduction in the world, and get one
that is suitable for the urban regional conditions in China, considering the
comprehensive effect of climatic and environmental factors in China.
Secondly, we will evaluate the effect of energy efficiency and CO,
emission reduction of existing practice in typical cities of China, and
compare it with the green roof and solar photovoltaic roof, and also
analyze the value of its popularization and application in various cities in
China. Thirdly, we also want to draw up a calculation software of energy
efficiency and carbon emission reduction, which can be applied for main
cities in China and used as a calculation tool for popularizing the cool
roof.

(1) Investigation of calculation principle and method of cool roof CO,
emission reduction which used in foreign countries

In the aspect of investigation of foreign calculation principle and
method, we widely collected data and gathered materials from papers and
reports published in the academic journals and conferences. Especially,
we carried out a full translation of papers which have been recently
published by Menon and Akbari etc from Lawrence Berkeley National
Laboratory, and a textual research into the data cited in these papers, and
also we understood the related calculation principle and method which

has been used in these papers.



Cool roof CO, emission reductions includes equivalent CO,
emission reductions that comes from enhanced solar reflectance and
direct CO, emission reduction that comes from energy savings. The
principle and method of direct CO, emission reduction, that is computing
the reduced building energy consumption through building energy
consumption simulation according to the local CO, emission level per
unit energy consumption, are simple, while the principle and method of
cool roof equivalent CO, emission reduction are relatively complex. This
method is based on the principle that both of decreasing of surface solar
reflectance induced by human activities and the increasing of atmospheric
greenhouse gas concentration can result in the increasing of surface.
Consequently, we can deduce that increasing the surface solar reflectance
will induce the decreasing of radiative forcing, and thus offset some
increasing of radiation intensity resulted from CO, emission. The
relationship of surface solar reflectance and radiative forcing can be
discovered by general circulation model(GCM) simulation or empirical
formula calculation. Study on the relationship of atmospheric CO,
concentration and radiative forcing has been mature, and there are
accurate related data. So, in order to calculate the equivalent emission
reduction of cool roof, we can establish the equivalent relationship of
surface solar reflectance increase and atmospheric CO, concentration
decrease based on the same variation of radiative forcing.

(2) Investigation of basic data of main cities in China, including
climate, energy source composition and air quality etc.

These data refers to climate, energy source composition and air
quality etc, that are the base of computing CO, emission reductions as a
result of using cool roof. For this reason, we consulted the relative
administrative departments and scientific research institutions, and got
the statistical data of solar radiation, temperature, rainfall, cloudiness,

energy production, energy consumption etc of 15 typical main cities in
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China, such as Beijing, Shanghai, Chongqing, Nanjing, Guangzhou,
Shenyang, Fuzhou, Wuhan, Nanning, Kunming, Chengdu, Xi'an, Lhasa,
Urumgqi, Haikou etc.
(3) The comprehensive calculation method of CO, emission reductions
of cool roof

Following the example of foreign countries, both of equivalent CO,
emission and direct CO, emission are considered in China when
computing the CO, emission reductions of cool roof. And the building
energy consumption simulation technology can be used to compute the
reduced energy consumption of cool roof, thus the converted CO,
emission reduction can be got by reference to the local CO, emission
level per unit energy consumption.

The equivalent CO, emission reductions of regions where the cool
roof has been realized in an all-round way can been computed by
reference to the relationship of surface solar reflectance and radiative
forcing that comes from the simulation of foreign general circulation
model(GCM). The equivalent CO2 emission reductions of a specific city
can be computed by reference to the relationship of surface solar
reflectance and radiative forcing, that is a empirical formula proposed by
Akbari etc.

(4) The evaluation of equivalent CO, emission reduction potential of
cool roof in Urban Built-up Area of cities in China

According to the Urban Built-up Area provided by ( China
Statistical Yearbook 2010) , we can estimate that the area of roof in
Urban Built-up Area is about 8x10° m”. The appearance color of roof in
Urban Built-up Area of our country is mostly dark. The average surface
solar reflectance is about 0.2. And the average surface solar reflectance
can increase 0.6 by painting heat insulation coating on the roof. The
surface solar reflectance increase 0.003, then the surface average

radiation forcing will decrease 0.5 W/m?, and the equivalent relationship
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of CO; increasing in gas and surface radiation increasing will be 0.91
kW/ (t CO,). Based on the data above, we can get a fact that the surface
radiation will decrease 100 kW which offset 110 t CO, in gas, as long as
the surface solar reflectance of 1000 m” cool roof increase 0.6. Because
55% of CO, emission will remain in the gas, this equals to offset 200t
CO, emission. The increasing of surface solar reflectance of roof in
Urban Built-up Area by 0.6 equals to offset 8.8 X 10% CO, that remains
in the gas and 16X 10* CO, emission. According to the existing EU CO,
emission trading price(16 £ /t), if the surface solar reflectance of all roof
in Urban Built-up Area increase 0.6, we will get £256 or ¥ 2090 Yuan
RMB environmental benefit of CO, emission reductions.
(5) Energy-saving potential simulation of cool roof in typical cities
We computed the energy consumption level of cool roof (absorption
coefficients of solar radiation is 0.2) and ordinary roof (absorption
coefficients of solar radiation is 0.8) in Beijing, Nanjing, Guangzhou, and
the results show that compared the ordinary roof whose color is dark, the
cool roof can reduce the energy consumption dramatically, although the
heating energy consumption of roof increases slightly. Consequently, the
energy-saving effect is good that the annual energy consumption will
decrease dramatically. The decrement of annual energy consumption per
unit area in Beijing, Nanjing, Shanghai are 7.5 KWh/m?® 6.7 KWh/m?,
14.1 KWh/m® respectively, which resulted from the using of cool roof.
(6) The evaluation of CO, emission reduction potential in typical cities
We still choose Beijing, Nanjing, and Guangzhou as the typical
cities as typical examples. The direct CO, emission reductions per 1000
m® cool roof in three cities are 5.8 t/a, 5.2 t/a, 11.0 t/a, according to the
simulation results of energy consumption. The relationship of surface
solar reflectance and radiative forcing in three different cities can be
determined by empirical formula which is proposed by Akbari etc in

2009. And the equivalent CO, emission reductions per 1000 m* cool roof
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in these three cities are 28t, 56t, 131t respectively. The comprehensive
CO, emission reduction potential per 1000m? cool roof in these there
cities are 86t, 108 t, 241t during the entire life cycle(tentative estimation
is 10 years) of cool roof.
(7) Analysis of promotion potential of cool roof in typical cities
Evaluate the environmental benefits of cool roof in the typical cities
and compare the environmental benefits and costs of PV-roof, green roof
and cool roof in the typical cities of different weather zone. Among the
three kinds of roof, the cost of cool roof is lowest, about 2% of PV-roof
and 25%~50% of green roof, but its environmental benefits is higher than
green roof and about 10%~18% of PV-roof. So the cool roof has great
promotion potential in main weather zone in China.
(8) Development of environmental benefits calculation software of
cool roof in China
For the environmental benefits of cool roof in different weather zone
in China, we have developed a software to calculate the environmental
benefits of cool roof in China, providing a calculation tool for different

cities to promote cool roof.
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4 hEREEARBHEE 19

7 R R B R HE P AR AN T — R B IR BRI R
T A BH e S B, 90 3 R o S g Rl CORBR LR AR S AR RUR
SFRIRARAT ) AT R RAR A 55m3E, AT AR CO, HES i i
HuARER S oA B, TS RORHE COy; R4 R I T LU 2 %
R R B s, PRIREFERERE, M A R 2 e
USRI HE, AT B AHE CO,. ¥4 2 TH 22 THI K PH S 5 B 1 5 1) 45 234
il R AT 3R S22 T = A A 1) L 32 Dl HE A 1 o % S22 T ) sk RO
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4.1 REBFH CO. AR 1571

FH T~ 4 [ AS [ 4 X Hb B A S A BOR ZE 01, e ) A2 K BH 4 37 9
R =R IANE, 6 Hi R oK FH B o bl G o 55 4 S o 18 I AR 40 R R
M AR o AT DAAR % 25l [X K BH 48 59 5 B2 R 2 B 40 v 42 1E 3 DK FH
St be g g S AR g s AR AL e &, ik 4.1-1.

ARF = Ix %Ao (X 4.1-D

ARF: 13 K BH S B 5] % i b 2248 5 5 s, W/m?s

I: 3B AR BHFE S 58, W/ m®;
C: FHnE, %;

p: HUFERBH S L IR 5

Ap: HUERIKFH SR G -

DAL, FEE TG, dR R = AN A T A 1000 m?
BT M OARRH ST 0.2 T4 0.8, BV THR M A BH S 5 bb 1 53
0.6 HIEERR I HF = WIER 4.1-1 s

F 4.1-1 FRE PRI T R TS 1 5 55 4% CO, IR AF &

FEH)RKFH H 55 ARF wy/ | 1000 m? B TH 5T

T =R/ % _ . o
LA W/m SEHRSEY CO, I
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MJ/(m**d) e/t
Jb3 72 11.1 14.0 28
25 61 11.7 28.0 56
7N 45 14.2 65.4 131

/f a: )%Eﬁ%ﬁi(ﬁﬁﬁ%ﬁtlﬁﬂ% 0.60
b: HHERIETHESZ MW AR 1971~2001 FERS % 5011HE B
c: HdE v 2 @ R RS R IR SR A

4.2 REEREE Co. BHEB NI

MRYEAS S J2 T J2 T2 53 368 == 10 == 1002 1 R RE AL (1) v B &5
B, PR 1 kWh FEHL B S HAE 0.33 kg ARiERE, 1t bRvEBEHEL 2.36 t
CO, 5, mLIEHIEE . Bal. [N = B i R A= T E
REFEEEE CO, kiR, Wk 4.2-2 fin.
2 4.2-2 T E IR TTA R I K256 CO, JRHEE

1000 m? /2 [ S 5 18 5
o IS5 = (RS
His X B CO, iHEE/ (v
KWh/ (m**4F)
)
b 7.5 5.8
BRI RHESCR | M 6.7 5.2
7 14.1 11.0

T IR I A FH B EE TR 0.6

4.3 XEAENEZE COBHEE N

B B 53 CO, JHFE AN EH 3 CO HFES I, Bpn 153
B REMSEE CO AR /1. tnEk 4.3-3 Fias.
* 4.3-3 FWE M TTA R ZEE CO, JlHERE /)

His [X 1000 m* 12 | 1000 m* BT S8t | 1000 m® 2 1 e S 1 5
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FHBERZER CO, | Wik B CO HE | Em AR (105 W
HER /t B/ (W) ZEE COL P HE & 1t
Ik
N 28 5.8 86
R
AR
|
LREW | 56 5.2 108
R
Hed R
-
" 131 11.0 241

T IR I A FH B EE T 0.6

4.4 ZEWHERXRERENFH CO, mHT

tRIE (2010 FEHEGHHES) REW M ERX (PR L #B
LR BRI RS THIECA I BEREAT A JE St A B & X ) T
N 38107 km®, i ¥ HhE A A 38727 km®. ¥ Akbari
SEIGE e, S X R 60% T AR Y B TRAE 4, P LA
5 20~25%F1 29~44%. FEULAES, H R E X # R
THHEARZ1 5 8%x10° m?,

TR 3k i X428 T ) %A T 22 TR €, T RA 3R T K P S B T
0.2 fif. JEITAE R TR v € iR LR B ARl ) B v € i A 3t
RTEGE, “FHFRE A RSB R 0.6 A4 . LR KM
ST EETEE 0.003, M P IHR s sRA /N 0.5 Wim?; KA CO, 1
B L AR B S R A 0.91 KW/ t CO, [EEE it B uE
(Menon £ (2010) ) , M4F 1000 m? J2 T2 [ A FH 5 e T e
0.6, I FE4E B BT 100 kKW, ZR T KSES 110 t 1
COy, B CO, HiE R 55% B KRSZH, WO 2T 3R HEAL
200 t ] COs.

e [ 3 T g ol X S = T 2 T A B S S LR v 0.6, SRR T KT
KSZET 8.8 14t 111 COy, A THLIHHEKL 16 12 t 1) CO,o FZHRRK
WIUATBRHENCE Gk 16 BT/t 115, A E i 8 R X Rz %
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