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From Green Building to Eco-City—Approaching Healthy, Thermal Comfort and
Climate-Adapted Urban Environment through Energy Conservation and Heat Reduction
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Abstract

With the expansion of urban heat island effect on a global scale, our living environment
has deteriorated substantially over the last decades. The deterioration is manifested, in the
outdoor environment, by the rapid reduction of thermal comfort and the increase in health risk
from excess ultraviolet light (UV) radiation and, in the indoor environment, by the loss of
thermal comfort and air quality followed by a gradual increase in energy consumption. Such
issues were not considered in the previously established green building evaluation system, but
are now critical to the success of our nation’s policy in urban planning and
management—constructing “ecological city (eco-city)”” on the foundation of “green building.”
The overarching goal of this integrated research Program is to develop a conceptual model for
a climate-adapted urban environment that incorporates the elements required to achieve a
healthy, thermally comfortable, energy-conserving, and heat-reducing environment.

The individual Projects proposed in the Program each pursues a unique theme and adopts
different strategies, yet shares the same Program goal. At the front of identifying parameters
capable of affecting urban climate, Project 4 investigates the influences of land use on the
heat island effect, and then, Project 3 and Project 5 simultaneously, from the perspectives of
micro climate management, examines the effects of urban block, shading level, and building
material on mitigating the urban heat island and enhancing thermal comfort, whereas Project
2 identifies the appropriate pre-clinical warning system for excess solar UV radiation and
evaluates the efficacy of commonly used personal protective equipments so to explore how
individuals as an element may interact with the environment. Besides, Project 6 also
investigates the influences of green roof on the micro climate nearby building and on the
effects of improving thermal environment. Equally important are the Projects to be conducted
in the indoor surroundings to investigate the possibilities of establishing an environment
better for living without excessive energy expenditure. At this front, Project 1 characterizes
the thermal properties present in a building envelope and how these elements may interact to
drive the use of air-conditioning and thus the approach for energy conservation.

In Project 1, the result in first year shows that building envelope designs influence
human thermal comfort, and energy consumption further. In the controlling simulation based
on thermal comfort, the energy consumption of air-conditioning could be reduced by the way
of adjusting constant-temperature control. The result in the second year shows that schools
could increase conditions of air conditioning operation for saving the electric bill and keep the
thermal comfort in classrooms at the same time.

In Project 2, the result indicates that SBFC, TEWL, and skin-temperature would change
in accordance with environmental temperature. Besides, sun scream can effectively generate a
separation of direct-contact between the skin and outdoor thermal environment. The result in
the second year shows that E-index is a better skin-physiology index to warn the damage
produced by the acute UV rays radiation, and the suntan lotion can separate the skin from
outdoor thermal environment effectively.

In Project 3, the result shows that more and more people are assembled as higher
thermal-index in the shadow in cool season; the correlation between Ta and population is
indistinct, and there is a most significant correlation, 0.81, between PET and population, as
the PET is about 25.2 °C. The result in the second year shows that the predicted percentage
dissatisfied is higher as the comfort range of the thermal comfort index is increasing or
decreasing, and the amounts of people in parks is reducing at the same time.

In Project 4, the result indicates that the area proportion of building factor is the most
significant correlation, 0.84, to cause the urban temperature increasing; and the area
proportion of unused-land factor is the most significant correlation, 0.84, to reducing



environmental temperature effectively. The result in the second year shows that plants can
mitigate the high temperature occurred every time, and the water factor has a negative
correlation with air temperature, the r value is almost to -0.614.

In Project 5, the result shows that the case of setting up canopy in walking area can
improve the space continuity of both east and west sides in the pavement at noon; the case of
planting vegetation can improve the space continuity of east and west sides in the pavement
all day. Besides, it is not enough that only using shadow-grade to discuss the continuity of
shadow-time, and also regarding the amount of accumulation each hours in the pavement. The
result in the second year shows that the wind direction of monsoon is effected by the pattern
and the configuration of buildings in different height, and we can obtain the outcome of the
micro-climate urban design by controlling the dimension and arrangement of buildings in the
scale of Green-TOD.

In Project 6, the result indicates that the air temperature at every altitude under the green
roof is lower than the non-green roof, and the effective at night-time is always better than at
day-time. Besides, the effective of the green roof cooling thermal environment is more
obvious than the non-green roof. As far as MRT goes mean of falling rage all-day reaches to
2.6% (0.8°C), and falling rage of SET™ reaches to 2.6% (0.7%). The result in the second year
shows that the green roof could contribute to improve the indoor thermal comfort, and the
green roof can save 5.9% electric consumption rather than the traditional roof by simulating
in the cooling classroom in summer.

This Program when approved and successfully completed are anticipated to significantly
increase our understanding in ways to lessening the urban heat island effect, reducing the
energy consumption by air-conditioning, and promoting a healthy living environment. A set
of integrated criteria for determining the elements, methods and guidelines required in
evaluating future eco-cities may also be established, facilitating the movement of the already
successful green-building policy of our nation into one that aims for an eco-city-based
sustainable community.

KEYWORDS: Eco-city, green building, urban heat island, building energy conservation,
health and thermal comfort
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# 2. % Fadp b S B

Parameters Values

Area 215 m*

Dimensions and height | 8mx24 m; ceiling height 4.8 m

Orientation South facing

Wall Typical 100 mm concrete wall; U-value= 3.52 W/m?-K

Roof Typical 150 mm concrete slab with 30 mm polyurethane
and steel tile; U-value= 0.84 W/m?-K

Glass facade Window Wall Ratio=0.72; Single glazing with U=6.47

W/m?K and SHGC=0.680; 2.4 m in depth of overhang
extending from the pitched roof

Internal load Light=15.0 w/m?, occupancy= 0.2 person/m?;
appliance=10 W/m?

Operating hours All days: 08:00-18:00 h

HVAC Spilt unit system; COP=3.5

Multimedla
Briefing Raon

4. Bkt % bl R RS T G e B
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abbreviated U-value
No glazing type name transmittance  absorbance SHGC  (W/m?-K)
1 clear 6 mm clear 0.78 0.15 0.765 6.466
2 tinted-blue 6 mm® blue 0.64 0.30 0.680 6.472
3  Tinted-bronze 6 mm bronz 0.48 0.47 0.592 6.474
4  filmon clear 6 mm film-1 0.50 0.19 0.511 4,256
5 filmon clear 6 mm film-2 0.40 0.31 0.447 4.384
6 reflective 6 mm reflec 0.33 0.21 0.375 4.301
7  low-e 6 mm loe-1 0.32 0.42 0.390 4.275
8 low-e 6 mm loe-2 0.23 0.52 0.326 4.337
& all of the values listed above were from manufactures and SHGCs were calculated by WINDOW
5.0[23]

®  the glazing type used in actual

2-1-3 ¥ % 8itHh

(L)ENVLOAD i 4= ¢ # 43 1+

EIHF 2 6 bt b At BIEMH B g BRAT Ehm g 13 S o
A BT BT ENVLOAD » 4 4rit 42 fe how 5B B 5 o & 4 H 4
ENVLOAD :hgk & Hi% (84.3 KWhmP-yr) FJ& ~ (149.7 KWh/m2-yr) s +c ¢ 5 i
By FE Ao low = H 4 7 8% e 34 9% 0 & Wl pEE M3 ] i ENVLOAD % 56.95
KWh/MZ-yr S5 7 35 1% 0 i 4540 low & 9] 5 159 e 4496 = 4o “5 7% » 7 2t A 74
R R PR LY Ry

4, 5 B 2 ENVLOAD ~ #4250 ~ g

glass WWR SHGC overhang ENVLOAD lotal energy use
type m KWh/m?-yr h (%) kWh (%)
Current situation (base case)
1 blue 072 0.680 2.4 84.4 2781 (100) 10642 (100)
Changing glazing type
2 clear 072 0.765 2.4 92.9 3176 (114) 10942 (103)
3 bronz 0.72 0.592 2.4 77.6 2813 (101) 10384 (98)
4 film-1 072 0511 2.4 71.1 2599 (93) 9949 (93)
5 film-2 0.72 0.447 2.4 66.2 2375 (85) 9652 (91)
6 reflec 072 0.375 2.4 60.5 2066 (74) 9271 (87)
7 loe-1 0.72 0.390 2.4 61.9 2187 (79) 9425 (89)
8 loe-2 0.72 0.326 2.4 57.0 1562 (56) 9058 (85)
Change glazing area
9 blue 036 0.680 2.4 60.7 2716 (98) 9615 (90)
10 blue 048 0.680 2.4 68.6 3163 (114) 10287 (97)
11 blue 0.60 0.680 2.4 76.5 2907 (105) 10377 (98)
12 blue 036 0.680 0.0 93.4 2735 (98) 9674 (91)
13 blue 048 0.680 0.0 112.2 3189 (115) 10336 (97)
14  blue 0.60 0.680 0.0 131.0 3578 (129) 10951 (103)
Changing the depth of overhang
16 blue 072 0.680 0.0 149.8 3740 (134) 11529 (108)
17 blue 0.72 0.680 1.2 106.9 2918 (105) 10753 (101)
18 blue 0.72 0.680 3.6 73.1 2502 (90) 10350 (97)
19 blue 0.72 0.680 4.8 66.3 2411 (87) 10258 (96)

a the percentages in the brackets are relative to the base case
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air temperature, C
(]
S
air temperature, 'C

1- Sep 2-Sep 3-Sep 4-Sep 5-Sep 27 =i he—— t =1
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B5 9% 1p 329" 5p 3HERKIIN2UCEEFEIANE R RPEFL IrRIEE
AL EVR a) 2020 b)EHT

#5. o Rt & 7 BREAg IR & PMV dp R
Set-point of room temperature

PMV 24 °C 25 °C 26 °C

index net surface net surface net surface
-1.0--0.7 3 5 3 4 0 3
-0.7--0.5 8 21 5 10 17 8

-05--02 111 211 17 31 82 17
-02-+40.2 562 1406 207 536 185 79
+0.2—+05 928 40 552 1085 349 616

+05-+4+07 71 - 698 16 529 891

+0.7 —+1.0 - - 201 - 503 66

+1.0 +15 - - - - 18 3

+1.5-+2.0 - - - - - -

% outside the comfort category A, B, C and resultant comfort class
A 67% 16% 88% 68% 97%  95%
B 5% 15% 54% 18% 84%  58%
C 0% 0% 12% 0% 63% 4%

class i I [\ I v \%
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