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ABSTRACT

Keywords: Rainwater harvesting, industrial development, building information

management (BIM)

Taiwan has abundant rainfall but with large population and uneven distribution
of rainfall. Average annual rainwater per capital in Taiwan is one-sixth of the world
average value. Therefore, Taiwan is treated as a water-deficient country listed by the
United Nations. That is the reason that water saving is listed as requirement in the green
building evaluation system. The water resources index in green building evaluation
system requires the use of water-saving labeling appliances in all buildings. For those
so-called "large water consumption projects" such as jacuzzi, swimming pools and
large-scale artificial turf, rainwater use and waste water reuse/recycle are required and
treated as compensation methods to reduce city water use. The water resource index is

the required index in the Building Technology Regulations.

The Article 4-3 in design and construction section in Building Technology
Regulations requires that for newly built, expansion and innovation buildings are
required to equip with rainwater storage facilities for urban flood control. Along with
economic development and climate change, water resources gradually become shortage
and because environment protection incentive, it is difficult to develop new water
sources. In recent years, Water Resources Agency, Ministry of Economic Affairs has

revised the water law to include rainwater use as one of the major new water sources.

The period of this research project lasts for ten months. The purpose of the
research is to complete the Green Building Rainwater Catchment Systems Module
Design Manual (Draft) on the basis of the project of the “Modification of Existing
Rainwater Storage and Utilization Systems” completed in 2017. The other purpose is

to discuss and analyze the development environment and development trend of
XIX
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rainwater storage and utilization industry in the future. A large number of data can be
gathered from market research including national statistical data from industrial
bureaus, related associations, related publications at home and abroad, and professional
research units of rainwater harvesting and utilization system. In addition, the
application of the Building Information Management (BIM) can assist in the
completion of the information interface module and architectural component model
construction of related systems and further complete the establishment of related
database. Therefore, this research tries to development BIM technology in designing

rainwater storage and utilization system.

Contents of the research include following eight items:

1. Define the content of rainwater storage and utilization industry.

2. Collect relevant information on water resources at home and abroad and the

development of rainwater storage and utilization system industry.
3. Compare market survey methods for rainwater storage and utilization industry.

4. Comparative analysis of the development of the domestic and international

development of the rainwater storage and utilization system industry.

5. Domestic rainwater storage and utilization system industry development trend and

policy analysis.

6. Analyze and integrate the parameters required for each interface of the rainwater
storage and utilization system and study the parameters of the construction system

and the parameters.

7. The analysis tool integrates and links the building information component model

(Revit) interface to establish a cross-system integration application process.

8. Develop policies for the development of domestic rainwater storage and utilization

system industry.
XX



This project major findings:

1. Rainwater storage and utilization system industry development trend analysis and

policy initiated

This study conducts data collection through market survey to assess the
development trend of the rainwater storage and utilization industry. Selected
experts from each field can fully understand the development status of the
rainwater storage and utilization industry, market advantages and disadvantages
and future prospects development of rainwater storage and utilization industry.
With this information, the comprehensive develop suggestions and promotion of

rainwater storage and utilization industry strategy can be obtained.
2. Establish the rainwater storage and utilization facilities and equipments data base

There are five categories of products for rainwater storage and utility system:
water collection facilities, water storage facilities, water storage facilities, water
delivery facilities and power facilities. Relevant information required for each
facility are collected and filed including: the relevant domestic production items
including equipment/product classification, manufacturer data, equipment
requirements and main design parameters and photos of facilities. With this
information, a database using Excel format is developed which will be used for
subsequent parameterization construction in the construction of "Revit BIM"

technology components.

3. Set the rainwater storage and utilization equipment "Revit BIM" technical

parameterized content and component construction principles

The source of the Revit BIM technology component model in this study is
mainly collected by the existing component model files in the current market or
by the self-component model. The self-component model is drawn by the general

model. The study finally completed the component model including the model
XXI
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construction type, identification data, geometric information, behavior data,
explicit data, component automatic calculation parameters (non-design

parameters) and other related content.

4. Establish the Revit BIM component model database construction for rainwater

storage and utilization equipment

Complete the Revit BIM related model component database of various

rainwater storage system equipment units including:
(1) Water collection facility: 5 types of component are completed.
(2) Water purification facility: 34 component types are completed.
(3) Water storage facility: 29 component types are completed.
(4) Water delivery facility: 49 component types are completed.

(5) Power facility: 5 component types are completed.

5. Complete the Green Building Rainwater Storage and Utilization System Module

Design Manual (draft)

Based on the research results of this year and the last year, this research
finalizes the Green Building Rainwater Storage and Utilization System Module
Design Manual (draft) which will provide as reference for rainwater storage and
utilization design. Use the system as a technical basis for promotion and design
planning. The manual consists of six parts: basic information, system planning
and design, product and equipment information for each unit, operation and

maintenance, innovative for rainwater utilization and questions and answers.

Through this research, following immediate to short-term and

middle- to long-term recommendations:

ltem 1

XXII
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Establishing a continuing education and effectiveness promotion program for rainwater

storage and utilization planning and design: immediate to short-term recommendations

Organizer: Architecture and Building Research Institute, Ministry of Interior

Co-organizers: Construction Agency, Ministry of the Interior; Architect,
Architecture, Construction, R.O.C.; Water Resources Agency,

Ministry of Economic Affairs.

Concept of rainwater storage and utilization becomes popular and accepted by
most general public in domestic. But it lacks the professional experts in designing
rainwater storage and utilization systems. It is also short of technical certification
system and project management for rainwater storage and utilization systems. This
results in failure of rainwater storage and utilization systems construction in the past

ten years.

For promoting the system design feasibility and quality of construction, improving
the benefits of rainwater storage systems, establishing the complete design process,
continuing education for rainwater storage systems in planning, design, construction
and O&M is needed. Therefore, in the immediate to short-term period, a series of

continuing education program and measures for green building must be established.

Iltems 2

Application of building information modeling (BIM) in rainwater storage and

utilization project management: middle- to long-term recommendation

Organizer: Architecture and Building Research Institute, Ministry of Interior
Co-organizers: Taiwan Architecture & Building Center

In this year, the facilities and product component models of various modules of the
rainwater storage and utilization modularization system have been established.

However, the overall rainwater storage and utilization project must be set up and
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combined with the corresponding components according to the nature and needs at
various regions. Different types of rainwater system must be combined with the
construction planning and management information modeling to fully express the

content of the engineering design through the building information modeling.

It is also suggested that organization of modularized BIM building information
management project in the rainwater storage and utilization system should be developed
and cooperation with each project to analyze the construction specifications,
construction planning, etc. should be enforced Development a combination of BIM
building information management technology and completed the establishment of a
database for storm water storage system module project management should be
completed. With these results, the efficiency of rainwater utilization engineering design

can be effectively improved; unnecessary expenses can be reduced.

XXIV
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%% 2014 &# C.H, Liaw 2 Y.C, Chiang & %2 HF TP 2. 2 B2 o &
LIAFIBE RALLI AT A IEAIV, P B RALY [R7 I &2
FALal s M2l FdMHEALZLI-ANAIE2 LIV 2 &E
FeOM L [ 245 IDAPTERID 2 B2 MR L2 A5 ETR 0 f 0 X3 E Ak

A RS R E AT A 32 A RH 0 SEEAFETEA KAIERR
FORTAIF BA L 4832 FHAE/E > ¢ B R L 2871 FOH /A

—n\:y

Ry T 5
3302 FAAE/E 0 RINH RS A9 FHE/E P EB R L 99 FHA/E > 2 2
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Unit: (10° m*/year)

Theoretical Potential Available Potential
. Rainfall
Regions Zone Urban Rural Total Urban Rural Total
Area Area Area Area
I 170.66 4537 216.04 131.00 34.83 165.83
North II 20.67 76.61 97.28 14.21 52.67 66.88
II1 50.55 2551 76.06 35.77 18.05 53.83
1\Y 244 .68 3194 276.62 173.96 22.71 196.67
Center I 187.03 153.86 340.90 125.40 103.16 228.56
11 21.31 73.30 94.62 13.18 4531 58.49
I 301.71 4230 34401 203.61 28.55 232.16
South II 5942 65.40 12482 31.18 3432 65.50
I 6.81 87.53 94.34 3.00 38.56 41.56
I 0.57 1.28 1.85 0.34 0.77 1.11
East 11 17.37 9.85 27.22 11.11 6.30 17.41
II 9.11 8.46 17.57 5.69 5.29 10.98
1\Y 27.66 9.96 37.62 14.59 525 19.84
Offshore I 12.97 0.00 12.97 9.15 0.00 9.15
islands 11 0.99 0.30 1.29 0.59 0.18 0.77
Total 1131.51 631.69 1763.20 772.78 39595 1168.73

(F# % © C. H, Liaw, Y. C., Chiang, Water, 6, 3224-3246, 2014)
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10 [E7Ei%-k& *AlK| YPSRO1 7 444w 304
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3 xEkH PVC 41/2~8 4 515
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fith 3-3 RORRFRAIY AL ERRFASREL

xﬁ‘%"'—d

‘ A
B 7 F JE Z 25V 5 osm m
KoL A5 LR A S35 %Q H G4 M s (mm) i(}im)ﬁ TR RM) TR (Kkg/M) |# TR+ (kgflem2)  [H4EH 12(")
‘ (mm)
. s N 18630 ., 18-186 ¢ B} N N
1 |Ag -y | 13600 | pvc |10%0%  q4500 | 187IBE 46 0.144~55.01 25 3/8~24
P 18-630 £ 23~30.7
o ns ) N ) 3 3 N
2 |B§ (-amg) | 13-600 | Pvc |T90%0% 13567 | 28730 46 0.180~88.07 7.5~20 3/8~24
N 3 2 1-609.
o B -
g | FEEEREE |6 600 |HOPE| 6% 255542 | 50 10 1/2~24
(HDPE)= i 0.2-5.40 0.20~4.25
4 | HDPE =i % HDPE | 90+5% 8.2+5% 16
5 | HDPEZ %3 HDPE | 2203901 230-335450 5 800 8~12
. SCH80 4.85~609 4.55~30.94%
6 | UPVC i % | Pve |fons oS 11/4~24
41-P10-04-
. | 0008~41-
7 | crveschao ¢ | P8I | cve| 054-24 | 0.344-22.504 | 0.088-0.687 1/4~24
0600
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SEARCKPFEY LR R RRFY
A 34 RAREFREIT A2 PFFRABASREL
i A& LA PRI AEpE | iEHF | FEMI) | £aCmM | BaCm) | dAEm) | zem) | BRCEm) | £ # (ko)
o 326100(:%)/326101(+ )/326102( | I ¥ * I
£ Wk k7 ; N o ,
1|28 LR AFIRINEA | 00610305 )/3261040K £) | 0 # 7 350 150 310
211701(f ¢ )/211702(F4 | BT
132 A 5
2 CEESET 5 Y211705(14 ) D %) PE 300/500/350 80 | 130/150/150 |  35/40/40 12
326530(%) ¢ 4 ).326531(% 5
s . #)/326510() % ¢ ).326512(% | [ ¥+ 4
Hedrad A & 3 ~ ~ 5~45, ~
3 Firig Al s 5 4)/306505(7) 5 5 3] PE 330~1000 88 161~222 | 36.5~45.5 23~40
4).326506( % F %)/
' ST n T 88~104(3
4 su g la gy | CLI00BGR M 5)) 202 | W2 PE 360500 2080 120-22 36.5-39 20~30
o T3 %)
F 45 A G v b A
5 | 2&1mswlags | SCOHERE *3)/326109( - 2 PE 300 145 62 16
) o ¥ T
e . | T
6 i A S iy PE 80 40 118
] | [T
7 FREE A R 326121(%) ¥ 4 ) D %) PE 300 120 100 40
EEN RN R
8 Rt ST 2122000 ¢ ) | 212201(% L 43 PE 350 124 100 30
¢ ) o A
;g ala | BN PE
9 --*‘lz:J"ﬁ-/ Di_;—rill
, | BT
10 FRP . & 5% gk 5 HDPE 1600 156 65.75
E3
. | BT
11 PP i & % i ki i PP 1300 156 58.8
RN —
12 | PPC & 53 T ki i o j‘ll PPC | 2700-4800 | 208~228 |'°OS19% | 200-243
E3
oA
13 A 4% - Evergreen Lite 7l R IFRS ! e :]I HDPE 300 78 120
z =
. |
14 & 3% - Evergreen ERA R IFERS D A HDPE 475 120 35-39
z =
. . . | [EET
15 A #4 - Little Tree PR AR IERS D ) HDPE 250 105 29-38.5
E3
ool BC TR S A 2N TR SRS b ol B T Y
16 | ®s -Avcado g || W EE */‘Zﬁ; Rl 2 ! :; ;]J HDPE 230~460 105~200 30
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‘If}&ﬁ’:——

L OF oA
4% - Montana il 3] ! :; ;]J HDPE 225 96 136
E3
L OF oA
&35 - Barrique B fi 7] ! o ;]J HDPE 250 105 30
E3
. Y | BT
& 355 - Helena i %453 5 HDPE 300 120 39
B s | [T
A #% - Lugana fE¥g % e HDPE 230~540 112~143 30~40
=
Pt
A 3% - Ambience H 4 7) ! i ;]J HDPE 240~550 112~143 30~40
=
L OF oA
& #i8 - Multitank 7 5% ! o ;]J HDPE 250 79 105 38
E3
L OF oA
& #7% - Maurano 7 5% ! : - j]J HDPE 300 80 118 40
E3
.. . | ERET
& #i% - Noblesse # *£% 5w HDPE 275 79 105 41
B b A
& #;% - Rainbowl 4543 ! i ;]I HDPE 210 120 30
B i |
A #% - Rustico * 4§ 3] T HDPE 275 100 27~39
_ B 7
& % - Timberly * %3 ! o 4.}1 HDPE 200 80 105 30
> E3
L oF oA
& ¥4 - Trentino 14 41 ) ! i - ;]J HDPE 275 100 27~39
E3
s b A
A 3#5% -Jumbo E = 3 ! : - j]] HDPE 800 80 179 60
B b A
A RS R A KRR ! i ;]I HDPE 200~1500 | 810~1385 | 690~1320 | 580~1160 35~75
SN lkljjlj ~ ~ ~,
R TR NS ey HDPE 100~200 585~695 3~45
B3
EES R M) ! . 4.]J HDPE 600~1200 780 45~5
> E3
B3
LR RS ! o m}J HDPE 2000~3000 | 1505~1780 |1445~1690 | 1215~1380 8
ES
[T
ki MH3000X~MH30004 i %;JJ PE 3000~12000 | 170~340 | 170~340 150
S ek o
AR T TSK1000-3 PRE HDPE 3000~8000 3-8 50
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BERARCRRFEAY R B HAEF Y
32 EhSLT k7l SLT200~SLT3000 HDPE 200~3000 | 810~1780 | 690~1690 | 130~580 35~8
L OF oA
33 k(e * ) UL40T ~UL50T ! : - j,]J 40000~50000 6070~6936 255
E3
oA
34 BS %45 fi BS100~BS300 ! g ;]I 100~300 585~810 290~342.5 3~4.5
e e s | , 0.05
35 kg I TR S N 4 i ’;l * Stk 0.3~10 126 31.5~95 o1
o - T, | T , ~ - - _ - 0.05
36 ki AT RERN kA D ¥ * w304 | 0.3~10 120~330 66~190 91~235 31.5~95 o1
B
37 ook 200A~15T230A ] - 3 * 4tk 0.22~15.4 100~360 145~435 26.5~115 0.04~0.12
o 77
b oA
38 BN kg 200B~15T230B ! : - j,]J * it 0.22~15 100~360 108~390 26.5~115 0.04~0.12
E3
7 3% 1H316 -k EE (% B
gg | LT LUFASLE k(i 1T316A R  dhn 0.84 100 155 485
%) o7
= b A
40 P oksE 500LA~15T230LA ! i ;]I * it 0.46~15.36 | 100~360 72~235 90~255 35~115 0.04~0.12
B
41 | 7 & 4% (SUS #304, #316) k 32 250 - ~20000 - ! o ;]I * btk 0.27~20 100~390 30~130
yL P A
42 | 7 4% (SUS #304, #316) k 35 250 % ~10000 % ! o jll * &tk 0.27~10 130~325 30~112.5
i E3
, , PO
43 554 % % PE kg UL-30000L~UL-2000L ! g m}l PE 2-30 182~505 66.5~150
E3
s A
44 54 % % PE kg PT-15000L~PT-250L ! i - ;]I PE 20~30 100~354 32.5~129
= b A
45 3% 4 % 9 PE k¥ WT-750L ! i ;]I PE 0.75 113 54.5
B
46 5 4 % % PE kg FT-750L ! . ;]I PE 0.75 95 54.5
i‘L oA
47 5 4 9 PE kg BC-1000L~BC-6000L ! o ;]I PE 1~6 155~265 62.5~104
i E3
PO
48 B3 atak i FRP.H, CHT-V ! g A.JJ FR.P 1~500 130~1000 50~400
ES
PO
49 ¥ 2l #4844 F.RP.JI CHT-H ! o q.]J FR.P 1~100 130~885 50~190
= b
50 [EREE-2ICE I3 500~10000 ! - ;I * 4k 0.44~10 130~315 70~220 80~235 0.06~0.12
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51 PE 4 & 4 §5k 1t 250 = ~20000 oy PE

52 SUS s & 5%k E i i :j] sus 1~18 100~500 | 100~500

53 FRP ‘o & 3%k 4 E i i ;} FRP 100~450 | 100~1000

54 R 2 R S S i ?t— 31 Sus 1~180 1000~10000 | 1000~6000 | 1000~3000

55 GRP(SMC) e & 5% -k 44 15m S : i :} FRP(GRP) 3~150 200~1000 |100~10000 | 300~15000

56 GRP(SMC) = & 5% -k 4 2.0m E i i j} FRP(GRP) 4~200 200~1000 | 100~10000 | 300~15000

57 GRP(SMC) & 5% -k 48 2.5m E i i :j] FRP(GRP) 5~250 200~1000 | 100~10000 | 300~15000

58 GRP(SMC) - & 5% -k 45 3.0m E i i ;i FRP(GRP) 6~300 200~1000 | 100~10000 | 300~15000

59 FRP %2 it & 124 # 1~120 S ; i jﬁ FRP 1~120 130~1060 50~190 03~15
60 FRP 1 3] a4 1240 #) 1~100 S : i ;} FRP 1~100 130~885 50~190 04~2.2
61 PAlw et FRP i 1~150 ! i i :]J FRP 1~150 130~1330 50~190 0.3-16
62 1 4l w4 12 F.RP 4 1~100 ! : i :]J FRP 1~100 130~85 50~190 04~22
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GEARRTET A2 T R
th 3-5 RCKREFRIF A2 KRG A SR KL

5 A& L A &35 AEHF Eokow (M) Mok m R [k TR (M) |8k P (mm)| S (mm)| % A (mm) | F S (mm)| &g s (m2) [k £ (m3/h)
1 FHE AR Rainus RA-B(1¢ )~ RA-G(%¢) |* 44k - ABS#%| 3~4 3~4 0.7x1.7 505 <70 2.1
2 HEAHEE VFL VF1 * i ~ PE 4 0.65 451 <387 42
3 HEASRE VF2 ~VF6 * i 8~10 0.39x0.98 920 <1347~2433 | 145~262
4 Lk RS B F Protector M4 ~ PE 90 3/4-1 35
5 R AR E 80W~400W 114~ 4.2~38
6 (AR RN ARy Bk E PP~ 54k
7 |CAlWE A kv iciBiR R 7 sk - ABS
8 S AEkE ERE * i <0.35 250 <100
9 Pk Ak B E 7 ik
10 HIRPRERK A * ik 0.23
11 #EE(FEAFAE)  |CW-201P/CW-202P/ CW-203P|  #4 ~ PVC
12 HEBEERAAE) CW-201S 4% ~ PE
13 o MR B CW-201L 4 ~ PVC
14 | OKEYH 1 #: &% MPF400-16~MPF1200-48 740~1580 | 15~2 | 0.13-1.17 6~4.2
15 | OKEYH fRi#: 7kt MFB001-21~MFB013-56 811~1620 | 1.5~25 | 0.2~1.54 9.5~40.7
16 | OKEYH i 7kt MFB064-1200~MFB199-2500 1400~2450| 3-8 1.01~491 | 40.4~196.4
16 | W B &32 UF %% | LSTUF-40-1T~LSTUF-100-100T * 4tk 0.002~0.1 1~50
17 R KR B AC-1035~AC-3672 * il 1~2 1~2 10~36 | 35-72 27~100
18 Aok W ek s GS-2070A~GS-7090A * ihéw 304 515~1800 |2000~2400 2~6 + 60~100
19 | LSHE-RAp 2N @RS LS-80/100/150/200/250 * i 1~2 5 560~1260 1000~6500
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xﬁ,ﬁc___

20 | LE-kAp ENERE L-100/150 o4k 11/2~2 750~1050 1140~2900
21 | A& p N A kR AR100/150 SUS304 11/2~2 4~6

22 | FWEAp AN A KR PAR100/150 SUS304 1 4~6

22 -3 320

23 CA AT »jn & PE 150/250

24 CA AL » jn & PE 39/47 150/250

25 UNO 35 im PE 3.9

26 bk B 254

27 | A &aa kv icEiR E SUS304 0.335
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W h 36 AOKEPRIT AR RGASREL

o L . Bl | B A | B KE | BIREL | wgEm £ ¥
A& LR A &A% A& i BH 5 4 (HP TRV 4 % (Hz e BT TR eE R CO) | (Y] S
| A5 A e -~ HT (HP) LRV PREHD ey | Umin) | (kgle i) | (nsulation)| T HEACON B ECH 0
A s B & |V260H /vacoH| [ e Al . on:1.2~2.0 ;
1 _ P ~ 110 ~ - 1.222.0 ; ~ ; -
(e 8) 60 5 el W 1/2~1 0220 60 2P | 33-45 =10 | B 4~50 341 |10-214
WS AT | EKV200 Al -
2 |5 %“@ A NG D.‘m( . At | U4 - 12 | 1105220 60 o | 22127 | s5/70 11'f‘5~11'§8’ B 2~40 3451 1101'?5’
[ Alt| P A
3 ?‘* ﬁf‘ ;] /va\\/lzlggﬁ i = J\j”]] A3 #H | 100/250(W)  |220~240/110,220| 50/60 6.5/9 80/160 4~35 1-112 |41/51
A PUIN T
Tt 24| TP80PT | EEETER TR on:1.22.0 ; ~ % o1
4 145 112 Lo ~ S
RS | [TP825PT R I EEY 5 1107220 60 35042 | otr0.413.0 4-40 ay oy g | 8716
THE-K 4| TQC200/ | R Y Y
51 e TocA00 Dliﬁ““ FAHE | 1412 110/220 60 4~40 P
% &4 | KP320NT/ | P T H4p 110/220
6 |knp s 7| KPIZSNT iy A 12 O 60 2 35/36 | 52/54 E 2~40 34 1 |7/41
e KQ7257 ,
RS g A 4~ F 110/ 220 » 8/85/
7 |FEESF Qraos .m,; LT 1251 0/220 60 /50 26/32 |55/88/98| Max5s 2-40 1 34 | 110/
ki) KOT25X o okl N 220/230 105
e | 2005/ 20077 '
u TLJK ok
BE TN 2010/3011/ | o B A 20/30/60 |4-5/6-7/7-9 112 >
8 |5 (F¥ . ~
2 F2 1 301776009/ | ok 171572/3/5| 1107220 /120 111717 4-30 2 .3
\
* 8D 1204
TQRO 200/ FRE!
9 | % s BT T%RO 200 le]\ j]] 14+ 112 110/220 60 22128 | 64/70 6 2~40 3041
MoK 4 B s
i
# %@‘zf;’&i\‘ U
10|28k R e * it 141
e 5 ookl - 1~3/4
T
H 47§ 48 | BPSC1-0.5-12- [ T
11 {28 % | 20/BPSCLL- | P o ke 05/1 25/40 | 45/70 | 0-2.0/3.0 3401
BEGE 12-25 e
e
x| A
12| i v | BekHt x5y | M 22 7 bk 1-75 40~50 | 75-450 0-4.0 1~2
@ ﬁ\(?‘ O ¥ ’J‘ _1]
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