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ABSTRACT 

More than a thousand buildings have been certified as green buildings using this evaluation system since 1999 
when the green building evaluation system of Taiwan was first applied. It provides policy makers as a form of 
positive feedback from the quantitative effects of water conservation efforts. The present study offers a calculation 
process for estimating the quantitative volume of water saved by practical green buildings. The baseline water 
usage for all kinds of buildings was determined to serve as the criterion for determining the water saving efficiency 
of individual buildings. An investigation of the average water saving rate from 2000-2013 for 1,320 buildings 
certified as green buildings was conducted to validate the estimation results. This research used 568 cases of 
green buildings which involved the rainwater harvesting system design and operation to be the validation as well. 
The evaluation result shows average 48% water saving rate in these cases involved rainwater harvesting system. 
Water savings will inevitably follow from the use of water-saving appliances or water-saving designs for buildings. 
The investigation on the difference between the actual water consumption of the building awarded with green 
building certification and the general building had been verified. Through the field survey, the water efficiency from 
rain water harvesting operation was evaluated and confirmed. It is proved the significant contribution to water 
efficiency from adoption of saving water design and rainwater reuse system in green buildings. 
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1. INTRODUCTION  

The green building evaluation system used in Taiwan was first applied in 1999 and initially utilized a building’s 
water efficiency as the threshold index for determining the building’s environmental impact. More than a thousand 
buildings have been certified as green buildings using this evaluation system since then. It provides policy makers 
as a form of positive feedback from the quantitative effects of water conservation efforts. Theoretically, water-
saving designs and the adoption of water-saving facilities should benefit buildings in terms of their water usage 
efficiency . However, actual real-world water usage is complex, being affected by a wide range of human behaviors 
and other factors .Regarding the issue of the effective use of water resources, the actual water consumption of a 
building with a green building certification should be different from those of buildings without water-saving designs. 
Relatedly, the question of whether substantial water-saving effects are achieved by such designs, as well as 
questions regarding their energy-saving and carbon-reduction benefits, are widely discussed. Therefore, it is 
requested with various investigations had to be undertaken to answer them.  

To date, however, there are still no solid means of verifying or providing clear evidence to determine the quantitative 
effects of various water conservation strategies. A model for estimating water-saving benefits in order to clarify the 
effective use of water resources was established in previous research. To that end, an empirical investigation of 
buildings with green building certification was conducted to verify the values estimated by the model after statistical 
analysis. More specifically, quantified values of reasonable water-saving benefits for Taiwan for every year were 
derived to examine the effects of water conservation and to validate the proposed model. In this study the actual 
cases awarded by green building certification since 2000 to 2013 are taken as the research subjects [9]. This study 
would focus on the water conservation measures for green buildings in Taiwan with the aim of providing a 
quantitative procedure for proving water-saving efficiency. 
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2. WATER INDEXES AND EVALUATION  

The water conservation index is a ranking system for the adoption of water-conserving items, including water 
closets, urinals, faucets and baths, and for the reuse of rainwater and grey water. As a practical process of the 
assessment of the water index of a green building’s water resource indicator system WI value, the applied building 
should submit the proof documents about the saving water design items; then, the referee committee would confirm 
and determine the final rating value of the WI index. This rating system focuses on the saving water design and 
the adoption of water efficiency facilities for green buildings. The evaluation consideration engages the design and 
facility, not including usage patterns or behavior styles. Therefore, the rating value of saving water is a conceptual 
assessment for the water efficiency parameter without real water saving volume. 

To more precisely estimate the quantity of water actually consumed by a given green building, the factor of 
operating time was added to the building categories when estimating the baseline for the quantity of water 
consumed. After the water consumption per unit of the floor area of a building with green building certification was 
acquired, this study used statistical quantitative methods and an empirical investigation for comparison and 
analysis, determining the actual gross water consumption as a basis for estimating the quantity of a building’s 
annual water conservation. Accordingly, the baseline for annual water consumption for each category of building 
Wty (m3/year) was established, and the formula for the estimated quantity of annual water conservation Wst 
(m3/year) is provided as Equations 1–4. 

Wty = Af × WUI 

Equation 1 

Wst = Wty × (WI ÷ 9) 

Equation 2 

Rsw = Wst ÷Wty× 100% 

Equation 3 

Rrs = Wrs ÷Wty× 100% 

Equation 4 

Wty: Annual water consumption for each category of building (m3/year). 

Af: The floor area of a building (m2). 

WUI: Water consumption density per unit area of a building (m3/m2·year). 

WI: Water index of a green building’s water resource indicator system (0.0 ≤ WI ≤ 9.0). 

Wst: Annual water saving of building (m3/year). 

Wty: Annual water consumption of each category of building (m3/year). 

Rsw: Annual water saving rate of building (%). 

Rrs: Annual rainwater substitution rate of building (%). 

The score for the water resource indicator system for a green building’s rating assessment system, WI, is the key 
parameter for estimation. This study used the real cases with green building certification, and each case has a 
certified rating value of the WI index. The average values of the water resource indicator rating scores for 2007–
2013 (WI) were, for the most part, normally distributed between 3.0 and 5.0. According to the survey green building 
certificated cases, the annual water saving rate Rsw and rainwater substitution rate Rrs would be estimated. 
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3. BUILDING CATEGORY AND WATER USAGE BASELINE 

The water demand and the actual water consumption of buildings are actually quite complex, not only because of 
the difference in building types, but also because even among buildings of the same type, individual buildings may 
differ substantially due to factors, such as building age, occupancy, density, etc. Moreover, a building’s usage and 
demand patterns will change after the actual construction is completed. All of these factors cause considerable 
difficulty in accurately estimating water consumption. Therefore, in order to more accurately estimate the actual 
consumption of green buildings to serve as the basis for assessing water-saving efficiency, the operating time 
factor was added to the factor of building types as one of the water consumption estimation criteria [10]. Herein, 
the water unit intensity (WUI) formula is defined by the parameters of occupancy density, yearly water usage and 
occupancy rate, shown as Equations (5)–(8). 

di wi riWUI P Q F    

Equation 5 
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Equation 8 

WUI: Water consumption density per unit area of the building (m3/m2·year). 

Pdi: Person density (person/m2). 

Qwi: Yearly water usage (m3/person/year). 

Fri: Occupancy rate (%). 

This study proposes WUI as the definition of building water usage density and to serve as the baseline of building 
water usage to evaluate the water efficiency of building water consumption. Due to the various categories of 
buildings, this study, in accordance with existing literature and relevant research and investigations, divided the 
buildings according to 52 different types of water utilization based on the building’s utilization time characteristics 
in order to estimate the baseline for water consumption more precisely. After estimating the parameter levels for 
the standardized building water consumption and water consumption parameters, the baseline for each type of 
water consumption was estimated.  

Overall, other than accommodation or medical buildings, which involve everyday-life water demands, the per-capita 
water demand per unit of buildings in general is mainly determined by the use of toilets and for cleaning activities. 
The water demands of accommodation buildings, on the other hand, include the water needed for cleaning and 
bathing, toilet flushing, cooking and other purposes. Based on the unity and efficiency principle of the estimation 
formula and for the sake of consistency in our assessments, water consumption was translated into average per-
capita water consumption per unit for all building types. A building’s total water consumption is mainly influenced 
by the two factors of per-capita consumption per unit and user density, and basically, these two factors are 
independent variables. With regard to the building category, spatial contrasts were computed by referring to 52 
types of space according to building categories A–I under the building code of Taiwan.  
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4. INVESTIGATION AND VALIDATION 

In this study the actual cases awarded by green building certification since 2000 to 2013 are taken as the research 
subjects with totally 1224 cases, the rainwater harvesting system is the focus of this research. Through the field 
survey, the water efficiency from rain water harvesting operation of 568 cases was evaluated and confirmed which 
involved the rainwater harvesting system design and operation to be the validation. The adoption rate of rainwater 
harvesting system design and operation in green building certificated cases is around 50% in general since 2000 
to 2013, as shown in Figure 1. 

 

Figure 1: Green building certificated cases with rainwater system design 

It is not possible to survey all green building certified cased with water consumption data. Thus, limited real cases 
of green building certification with confirmed data were selected to validate the efficiency of rainwater system. Due 
to the water quality standard and utility needs, the water saving rate was limited under 60% in evaluation system. 
Meanwhile, the rainwater substitution rate has maxima for different building type and utility needs. Herein, three 
groups of building types were defined from the 52 categories as residential, commercial and productive usage. 

The residential use is daily usage for life including drinking, bathing, washing and etc.. The commercial use is daily 
usage for working area mostly is for toilet, washing, cleaning and etc.. The productive use is the usage for 
production area and the utility is vary and comprehensive including factory, restaurant, sport center, hospital and 
etc.. The usage includes producing process, toilet, washing, cleaning and etc.. Therefore, each category has 
maxima rainwater substitution rate for calculation from 20% to 55%. According to the reasonable limitation of 
maxima substitution rate, the green building certificated cases could be evaluated from water saving rate to 
rainwater substitution rate which the contribution framework of rainwater system adoption could be identified and 
recognized.   
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Figure 2: Distribution of rainwater substitution rate and water saving rate 

This study used 91 cases of green buildings which involved the rainwater harvesting system design and operation 
to be the validation. Figure 2 shows the distribution of rainwater substitution rate and water saving rate of three 
group’s buildings. It reveals that the rainwater substitution rate of residential use has lower rate of average 17%. 
As a result, the evaluation result shows average 54% water saving rate in these cases involved rainwater 
harvesting system. Initially, the average rainwater substitution rate is 28% as shown as Figure 3. 

 
Figure 3: Comparison of rainwater substitution rate of three group’s buildings 

5. CONCLUSION  

In this study the real cases awarded by green building certification since 2000 to 2013 are taken as the research 
subjects. WUI is proposed as the definition of building water usage density and to serve as the baseline of building 
water usage to evaluate the water efficiency of building water consumption. This conception is used to evaluate 
the water conservation in green building as the index to improve the water efficiency. The results are adopted by 
carbon footprint calculation model and link to low carbon evaluation system in Taiwan. Through the field survey, 
the water efficiency was evaluated and confirmed. This research used 91 cases of green buildings which involved 
the rainwater harvesting system design and operation to be the validation. The evaluation result shows average 
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54% water saving rate in these cases involved rainwater harvesting system. Initially, the average rainwater 
substitution rate is 28%. It is proved the significant contribution to water efficiency from adoption of water saving 
design and rainwater reuse system in green buildings.  

REFERENCES 

[1] Kanako T.; Takayuki O.; Yasutoshi S. Water Use Patterns in Vietnamese Hotels: Modelling Toilet and 
Shower Usage. Water 2016, 8, 85. 

[2] Toyosada, K.; Shimizu, Y.; Dejima, S.; Yoshitaka, M.; Sakaue, K. Evaluation of the potential of CO2 
emission reduction achieved by using water-efficient housing equipment in Dalian, China. In Proceedings 
of the 38th International Symposium of CIB W062 on Water Supply and Drainage for Buildings, Edinburgh, 
UK, 28 August 2012; pp. 27–30. 

[3] Minami, O.; Ryohei Y.; Minoru, S.; Masayoshi, K.; Kanako, T.; Yasutoshi, S.; Kyosuke, S.; Liao, W.J.; Lee, 
M.C.; Cheng, C.L. Comparison of the Physical Properties of Showers that the Satisfaction of Shower 
Feeling among Users in Three Asian Countries. Water 2015, 7, 4161–4174. 

[4] Mangsham, L.; Berrin, T. Life cycle based analysis of demands and emissions for residential water-using 
appliances. J. Environ. Manag. 2012, 101, 75–81. 

[5] Okamoto, M.; Sato, M.; Shodai, Y.; Kamijo, M. Identifying the physical properties of showers that influence 
the satisfaction of shower feeling for the purpose of developing water-saving showers. Water 2015, 7, 4054–
4062. 

[6] Okamoto, M.; Sato, M.; Shodai, Y. Analysis of factors affecting showering comfort—Comparison between 
Japan and Taiwan. J. Affect. Eng. 2015, 14, 173–180. 

[7] Wong, L.T.; Cheung, C.T.; Mui, K.W. Energy efficiency benchmarks of example roof-tank water supply 
system for high-rise low-cost housings in Hong Kong. In Proceedings of the 39th International Symposium 
CIB W062 on Water Supply and Drainage for Buildings, Nagano, Japan, 17–19 September 2013; pp. 349–
359. 

[8] Matos, C.; Briga-Sá, A.; Pereira, S.; Silva-Afonso, A. Water and energy consumption in urban and rural 
households. In Proceedings of the 39th International Symposium CIB W062 on Water Supply and Drainage 
for Buildings, Nagano, Japan, 17–19 September 2013; pp. 209–221. 

[9] C.L. Cheng, M.C. Ho, W.J. Liao, S.G. Chang, Y.S. Jing, Evaluation of water efficiency from adoption of 
rainwater reuse system in green buildings, In Proceedings of the 42th International Symposium CIB W062 
on Water Supply and Drainage for Buildings, Kosice, Slovakia, Aug29–Sep01 2016; pp. 103–113. 

[10] Cheng-Li Cheng, Jr-Jie Peng, Ming-Chin Ho, Wan-Ju Liao, Szu-Jen Chern, Evaluation of Water Efficiency 
in Green Building in Taiwan, Water 2016, 8(6), 236. 

 

  


