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Abstract

:

Access to clean drinking water is fundamental to human health, but a significant portion of China’s population lacks this essential resource due to low water quality. Point-of-use (POU) water filtering systems, offering ease of installation and maintenance, have emerged as a viable solution for providing clean drinking water in China. However, despite their advantages, the adoption rate remains below 20%. This study investigates whether and how price affordability affects the adoption of residential POU water filtering systems in China. In doing so, we conduct a quantitative analysis of the national POU water filtering systems sales and household income data from 2007 to 2022 in China. Our results show that the ratio of the initial purchase price to per capita disposable income and the adoption rate of POU systems in China are strongly positively correlated. Our findings shed light on potential pathways to facilitating their wider adoption, not only in China but also in other emerging countries.
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1. Introduction


Access to safe and clean drinking water is a fundamental human right and a cornerstone of sustainable development. In China, a nation with diverse landscapes and a vast population, ensuring water quality presents a complex and growing challenge. This is due to various factors, including inadequate infrastructure [1], unsatisfactory sanitation control [2], contamination of limited surface water resources [3,4,5,6,7], the depletion of groundwater [8,9,10], rapid urbanization [3,11,12] and climate change [13,14]. For instance, a majority of China’s cities (over   66 %  ) struggle with water scarcity, while pollution chokes many rivers (over   40 %  ) and lakes (  80 %  ). In addition, nearly 300 million people living in rural areas do not have access to safe drinking water [1,15].



China’s population distribution adds complexity to the water challenge. While over 90% of the population resides in the eastern half of the country, less than 5% are distributed across the southwest, northwest, and northern frontiers. The highest population density is concentrated in the lower Yellow River and Yangtze River areas [16]. Unfortunately, the quality of drinking water in the eastern part of China is significantly lower than in the western part (See Figure 1). This geographical disparity presents an added challenge to addressing the nation’s water problems. In addition, household incomes in the eastern part are usually higher than in the western part. The income inequality among households is primarily associated with inequality within regions between rural and urban areas, rather than among regions [17,18].



Thanks to rapid advancements in water treatment technologies such as activated carbon filters [20,21], ultrafiltration membranes [22,23], reverse osmosis (RO) systems [24,25], ultraviolet (UV) filters [26,27,28] and ceramic filters [29,30], point-of-use (POU) drinking water filtering systems have emerged as a promising solution to address water contamination at the household level in China.



A POU drinking water filtering system is installed directly on the household water supply line and filters water at a single point of use, such as a specific faucet or drinking water dispenser. These systems are typically installed under the sink or on the countertop, close to where the water is consumed. They remove hazardous contaminants like microbes [31], organic compounds [32], sediment [33], chlorine [34], lead [35], and other chemicals exceeding regulation limits [36,37], while preserving healthy and essential substances for human health [38].



POU residential drinking water filtering systems offer many advantages that make them a practical solution to ensuring access to clean and safe drinking water. They are typically installed at the specific point where water is consumed, which ensures that clean water is readily available for drinking and cooking without the need to wait for centralized filtering or rely on bottled water. These systems are often easy to install, maintain, and repair. Moreover, they are usually more cost-effective than whole-house filtration systems, making them suitable for both urban and rural residents [39].



Despite their many advantages, the adoption rate of POU residential water filtering systems was only   17.8 %   in China in 2022 [40]. In this paper, we study how price affordability influences the adoption of POU water filtering systems in China. In particular, we quantify how the increased price affordability contributes to the fast adoption of POU residential water treatment systems. We further demonstrate how low affordability remains a key barrier to wider adoption.




2. Materials and Methods


In this section, we introduce the adoption process of point-of-use water filtering systems in China. We then analyze the use cost of point-of-use water filtering systems by calculating the annual total cost of ownership within ten years. Next, we compare the initial purchase cost with the average disposable income per capita and consumer expenditure data. Finally, we conduct a correlation analysis to investigate the relationship between price affordability and POU system adoption.



2.1. Data Collection


Measuring the price affordability of POU water filtering systems requires both average personal income data and the cost data of the systems themselves.



We collected per capita income and expenditure data in China from 2007 to 2022 from the National Bureau of Statistics of China [41]. The income data consists of the following items: average disposable income per capita, average total expenditure per capita, and average discretionary expenditure per capita. The average disposable income per capita is calculated by taking income earned from all sources, including wages, government transfers, and rental income, minus taxes, savings, and some non-tax payments, including fines, forfeitures, and donations, and dividing by the total Chinese population. It is a measure of the living standards of the population. The average total expenditure per capita measures the average annual expenditures of all consumer units including housing, transportation, food, insurance and pension, healthcare, education, and discretionary expenditure. Average discretionary expenditure per capita includes nonessential expenses like dining out, shopping, entertainment, and subscription services. Purchasing point-of-use drinking water treatment systems belongs to discretionary expenditure because it is considered a nonessential expense.



To quantify the cost of point-of-use drinking water treatment systems, we collect published sales data of point-of-use water filtering systems from major home appliance data platforms. Specifically, we compare the national sales revenue, units sold, units manufactured, and average price from the year 2007 to 2022. Note that the sales data used in this research are aggregated data at the national level because we do not have access to historical data at local levels.



Despite the increased price affordability of residential POU water filtering systems, their adoption rate in China remains below   20 %   [40]. To better understand how adoption rate changes along with sales metrics and income data, we normalize the sales data and disposable income data by dividing them by their respective maximum values. We then visualize the growth trends of the adoption rate and the normalized revenue, units sold, units manufactured, average purchase price, and disposable income.



The costs of owning POU water filtering systems include purchase cost, installation cost, filter replacement cost, and water and electricity usage costs. In order to estimate the total cost of ownership, we crawl product description data from a major Internet Retailer—JD.com [42]. The dataset includes product information on the top 72 models sold in April 2020. For each model, we collect the following information: Rank in terms of units sold, brand, model number, price, flow rate, pure-to-drain ratio, volume, water cost per liter, and filter lifespan. These models are all under-the-sink water filtering systems for residential use. They use either ultrafiltration membrane technology [22,23] or reverse osmosis technology [24,25]. They all require electricity to operate. We then estimate the annual total cost of ownership by assuming a 10-year lifespan, which is the average lifespan of a water filtering system [43].




2.2. Metrics


The price affordability is measured by the purchase price to disposable income ratio. In China, most households usually have saving habits and only spend a small portion of their income on nonessential products and services. It is natural to also include price to total expenditure and price to discretionary expenditure as key indicators of affordability.



In practice, the annual cost of ownership could be a better indicator of price affordability than the purchase price. Unfortunately, we are unable to track the product description data for all the years from 2007 to 2022 due to limited data availability. Instead, we calculate the total cost of ownership of 72 models sold in China and then conduct a correlation analysis to investigate the correlation between purchase price and annual cost of ownership. Assuming a 10-year lifespan (the average lifespan of a water filtering system [43]), we calculate the annual cost of ownership using the following equation:


  Annutal Cost =   P r i c e +   Water Cost   *   Vol   *   10   *   12   Filter Lifespan    10  ,  



(1)




where the water cost includes the filter replacement cost, and the additional water and electricity usage cost within the filter’s lifespan (in month).



To study the correlation relationship between price affordability and the adoption of POU water filtering systems, we calculate the Pearson correlation coefficient [44,45] using the Pandas Python library [46].



The adoption rate is estimated by using the following formula:


  Adoption Rate =   Accumulated Units Sold − Accumulated Units Deprecated   Total Household Number   ,  



(2)




where we estimate the accumulated units deprecated by assuming that a typical POU water filtering system has a 10-year lifespan.




2.3. Data Analysis


We first show how adoption rate changes compared with key sales numbers such as revenue, units sold, units manufactured, average price, and disposable income per capita. Then we compare the adoption rate with three price affordability ratios: purchase price to disposable income ratio, purchase price to total expenditure ratio, and purchase price to discretionary expenditure ratio. These ratios are particularly relevant in China, where households typically save a portion of their income and spend a smaller amount on non-essential items. We then conduct a correlation analysis to study the relationship between price affordability and adoption rate. In the correlation analysis, we normalized the data using the following formula.


  x _ n o r m a l i z e d =   x − x _ m i n i m u m   x _ m a x i m u m − x _ m i n i m u m   ,  



(3)




where x is the original data point,   x _ m o r n a l i z e d   is the normalized value,   x _ m i n i m u m   and   x _ m a x i m u m   are the minimum and maximum values of x in the dataset, respectively.



In addition, China’s diverse economic landscape contributes to significant disparities in income levels between urban and rural areas [47]. We compare the price affordability for both urban and rural households to study how these economic disparities influence the ability of households to invest in point-of-use water filtering systems.



In addition, the price affordability is also influenced by the sales channels. In China, Internet retailers often offer a cheaper price than physical stores for the same products due to lower operational costs. As a result, products bought online are often cheaper than those bought offline. To study if this observation applies to POU water filtering systems, we compare the price intervals of POU water filtering systems sold online with those sold offline.





3. Results


This section first describes the progress in the adoption of POU water filtering systems in China from year 2007 to 2022. It then presents the results of cost analysis and affordability analysis, followed by the correlation analysis of the adoption rate and the price affordability.



3.1. Adoption of Residential Point-of-Use Water Filtering Systems


Over the last two decades, China’s residential POU water treatment industry has experienced significant growth. The adoption rate of residential POU water filtering systems surges from   0.14 %   in 2007 to   17.82 %   in 2022 (See Figure 2a). In the meantime, the annual sales revenue has a compound annual growth rate of   18.22 %  . It increases from 1.27 billion to 18.5 billion Chinese Yuan. The number of units sold increases from 0.677 million in 2007 to 7.39 million in 2022. The fast growth of water filtering systems sales contributes to its wide adoption.



During the adoption development, the price of the POU water filtering systems becomes much more affordable. In 2007, the average purchase price of a residential POU water filter system is 1876 Chinese Yuan. It remains flat until 2013 due to oversupply. The average price then increases significantly to its peak of 2953 in 2018 due to fast-growing demand and relatively tight supply (See Figure 2b). After that, it gradually drops to 2503 in 2022. During these 16 years, the price has only increased by   33 %  . Unlike the purchase price, disposable income has enjoyed steady growth. It has quadrupled from 8584 in 2007 to 36,883 in 2022. The growth rate of the average price is significantly lower than that of sales revenue, units sold, units manufactured, and disposable income. The price to disposable income ratio decreases from   21.85 %   in 2007 to   6.79 %   in 2022, which implies that residential POU water filter systems have become substantially more affordable.



Figure 2c shows that China’s adoption of residential POU water filtering systems undergoes a transition from slow growth to rapid expansion and then to a slowdown. The adoption rate increases slowly and steadily from 2007 to 2012, primarily due to a small number of units sold in the early years. Only 0.677 million POU water filters are sold in 2007. The number stays under 3 million until 2013. The adoption rate increases from   2.77 %   in 2013 to   12.79 %   in 2019 due to a substantial increase in the units sold. After 2019, the number of annual units sold starts to decline. It drops from 2019’s 11.37 million to 7.39 million in 2022. Therefore, the adoption process gradually slows down.




3.2. Cost Analysis


The costs associated with using residential POU water filtering systems can vary depending on several factors, including the initial purchase cost, installation cost, filter replacement cost, electricity, water, and other maintenance costs.



The upfront cost of a POU water filtering system widely depends on the brand, model, and features (See Table 1). Basic systems may be more affordable, while systems with advanced features or higher filtration capacity may have a higher initial cost. The upfront cost can be a significant barrier to the adoption, especially for households with limited financial resources.



Installation costs play a relatively insignificant role in preventing adoption because professional installation is typically included in the upfront cost for POU systems sold in China. Additionally, some systems are designed for easy self-installation.



POU water filtering systems typically have multiple filters requiring periodic replacement, the frequency of which depends on water quality and usage. Replacement filters can vary in price, and costs can accrue over time. Many systems also require membrane replacement periodically, which is usually more expensive than other filter replacements. The frequency of both types of replacements varies based on usage and water conditions.



POU systems use electricity to operate and produce wastewater as part of the filtration process. The ratio of purified water to wastewater varies among systems. While the direct cost of energy consumption and wastewater is generally low, it still adds to the overall expense.



Regular maintenance, such as cleaning or sanitizing components, may be needed. Some homeowners can perform these tasks themselves, while others may opt for professional maintenance services.



When considering the costs of a residential POU water filtering system, it is important to evaluate not only the initial purchase price but also the long-term costs associated with maintenance, filter replacements, and potential additional expenses. In Table 1, we present the annual total cost of ownership for 72 major POU water filtering machines sold on JD.com in April 2020. The median total cost of ownership is   862.9   Chinese Yuan while the median initial purchase price is 2299 Chinese Yuan.



Due to lower operational costs, products sold online are usually cheaper than those sold in physical stores. This observation also applies to POU water filtering systems. As illustrated by Figure 3, over   70 %   of POU systems sold online have a price tag below 3000 Chinese Yuan, compared with only   8.9 %   of them sold offline. This may also explain the increase in the portion of online sales in the overall sales from 2016 to 2022 (See Figure 4). To increase the price affordability, a promising solution would be to expand the online sales network.




3.3. Affordability Analysis


Both disposable income and consumer spending of Chinese households has increased dramatically. Total expenditure per capita increased from 6592 Chinese Yuan in 2007 to 24,538 in 2022 (See Figure 5). Discretionary expenditure on household goods and services has also seen continuous growth, except for the year 2020 when they experienced negative growth.



Fast growth in disposable income and a moderate rise in upfront cost contribute to increased price affordability of POU systems in China. We compare three different price affordability metrics: price to disposable income ratio, price to total expenditure ratio, and price to discretionary expenditure ratio (See Figure 6). The price to disposable income ratio dropped from   21.85 %   in 2007 to   6.79 %  . Since many Chinese households have saving habits, not all disposable income is spent. Thus, the price to total expenditure ratios tends to be higher than the price to disposable income ratios. The price to total expenditure decreased from   28.46 %   to   10.2 %   during the same period. Among all the spending, discretionary spending such as household products and services only make up a small part. The price of discretionary expenditure dropped from   522.54 %   to   174.82 %  . According to these metrics, the upfront purchase cost is still too high compared to the amount that they are willing to spend on nonessential products and services. Moreover, the annual total cost of ownership is also high compared to both personal income and spending (See Figure 7). This echoes the observation that the adoption rate is still low (less than   20 %  ) despite the fast growth of the POU water filtering systems industry.



While the affordability of residential POU water purifiers in China is increasing, the discretionary expenditure on household goods and services is still too low compared to the upfront purchase price as well as the annual cost of ownership (See Table 2). In addition, China has a diverse economic landscape with   36.11 %   of residents living in rural areas [41]. Most rural residents have fewer financial resources than urban residents. Both the initial purchase price and the cost of ownership can be more challenging for rural residents than for urban residents. For instance, the median price to disposable income ratio accounts for   13.4 %   for rural residents, compared to   5.2 %   for urban residents in 2020. The median price to discretionary expenditure ratio for rural residents almost reaches   300 %  , which is far from affordable.



On the one hand, the low affordability implies that rural residents are less likely to purchase and install POU water filtering systems than urban residents. On the other hand, rural areas are more likely to lack access to centralized water treatment infrastructure [48,49]. This conflict indicates that more affordable POU water filtering systems are in urgent need for providing safe drinking water to regions with insufficient water infrastructures and limited financial resources.




3.4. Correlation between Affordability and Adoption


As shown in Table 3, the adoption rate and price to disposable income ratio, price to total expenditure ratio, price to discretionary expenditure ratio are all strongly negatively correlated, respectively (  r = − 0.80 ,   p < 0.001 ;   r = − 0.79 ,   p < 0.001 ;   r = − 0.73 ,   p = 0.001  ). The adoption rate and the price are strongly positively correlated (  r = 0.70 ,   p = 0.002  ). The price and units sold, units manufactured, and proportion of products sold are all strongly positively correlated (  r = 0.90 ,   p < 0.001 ;   r = 0.87 ,   p < 0.001 ;   r = 0.89 ,   p < 0.001  ). The correlation analysis indicates that price alone does not negatively influence the adoption of POU water filtering systems in China. The ratios of price to disposable income, price to total expenditure, and price to discretionary expenditure negatively affect the adoption. That is, low price affordability compared to per capita income impedes the adoption of POU water filtering systems in China.



As shown in Table 4, the annual total cost of ownership and the price are moderately positively correlated (  r = 0.417  ,   p < 0.001  ); the annual total cost of ownership and the maintenance cost is strongly positively correlated (  r = 0.951  ,   p < 0.001  ). The result shows that the initial purchase price contributes modestly to the annual total cost of ownership, while the filter replacement cost accounts for the majority of the total cost of ownership. This finding indicates that stakeholders should put more effort into reducing maintenance costs in order to increase the affordability of the total cost of ownership.





4. Discussion


4.1. Main Barriers to Adoption


Our findings reveal that the ratio of the price to the disposable income, rather than the price alone, is strongly correlated with the adoption rate. This indicates that one of the main barriers that impedes the widespread adoption of POU water filtering systems is affordability. It includes high initial purchase cost and maintenance costs compared to residents’ disposable income and spending. Therefore, enhancing affordability through promoting low-cost POU systems is crucial for making them accessible to a broader segment of the population.



To further increase the adoption rate, stakeholders need to promote cost-efficient POU water filtering technologies and improve the distribution and maintenance network of POU systems. In doing so, stakeholders can make POU water filtering systems more affordable and accessible, ultimately contributing to a healthier and safer water environment for a broader segment of the population.




4.2. Potential Solutions


To address the affordability challenge associated with point-of-use (POU) drinking water treatment systems, collaborative efforts are required from the government, private sector, and the general public. The primary focus should be on facilitating the rapid development and low-cost production of POU water treatment systems, thereby making them more accessible to a broader range of consumers. This can be achieved through increased investment in research and development to create more cost-effective POU technologies, the establishment of efficient distribution and maintenance networks, and the implementation of comprehensive consumer awareness education programs. By working together and implementing these strategies, stakeholders can make POU drinking water treatment systems more affordable and accessible, particularly in regions facing economic constraints.




4.3. Limits of This Study


In this research, we are unable to consider several factors that may influence the adoption of POU drinking water filtering systems due to limited data availability. These factors include limited awareness about the benefits of POU water treatment, perceptions of water quality that do not align with actual water quality, limited product availability in certain regions or communities, concerns about product quality and reliability, and user habits and preferences regarding water consumption and filtration. Overcoming these barriers requires a multifaceted approach. It involves education, awareness campaigns, technological innovation, and collaboration between government agencies, manufacturers, and community stakeholders. Tailoring solutions to address specific regional or demographic challenges is crucial for successful adoption. Further research is needed to identify the most effective solutions for promoting the widespread adoption of POU systems.



Both personal incomes and the prices of POU filtering systems can be affected by inflation. In our study, we were unable to consider the inflation factor due to limited data availability. Further studies are needed to identify the effect of inflation on personal incomes and the prices and costs of POU filtering systems.



In our work, we have focused on residential point-of-use water filtering systems. This leaves out the adoption process of the POU water systems in the commercial and public sectors.



In our research, we have studied factors that influence the adoption of POU drinking water filtering systems from the national level. Because of China’s vast landscape and income inequality among different regions, the adoption processes and their contributing factors can be different. It is important to understand how the geographical differences influence POU water filtering systems’ adoption in China. Unfortunately, we do not have access to regional or provincial data to investigate this important matter. Moreover, our correlation analysis is based on aggregated data at the national level. The correlation may be due to the confounding effect and may not hold for smaller scales such as regional or provincial areas. Further studies are required to identify specific factors that influence the adoption process of each area.





5. Conclusions


By facilitating the adoption of point-of-use water filtering systems, stakeholders can help residents access cleaner and safer drinking water at home, improving public health through reducing waterborne diseases and healthcare costs. This approach also benefits the environment since it reduces the energy and resources used in traditional water treatment and distribution. In addition, filter replacement also encourages responsible water use, promotes water conservation, and raises awareness of water quality. Overall, understanding the key factors influencing the adoption of point-of-use drinking water filtering systems supports a healthier, more sustainable, and economically efficient development in emerging countries like China.



In this paper, we present a quantitative analysis of how price affordability influences the adoption of point-of-use (POU) water filtering systems in China. We utilize sales data and income data from 2007 to 2022 and conduct a correlation analysis to identify the role of affordability on POU adoption.



Our findings have two key implications: first, increased affordability has contributed to the rapid adoption of POU systems in China. Second, initial purchase prices and annual ownership costs remain high compared to per capita income and expenditure, particularly for rural residents. This indicates a need for promoting cost-effective POU technologies and improving distribution and maintenance networks to further increase adoption. Our research sheds light on this critical barrier and suggests potential pathways for facilitating POU adoption in emerging countries. Further research is needed to identify the most effective strategies for achieving this goal.
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Figure 1. China drinking water quality map of 2019 [19]. The quality scores were based on the weighted scores of over 60,000 monitoring points classified by the Ministry of Ecology and Environment’s environmental quality standards (Class I–Class V). 
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Figure 2. A comparison of adoption rate and the growth rate of disposal income per capita, sales revenue, units sold, units manufactured, and average purchase price of point-of-use water filtering systems in China from 2007 to 2022. 
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Figure 3. Price intervals of China POU water filtering systems sold online and offline in 2020. 
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Figure 4. Percentage of POU residential water filtering systems sales by channels from 2016 to 2022. 
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Figure 5. A comparison of disposable income, total expenditure, and discretionary expenditure per capita in China from 2007 to 2022. 
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Figure 6. A comparison of point-of-use water filtering systems adoption rate and three affordability metrics: price to discretionary expenditure (PDE) ratio, price to disposable income ratio (PDI), and price to total expenditure (PTE) ratio in China from 2007 to 2022. 
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Figure 7. Scatter plot of the initial price and annual total cost of ownership of 72 major POU machines sold in April 2020 compared with disposable income and discretionary expenditure. 
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Table 1. Annual Total Cost of Ownership of major Point-Of-Use Water Filtering Systems sold on JD.com in April 2020.
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	Rank
	Brand
	Model
	Price (¥)
	Flow Rate (GPD)
	Pure to Drain Ratio
	Vol. (L)
	Water Cost (¥/L)
	Filter Lifespan (mon.)
	Annual Cost (¥)





	1
	Xiaomi
	600G
	1699
	600
	2
	6000
	0.2
	24
	769.90



	2
	Xiaomi
	1A
	999
	400
	1
	4000
	0.22
	24
	539.90



	3
	Truliva
	KRL3913
	1999
	400
	1.5
	4800
	0.39
	36
	823.90



	4
	AO Smith
	1200M
	3088
	400
	1
	5500
	0.31
	36
	877.13



	5
	Midea
	MRO1891A
	1398
	400
	1.5
	4000
	0.22
	24
	579.80



	6
	Xiaomi
	S1
	2399
	800
	1.5
	4788
	0.29
	24
	934.16



	7
	Xiaomi
	500g
	1399
	500
	1
	4000
	0.25
	24
	639.90



	8
	AO Smith
	R1200XD2
	3688
	400
	1.5
	3600
	0.43
	36
	884.80



	9
	Truliva
	KRL3916
	2799
	600
	1.5
	7000
	0.3
	36
	979.90



	10
	Haier
	HRO4H98-2
	1799
	400
	1.5
	4000
	0.24
	36
	499.90



	11
	Midea
	MRC1882
	1798
	600
	1.5
	3500
	0.31
	24
	722.30



	12
	AO Smith
	1600M
	3988
	600
	1
	7000
	0.24
	36
	958.80



	13
	Midea
	MRC1991A
	1898
	400
	1.5
	6000
	0.18
	36
	549.80



	14
	Truliva
	KRL3915
	2999
	500
	1.5
	6200
	0.34
	36
	1002.57



	15
	Truliva
	KRL3006
	2499
	600
	1.5
	4000
	0.23
	24
	709.90



	16
	Philips
	AUT2002
	1799
	400
	1
	8000
	0.35
	24
	1579.90



	17
	Midea
	MRO1785D
	2998
	800
	2
	6000
	0.25
	36
	799.80



	18
	Midea
	MRO1936
	998
	400
	1
	3200
	0.19
	12
	707.80



	19
	Midea
	MRO1782D
	2698
	600
	1.5
	5000
	0.26
	36
	703.13



	20
	Angel
	J2407-ROB60
	1998
	500
	2
	5000
	0.4
	36
	866.47



	21
	Truliva
	KRL3005
	2199
	500
	1.5
	4000
	0.3
	24
	819.90



	22
	Gree
	WTE-PT63-2X601A
	2898
	400
	2
	5000
	0.32
	36
	823.13



	23
	Joyoung
	JR5002
	999
	500
	2
	2000
	0.55
	36
	466.57



	24
	Haier
	HRO4H56-3
	1599
	400
	1
	4000
	0.28
	36
	533.23



	25
	Haier
	HRO400-5(A)
	1488
	400
	1
	2000
	0.58
	24
	728.80



	26
	Viomi
	MR632-D
	1299
	600
	2
	7200
	0.15
	24
	669.90



	27
	Angel
	J2605-ROB60(A8)
	2798
	500
	2.4
	7000
	0.29
	36
	956.47



	28
	Philips
	AUT2036
	2299
	400
	1.5
	11,000
	0.17
	36
	853.23



	29
	Haier
	HRO6H22-4
	2188
	600
	1.5
	2000
	0.56
	36
	592.13



	30
	Truliva
	KRL3003
	1799
	400
	1.5
	4000
	0.3
	24
	779.90



	31
	Philips
	Pro400
	1399
	400
	1.5
	11,000
	0.35
	48
	1102.40



	32
	Angel
	J2658-ROB60
	2898
	500
	1.5
	5000
	0.43
	36
	1006.47



	33
	Truliva
	QR-RL-403
	1699
	400
	1.5
	3000
	0.52
	12
	1729.90



	34
	Angel
	J2749-ROB60
	2398
	400
	2
	3000
	0.58
	36
	819.80



	35
	Haier
	6H98
	2899
	600
	2
	4000
	0.29
	36
	676.57



	36
	Viomi
	MR432-D
	999
	400
	2
	7200
	0.14
	24
	603.90



	37
	3M
	R8-39G
	2699
	400
	1
	4000
	0.65
	24
	1569.90



	38
	Angel
	J2724-ROB90(A8)
	2998
	600
	2
	5000
	0.45
	36
	1049.80



	39
	Philips
	Pro500
	4999
	500
	1.5
	11,000
	0.29
	36
	1563.23



	40
	Haier
	HRO4h29-4(JD)
	2488
	400
	2
	2000
	0.63
	36
	668.80



	41
	Robam
	PRU400-J330
	2999
	400
	1.5
	4000
	0.31
	24
	919.90



	42
	Midea
	MRC1686A
	1998
	400
	2
	4000
	0.45
	36
	799.80



	43
	AO Smith
	2000M
	4788
	800
	1.5
	8000
	0.21
	36
	1038.80



	44
	Truliva
	403A(S)
	1699
	400
	2
	3000
	0.73
	36
	899.90



	45
	Haier
	HRO6H66 OOG
	1799
	600
	1.5
	4000
	0.41
	24
	999.90



	46
	Chanitex
	CSR700-T3
	2799
	700
	2
	7000
	0.27
	36
	909.90



	47
	AO Smith
	R1200MAR1
	5388
	400
	3
	5000
	0.44
	48
	1088.80



	48
	Chanitex
	CXR550-T1
	2399
	550
	2
	5500
	0.34
	36
	863.23



	49
	Midea
	MRC1982
	2498
	600
	1.5
	3500
	0.43
	24
	1002.30



	50
	Chanitex
	CR400-C-C-6
	1499
	400
	1
	4000
	0.33
	36
	589.90



	51
	Haier
	HRO6H98-2
	3499
	600
	2
	4000
	0.29
	24
	929.90



	52
	Midea
	MRO2008-500
	2398
	500
	1.5
	3400
	0.16
	12
	783.80



	53
	Midea
	MRO2019
	1498
	600
	1
	3600
	0.17
	12
	761.80



	54
	Supor
	DR2H1
	999
	400
	1.5
	12,000
	0.09
	36
	459.90



	55
	Supor
	DR3H6
	1599
	600
	1.7
	12,000
	0.11
	36
	599.90



	56
	352
	S100
	3589
	1000
	2
	7200
	0.14
	24
	862.90



	57
	Joyoung
	JYW-R7S
	1599
	700
	2
	4000
	0.5
	36
	826.57



	58
	352
	S100
	3589
	1000
	2
	7200
	0.14
	24
	862.90



	59
	AquaShield
	JPA400
	999
	400
	1.5
	8000
	0.32
	24
	1379.90



	60
	Philips
	AUT3036
	2999
	600
	1.5
	11,000
	0.19
	36
	996.57



	61
	Haier
	500G
	2099
	500
	2
	4000
	0.28
	36
	583.23



	62
	Robam
	PRU600-1330
	3299
	600
	1.5
	4000
	0.36
	24
	1049.90



	63
	Midea
	MRO2008-600
	2498
	600
	1.5
	3600
	0.17
	12
	861.80



	64
	Midea
	MRC1980-500G
	2298
	500
	2
	3400
	0.46
	24
	1011.80



	65
	Supor
	DR3H3
	1299
	400
	1.5
	4000
	0.3
	36
	529.90



	66
	AO Smith
	R2300RA9
	7518
	1000
	3
	8000
	0.3
	48
	1351.80



	67
	Philips
	AUT2033
	2999
	400
	1.5
	11,000
	0.17
	36
	923.23



	68
	Truliva
	KRL2803
	2299
	400
	2.5
	4000
	0.72
	24
	1669.90



	69
	Ecowater
	ERO232-3
	3998
	400
	1
	4000
	1.23
	24
	2859.80



	70
	Chanitex
	CTR500-C5
	2199
	500
	2
	5000
	0.32
	36
	753.23



	71
	Angel
	J2865-ROB75
	2498
	500
	2
	3000
	0.71
	36
	959.80



	72
	Haier
	HR04
	1399
	400
	1.5
	4000
	0.66
	36
	1019.90



	Min
	
	
	998
	400
	1
	2000
	0.09
	12
	459.9



	Median
	
	
	2299
	500
	1.5
	4000
	0.30
	24
	862.9



	Max
	
	
	7518
	1000
	3
	12,000
	1.23
	48
	2859.8
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	Metrics
	Urban
	Rural
	National Average





	Disposable Income
	43,834
	17,131
	32,189



	Total Expenditure
	27,007
	13,713
	21,210



	Discretionary Expenditure
	1640
	768
	1260



	Median Price/Disposable Income
	5.2%
	13.4%
	7.1%



	Median Price/Total Expenditure
	8.5%
	16.7%
	10.8%



	Median Price/ Discretionary Expenditure
	140.2%
	299.3%
	182.4%



	Median Cost/Disposable Income
	2.0%
	5.0%
	2.9%



	Median Cost/Total Expenditure
	3.2%
	6.3%
	4.1%



	Median Cost/Discretionary Expenditure
	52.6%
	112.4%
	68.5%










 





Table 3. The adoption rate and price affordability correlation coefficient matrix.
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	Metrics
	PDI *
	PTE *
	PDE *
	Units Sold
	Units Mfd.
	PPS *
	Price
	Adoption Rate





	PDI *
	1.00
	1.00
	0.99
	−0.78
	−0.88
	−0.75
	−0.55
	−0.80



	PTE *
	1.00
	1.00
	0.99
	−0.76
	−0.87
	−0.73
	−0.53
	−0.79



	PDE *
	0.99
	0.99
	1.00
	−0.74
	−0.86
	−0.71
	−0.52
	−0.73



	Units Sold
	−0.78
	−0.76
	−0.74
	1.00
	0.97
	0.99
	0.90
	0.86



	Units Mfd.
	−0.88
	−0.87
	−0.86
	0.97
	1.00
	0.95
	0.87
	0.87



	PPS *
	−0.75
	−0.73
	−0.71
	0.99
	0.95
	1.00
	0.89
	0.82



	Price
	−0.55
	−0.53
	−0.52
	0.90
	0.87
	0.89
	1.00
	0.70



	Adoption Rate
	−0.80
	−0.79
	−0.73
	0.86
	0.87
	0.82
	0.70
	1.00







* PDI: Price/Disposable Income; PTE: Price/Total Expenditure; PDE: Price/Discretionary Expenditure; PPS: Proportion of Products Sold.













 





Table 4. The annual cost correlation coefficient matrix.
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	Metrics
	Rank
	Flow Rate
	PDR *
	Vol
	Water Cost
	Lifespan
	Price
	Maint. Cost
	Annual Cost





	Rank
	1.00
	0.15
	0.32
	0.11
	0.23
	0.01
	0.20
	0.25
	0.29



	Flow Rate
	0.15
	1.00
	0.32
	0.17
	−0.30
	-0.01
	0.47
	-0.19
	−0.02



	PDR *
	0.32
	0.32
	1.00
	0.05
	0.05
	0.38
	0.38
	−0.15
	−0.02



	Water Cost
	0.23
	−0.30
	0.05
	−0.48
	1.00
	0.09
	0.06
	0.62
	0.59



	Lifespan
	0.01
	−0.01
	0.38
	0.33
	0.09
	1.00
	0.34
	−0.26
	−0.13



	Price
	0.20
	0.47
	0.38
	0.21
	0.06
	0.34
	1.00
	0.12
	0.42



	Maint. Cost
	0.25
	−0.19
	−0.15
	0.04
	0.62
	−0.26
	0.12
	1.00
	0.95



	Annual Cost
	0.29
	−0.02
	−0.02
	0.10
	0.59
	−0.13
	0.42
	0.95
	1.00







* PDR: Pure to Drain Ratio.
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