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Abstract

Emerging technologies have driven the rise of many water-related startups and created new

opportunities in water markets. The global water crisis could be mitigated by applying inno-

vative technologies, sound water management decisions, and successful business models,

and it is essential to better understand the status and future trends of emerging water mar-

kets. This study aims to discover shifts in the entrepreneurial landscape and evaluate water

startups’ development performance for the sustainable development of emerging water

markets. We collected and analyzed data including the founding date, service area, service

provided, details of funding raised, revenues, and consumer responses on 132 water start-

ups founded between 2008 and 2018 in California, USA. Our results indicated that municipal

area dominated the emerging water startup market compared to agricultural and industrial

areas, and that many of the services provided shifted from conventional technologies to digi-

tal technologies. Though digital water startups’ current revenues were relatively low, digital

techniques applied in the water industry exhibited the good potential to promote public

health and water saving. The development trends and performance of water startups

enlighten the technological and commercial revolutions in the emerging water market, and

provide guidelines for the decision-making in relevant stakeholders in the scientific, govern-

mental, and industrial communities.

Introduction

Water is one of the most critical global issues, particularly water accessibility, water quality,

and water management. By 2050, global water demand is expected to increase 20 to 30% of

current water use [1]. Nearly half of the global population has already been living in areas that

experience potential water scarcity at least one month per year, and such scarcity could affect

from 4.8 to 5.7 billion people by 2050 [2]. Even worse, it is reported that there was 2000 million

kg of sewage and other effluents discharged directly into water bodies without any treatment

every day in developing countries [3]. This unmitigated pollution has caused the severe con-

tamination of water sources with pathogens (e.g., bacteria, viruses, protozoa), heavy metals,

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0246282 February 4, 2021 1 / 14

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Liu P, Huang Y, Hermanowicz SW (2021)

Shifting entrepreneurial landscape and

development performance of water startups in

emerging water markets. PLoS ONE 16(2):

e0246282. https://doi.org/10.1371/journal.

pone.0246282

Editor: Xiangming Fang, China Agricultural

University, CHINA

Received: October 5, 2020

Accepted: January 17, 2021

Published: February 4, 2021

Copyright: © 2021 Liu et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: This research was financially supported

by National Natural Science Foundation of China

under 42077293 and 22006088; Natural Science

Foundation of Guangdong Province under

2019A1515011692, and 2019QN01L797;

Shenzhen Municipal Science and Technology

Innovation Committee under

JCYJ20190809181413713; and Overseas

https://orcid.org/0000-0001-8124-643X
https://orcid.org/0000-0003-3708-0262
https://doi.org/10.1371/journal.pone.0246282
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246282&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246282&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246282&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246282&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246282&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246282&domain=pdf&date_stamp=2021-02-04
https://doi.org/10.1371/journal.pone.0246282
https://doi.org/10.1371/journal.pone.0246282
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


toxic organic substances, and emerging pollutants (e.g., pharmaceuticals and personal care

products (PPCPs), endocrine disrupting compounds (EDCs)), which may further result in

public health concern and eco-environmental risks [4]. Water used in agronomy accounts for

more than 50% of the water consumption every year, while the agricultural production also

causes contamination of water sources [5,6]. There were also various problems in water man-

agement, including the lack of planning, distributing, and managing the optimal use of water

resources. For example, a global estimated 3.2×104 million m3 of water was lost during the

water distribution each year [7]. Half of the water losses occur in developing countries, where

roughly 45 million m3 of water was lost daily through water leakage in the distribution net-

works, enough to serve nearly 200 million people. The efficiency of water resources manage-

ment should be improved.

Effective solutions should be provided at different levels to address global water issues,

from the micro-level (research and development (R&D) of innovative technology) to the

meso-level (commercialization), and to the macro-level (government management). Innova-

tive R&D in the water sector has been studied extensively. For example, nanotechnologies

were used for water treatment and purification [8]. Solar-enabled technologies were applied

for desalination, detoxification, and disinfection [9]. Another burgeoning topic was the

engagement of digital technologies, including sensors for monitoring water quality [10] and

big data analytics on water supplies [11]. There were also studies providing strategies for gov-

ernmental water management, including the adaptive paradigm for water policy management

[12] and the Integrated Water Resources Management (IWRM) approach [13]. However, the

economic development and population growth now require more water resources globally,

and the rate and intensity of climate change is also contributing to water depletion worldwide

[14]. Coping with the increasingly severe water crisis can not only depend on the solutions of

the micro-level (R&D of innovative technology) and the macro-level (government manage-

ment). The meso-level (commercialization), such as applications in the commercial water

market, needs to be paid more attention to because practical applications could provide water

value for the public directly and solve problems efficiently. However, only few studies have

addressed the commercial water market, mainly focusing on sustainable business models [15]

and water rights transactions [16]. Little attention was paid to water startups in commercial

markets. These startups are young companies founded by entrepreneurs to develop a unique

product or service. The entrepreneurs have their focus shifted in primary services, target mar-

kets, and development performance in the last decade. It is essential to investigate these

changes in this entrepreneurial landscape. Water entrepreneurship, which aims to solve signif-

icant societal and environmental problems and move beyond an exclusive focus on business

pragmatism, has played a vital role in guaranteeing water quantity and water quality, not only

for our generation but also for future generations [17]. To promote the sustainable develop-

ment of the emerging water market, water startups’ shifting landscape and development per-

formance should be examined. The outcomes of such examination will undoubtedly guide the

decision-making by relevant stakeholders (i.e., entrepreneurs, scientists, policymakers, venture

capitalists, and consumers).

To investigate the recent changes in the emerging water market, we compiled a dataset cov-

ering water startups founded between 2008 and 2018 in California, USA. California is one of

the most active enterprise markets globally and has the world’s largest and most productive

water system. It could be a representative case study to explore changing trends and make

future perspectives. From 2008 to 2018, California was faced with a continuous drought that

the mean value of the Palmer Drought Severity Index (PDSI) was at -2.26 in the period [18].

The continuous drought state had resulted in negative effects on water supply in California.

Meanwhile, the continuous growing population and urbanization increase the water use
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demand, which is projected a 4.1% increase by 2062 according to the US Geological Survey

and the Nature Conservancy (TNC) [19]. The huge gap between water supply and demand

required measures and actions to mitigate the water crisis. Although California carried out

mandatory measures, such as the first urban water use law (2011) and Sustainable Groundwa-

ter Management as the first groundwater management legislation in the state’s history (2014)

[19], which only partially relieve water use stress. To better solve the water issues, more tech-

nological innovations should be emerged to improve water quality, reduce water use, and

increase water management efficiency sustainably. The objective of this study is to discover

shifts in the entrepreneurial landscape and evaluate the development performance of water

startups for the sustainable development of emerging water markets. The following shows the

framework flow process for this study (Fig 1). It started with scope definition followed by data

collection and analysis leading to conclusions with details in the subsequent sections.

Methods

Data collection

Detailed information about the water startups was collected from Crunchbase, a leading data-

base for professionals to acquire business information about innovative companies worldwide,

including general information, financial information, and marketplace information [20]. The

search was limited by the following criteria: headquarters in California, water-related business,

and the founding date between 1/1/2008 and 12/31/2018. The search in Crunchbase yielded a

total of 269 water startups in February 2019. Another two databases, AngelList and Matter-

mark [21,22], were used to cross-check to ensure comprehensive data collection, adding

another 46 water startups. Details of the search strategy are in S1 Text of Supporting Informa-

tion (SI).

The data on the 315 water startups were examined to verify the locations (California),

founding dates (between 2008 and 2018), and specific services provided (improving water

quality, saving water quantity, or increasing water management efficiency directly and indi-

rectly) based on information available on the startups’ official websites and Crunchbase. Even-

tually, the list was refined to 132 qualified water startups, as shown in S1 Dataset.

Data analysis

These 132 startups were coded based on target markets and the services provided. Target mar-

kets included agriculture, industry, and municipality/household areas. Specifically, water ser-

vices are provided to improve water efficiency and/or crop yield in agricultural area, while the

services provided to industrial and municipality/household areas are mostly to monitor water

leaking, improve water quality, etc. Note that some startups provide services to more than one

area/market. Services provided by the water startups included design, consulting, venture capi-

tal (VC)/financing/incubator/accelerator, non-governmental organization (NGO) activities,

digital technology, and physical/chemical/biological technology. The specific service contents

are listed in S2 Text.

Several representative indicators were selected for further analysis, including target market,

service provided, founding date, funding raised (e.g., funding status, total funding amount.),

revenue per year, Crunchbase Rank (CB Rank), consumer responses on desktop and mobile

webs (e.g., average visits, page views/visit, details are provided in S3 Text). Particularly, the CB

Rank is a dynamic ranking for all entities (e.g., companies, organizations) in the Crunchbase

dataset that measures the prominence of an entity. The CB Rank is determined by a proprie-

tary algorithm that incorporates total funding amount, page views, follows, funding events,

news articles, acquisitions, the number of connections a profile has, the level of community
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Fig 1. The framework of the study. The search strategy of data collection and the definitions of evaluation indicators are provided in the SI as S1 and S3 Text,

respectively.

https://doi.org/10.1371/journal.pone.0246282.g001
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engagement, and other factors [23–25]. A company’s CB Rank is fluid and can rise or decay

over time, depending on time-sensitive events. Events such as product launches, funding

events, leadership changes, and news affect a company’s CB Rank (Details are explained in S3

Text).

Based on above the indicators, the distributions of water startups among different founding

year, target markets, and service areas were investigated with flow analysis and presented in

Sankey diagrams. The water startup business performance and market feedback, including the

financial situation, consumer responses, and CB Rank were quantitatively analyzed. Sankey-

MATIC [26] was used to plot Sankey diagrams, and R software was used to plot violin plots.

Results and discussion

Shifting landscape of emerging water markets

The municipal/household area occupied the most substantial part of the target market (Fig 2)

over the entire period from 2008 to 2018 (Fig 3). The growth of population and urbanization

could increase water demand and aggregate water pollution [27]. The urban residents also

became more concerned about water safety in daily life as living standards improved, promot-

ing the development of emerging water markets. Overall, the agricultural area constituted the

second largest part of the target market (Fig 2). Particularly between 2012 and 2015, the num-

ber of water startups serviced in agricultural areas exceeded that in industrial areas (Fig 3).

Fig 2. The distributions of water startup numbers among the founding year, target markets, and services.

https://doi.org/10.1371/journal.pone.0246282.g002
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California ranks as the leading agricultural state nationwide based on the value of agricultural

sales and production [28], and agriculture has a significant impact on water use in California.

California has the highest number of irrigated farm acres and the highest water use per acre

than other states in the US. This accounts for roughly 40%-80% of total water supplies based

on different survey methods and assumptions [28]. More than 400 agricultural commodities

were grown or produced in California [28], with an increasing shift to high-value, more per-

manent, and more water-intensive crops driven by market benefits [19]. For example,

almonds, the state’s largest agricultural export by value [29], occupied 31% of the irrigated

acres and had the second-largest net water use [28]. The high water consumption has pro-

moted innovations in agriculture to increase water efficiency.

Digital technology was the most popular service provided by water startups, followed by

physical/chemical/biological technology (Fig 2). There was no apparent difference between the

services provided by NGO, consulting, design, and VC/financing/incubator/accelerator (Fig

2). Digital technology has increased dramatically since 2013, and has become more popular

than other services (Fig 4). The popularity might be associated with the fast development of

digital technology such as sensors [10] and big data analytics [11], which have brought about

technological updates in the water industry. Undoubtedly, the application of digital technology

has many potential advantages for the water area. For utilities, digital technology can monitor

infrastructure’s status to extend the operational life and reduce the overall cost of projects via

Fig 3. Changes in water startups numbers with different target markets from 2008 to 2018.

https://doi.org/10.1371/journal.pone.0246282.g003

Fig 4. Changes in water startup numbers with different services from 2008 to 2018.

https://doi.org/10.1371/journal.pone.0246282.g004
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the proactive replacement of hardware and/or software [30]. It can also help maintain close

relationships with consumers by providing payment reminders, which would reduce the num-

ber of delinquent accounts and increase cash flow at the utility end. The real-time interactive

digital techniques also assess quick customer feedback and help the water startups provide

immediate improvements. On the other hand, the consumers can be alerted to high water con-

sumption or leaks in real-time, reducing water bills and waste [30]. Such real-time manage-

ment could increase public awareness of water use and further change social behavior. In

addition, drinking water safety and public health could be secured via real-time water quality

monitoring with advances in digital technology [30]. Therefore, digital water startups could be

helpful for overall social benefits in a long term from the perspectives of economic costs,

water-saving, and public health. For example, a program of real-time water meter-reading car-

ried out by Mackay Regional Council, Queensland, Australia, from 2010 onwards, helped the

utility defer $100M infrastructure costs for four years [31]. It also saved $20M net present

value (NPV) by reducing 10% monthly peak demand, and improved customer knowledge and

relations.

Physical/chemical/biological technology still plays an essential role in conventional water

treatment (Figs 2 and 4). Particularly, due to the increasing demand on the effective removal

of trace levels of emerging contaminants, it provides huge driving forces on upgrading the

water infrastructures with advanced techniques. Among innovations applied in physical/

chemical/biological technology, solar energy [9] and nanotechnology [8,32] enhanced tech-

niques are the most promising ones. Solar technology’s major engagement in water treatment

is to power the desalination, detoxification, and disinfection with solar energy [9]. For exam-

ple, a solar company (founded in 2011 in Palo Alto, California) is developing technologies for

small and medium-scale solar thermal water heaters, solar water purification, and desaliniza-

tion that avoid the use of costly materials and intricate manufacturing processes. The solar

company has initiated projects for remote communities and coastal towns. On the other hand,

nanotechnology and engineered nanomaterials were increasingly applied for water purifica-

tion and wastewater treatment, including water quality monitoring, specialty adsorbents,

high-performance membranes, and disinfection, etc. [8,32]. The application of nanotechnol-

ogy could not only enhance treatment efficiency, but also promote the de-centralized water

facilities, which would alleviate the risk of secondary contamination during the distribution

process. For example, a company founded in 2009 in Concord, California, produces water

purification cartridges for a point-of-use system to produce clean water that meets US EPA

drinking water standards. Nano-fiber membranes are used to eliminate bacteria, protozoan

cysts, and other contaminants. The water purification cartridge exhibits high performance

with the feature of little maintenance and easy replacement.

Water startup business performance and market feedback

A typical funding process includes the following stages: seed, early-stage venture, private

equity, late-stage venture, and initial public offering (IPO) or acquisition. Most of the investi-

gated water startups were still at the funding status of seed or early-stage ventures. Only four

startups were in the funding stage of private equity or late-stage venture. All of the investigated

startups were still far from the IPO stage according to theories of investment stages (Fig 5)

[33–35]. The relatively slow development resulted from the following three reasons. First,

major causes of water scarcity, such as population growth, take decades to happen [36], which

would also lead to a delay in the response of market and investment. Second, investors would

evaluate the political/regulatory risk, which usually involves numerous stakeholders with dif-

ferent interests and may compete for favorable regulations [37]. Political risk arises when
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politicians override the terms of agreed contracts, which creates barriers for water startups to

raise money during different investment stages. Third, water companies are exposed to high-

level liquidity risk as most water projects have a long duration of about 25–30 years [37],

which would lead to the situation that investments are often long-lived and cannot be readily

reversed and converted into cash. Therefore, the revenues and profits of water startups cannot

meet the requirements for IPO in a short time.

The mean and median values of the total funding amounts and total revenues per year were

used to evaluate the responses of investors to water startups and startups’ financial situations

(Table 1). As the nature of VC/financing/incubator/accelerator is to raise money for invest-

ment, it had the highest mean and median value of total funding (Table 1). Digital technology

ranked second with a mean value of $14.78 million, which indicates that investors were willing

to invest in trending digital technology. For example, a digital water startup providing service

for agriculture, raised $226 million (details in S1 Dataset). However, the median value of total

funding for digital water startups was only $2.88 million, suggesting a significant variance in

funding among digital water startups. Although digital technology was developing fast, not all

digital water startups could get large amounts of funding. The digital services had a lower

mean median value of total revenue per year (Table 1), which could be associated with the

nature of lower purchasing frequency compared to other industries (e.g., physical/chemical/

biological technology). Besides, most digital startups were founded after 2013 (Fig 4) and

Fig 5. The Sankey diagram of water startups’ funding stages. � N/A means data not available.

https://doi.org/10.1371/journal.pone.0246282.g005

PLOS ONE Water startups in emerging water markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0246282 February 4, 2021 8 / 14

https://doi.org/10.1371/journal.pone.0246282.g005
https://doi.org/10.1371/journal.pone.0246282


currently in the early development stage (Fig 5), resulting in a relatively smaller number of cus-

tomers, which could be another reason for the lower revenue.

However, the fact that digital startups occupied the second place in the mean and median

values of CB Rank (Fig 6) demonstrates their high potential in the market (The CB Rank is a

dynamic ranking of all the entities in the Crunchbase dataset and measures the prominence of

an entity. The smaller the CB Rank, the more prominent the organization. More information

about CB Rank is provided in S3 Text). Note that digital technology may be used by home-

owners more widely in the future, which would help construct smart water grids and increase

overall social benefits in the long term. For example, a company was founded in 2015 in Los

Angeles, California, and its business is to protect the entire homes from water damage and

leaks. Consumers can get alerts on their phones in real-time if a leak is detected in the home,

and can also set water consumption goals, monitor daily usage, and turn the water on and off

remotely. The company declares that 17 gallons of water are lost every day due to leaks in a

typical home, but 60% of homeowners had immediately discovered a leak with their service,

saving 6205 gallons of water per year for each homeowner.

Table 1. Mean and median values (millions of dollars) of total capital funding and revenue for water startups providing different services1.

VC/financing/incubator/

accelerator

digital

technology

physical/chemical/biological

technology

Consulting2 Design2 NGO2

Total capital funding (million

dollars)

mean 166.80 14.78 9.25 8.60 5.00 N/A3

median 75.00 2.88 5.95 8.60 5.00 N/A3

Kruskal-Wallis test Chi-square = 12.462; DF = 4; P = 0.0142

Revenue (million dollars/year) mean 2.53 3.77 8.13 7.18 3.00 4.84

median 1.75 2.69 4.57 7.18 3.00 5.10

Kruskal-Wallis test Chi-square = 6.207; DF = 5; P = 0.2866

1Values were calculated from S1 Dataset.
2Consulting, NGO, and design categories only have 1–3 data points.
3N/A means that NGO does not have data on total capital funding.

https://doi.org/10.1371/journal.pone.0246282.t001

Fig 6. The CB Ranks of all water startups providing different services. VC.: VC/financing/incubator/accelerator. Dig. Tech: Digital technology. Conv. Tech:

Physical/chemical/biological technology.

https://doi.org/10.1371/journal.pone.0246282.g006
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Physical/chemical/biological technology ranked medium in the mean value and median

value of the total funding amount (Table 1) and CB Rank (Fig 6). However, the mean total rev-

enue per year of the physical/chemical/biological technology was the highest at around $8.13

million per year because it is the leading technology for water treatment and has been widely

accepted and used by the public. Also, it is characterized by high consumption frequency as

consumers consume the chemical and/or biological materials continuously and need to main-

tain physical equipment regularly, which could increase the revenue.

To study consumer response, we evaluated the mean values of average monthly visits to

sites (over the latest 6-month, and data was accessed from Crunchbase in February 2019). Fur-

thermore, monthly page views per visit, bounce rate, and visit duration per visit (accessed

from Crunchbase in February 2019). Detailed results were listed as S1 Table, with supplemen-

tary explanations of the indicators in S3 Text. Consulting and VC/financing/incubator/accel-

erator were more popular with consumers than other services based on overall levels of the

four indicators.

Business features and trends of digital water startups

The preliminary analysis showed that digital technology exhibited high promise and long-

term development trends. Further investigation was done on the capital, revenues, and con-

sumer responses of digital technology. The primary customer of digital water startups was

municipal/household area (45.26% of the customers), followed by agricultural and industrial

areas (Table 2). The digital water startups serving the agricultural area raised the highest fund-

ing amount, averaging $18.16 million (Table 2). The agricultural area ranked lowest in terms

of mean and median of CB rank (Fig 7), which indicates the prominence of digital technology

in this area. But the mean and median total revenue of digital technology in agriculture was

the lowest (Table 2). The relatively steep learning curve of adopting emerging technologies

may be the major barrier since farmers have fewer motivations whenever the shifting process

is complex, time-consuming, or expensive [38]. However, various subsidy and grant programs

from the U.S. Department of Agriculture (USDA) and California Department of Food & Agri-

culture (CDFA) to support agricultural water development are available. For example, the

State Water Efficiency and Enhancement Program (SWEEP) [39] provides financial assistance

in the form of grants to implement irrigation systems that reduce greenhouse gases and save

water across California agricultural operations. The CDFA has granted awards to 725 projects

covering over 127,100 acres. $72.2 million has been awarded in the period up to and including

2019, with more than $47.7 million in matching funds contributed by awardees. Digital tech-

nology in the industrial area received higher mean and median total revenue compared with

Table 2. Mean and median values (millions of dollars) of total capital funding and revenue, and percentages of digital water startups with different target markets1.

agricultural area2 municipal/household area2 industrial area2

Percentage 31.58% 45.26% 23.16%

Total capital funding (million dollars) mean 18.16 9.41 8.89

median 2.96 1.60 2.92

Kruskal-Wallis test Chi-square = 0.478; DF = 2; P = 0.7874

Revenue

(million dollars/year)

mean 2.99 4.41 5.90

median 2.69 3.00 3.62

Kruskal-Wallis test Chi-square = 1.242; DF = 2; P = 0.5374

1Values were calculated from S1 Dataset.
2Some water startups that serve more than one area were counted more than once.

https://doi.org/10.1371/journal.pone.0246282.t002
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municipal/household and agricultural areas (Table 2), as the industries are usually at the fron-

tier to adopt the advanced technologies to improve efficiency.

We evaluated the same indicators for the consumer response to digital water companies as

that for all water startups (S2 Table), including the mean values of average monthly visits to

sites (over the latest 6-month, and data was accessed from Crunchbase in February 2019). Fur-

thermore, monthly page views per visit, bounce rate, and visit duration per visit (accessed

from Crunchbase in February 2019). However, there were no apparent differences among the

three service areas regarding customer response.

Future perspectives and limitations

Population growth and urbanization are common factors intensifying water demand in many

cities, but different cities have specific water problems based on other local situations. For

example, high agricultural water usage and recent local wildfires in California increased water

demand, while the main problem facing industrial cities around the Liao River Delta in China

is water pollution [40]. Thus, providing solutions to local water issues should be the top prior-

ity for water startups. Meanwhile, the government should address more on foreseeing the

potential water crisis in a mid-and-long term, and be proactive in water management to avoid

catastrophic water shortages like the one experienced by Cape Town, South Africa [41]. Finan-

cial support from governments is also an essential source for those water startups with less rev-

enue, for example, startups that use digital technology to serve the agriculture area.

Furthermore, for entrepreneurs and scientists, to maximize the advantages of different sectors,

it would be beneficial to engage digital technology and other emerging technologies into the

conventional physical/chemical/biological technologies.

Notably, due to the data availability, some results may not be representative, for example,

there were only 1–3 data points for the total capital funding and revenue in consulting, NGO,

and design categories. Another major limitation lies on the limited sample size and short dura-

tion of available data to evaluate the consumer response, though web page visits may not nec-

essarily result in actual customer relationships. A better way to evaluate consumers’ feedback

is to conduct customer surveys, which should be investigated in future studies. Nevertheless,

the main conclusions of current study are sound with concrete support of the presented data

and analysis.

Fig 7. The CB Ranks of digital water startups with different target markets.

https://doi.org/10.1371/journal.pone.0246282.g007
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Conclusions

In this study, we investigated the shifting landscape and development performance of emerg-

ing water startups in California. With population growth, urbanization, and improvements in

living standards, most water startups chose to serve municipal/household areas. Agriculture

was the second-largest target market for water startups due to California’s agricultural charac-

teristics. An increasing fraction of the services provided were changing from conventional

technologies to digital technologies. Investors were more interested in investing in digital

water startups than in other services, but not all digital startups can get large amounts of fund-

ing. Although digital startups had the lowest mean total revenue, they could yield overall social

benefits by decreasing water bills, increasing public awareness of water use, and protecting

public health. Conventional physical/chemical/biological technologies were still crucial in

emerging water markets, with higher revenues than other services, but the number of startups

in this sector decreased. Consulting and VC/financing/incubator/accelerator were more popu-

lar with consumers than other services. These findings shed light on current water market con-

ditions in California, and can be used to guide entrepreneurs, scientists, policymakers, and

venture capitalists. Entrepreneurs and scientists would have better scenes of the technologies

and service demand from the water markets, while the venture capitalists would improve the

investment strategies based on the current overall performance of water startups. It also pro-

vides a solid reference for policymakers to formulate relevant measures and provide financial

support to promote the sustainable development of emerging water markets.

Supporting information

S1 Table. Consumer response for overall water startups.

(DOC)

S2 Table. Consumer response for digital water startups.

(DOC)

S1 Dataset. The full list of water startups.

(XLSX)

S1 Text. The Search strategy of data collection.

(DOC)

S2 Text. Services provided by the water startups.

(DOC)

S3 Text. Evaluation indicators.

(DOC)

Acknowledgments

This work made use of the data from the Crunchbase, AngelList and Mattermark platforms.

We also thank Eugene Zhang and Louis Li from TSVC, a leading early-stage venture capital

fund in Silicon Valley, for initial support in this project.

Author Contributions

Conceptualization: Peiyuan Liu.

Funding acquisition: Yuxiong Huang, Slav W. Hermanowicz.

Project administration: Yuxiong Huang.

PLOS ONE Water startups in emerging water markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0246282 February 4, 2021 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246282.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246282.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246282.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246282.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246282.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0246282.s006
https://doi.org/10.1371/journal.pone.0246282


Supervision: Yuxiong Huang.

Writing – original draft: Peiyuan Liu.

Writing – review & editing: Yuxiong Huang, Slav W. Hermanowicz.

References
1. UNESCO World Water Assessment Programme. The United Nations World Water Development

Report 2019: Leaving No One Behind. UNESCO; 2019. Available: https://books.google.com/books?

id=i5CNDwAAQBAJ.

2. UNESCO World Water Assessment Programme. The United Nations World Water Development

Report 2018: Nature-Based Solutions For Water. UNESCO; 2018. Available: https://books.google.

com/books?id=4GtTDwAAQBAJ.

3. Ahuja S. Evaluating Water Quality to Prevent Future Disasters. Academic Press; 2019. Available:

https://books.google.nl/books?id=LxOaDwAAQBAJ.

4. Prüss-Ustün A, Wolf J, Bartram J, Clasen T, Cumming O, Freeman MC, et al. Burden of disease from

inadequate water, sanitation and hygiene for selected adverse health outcomes: An updated analysis

with a focus on low- and middle-income countries. Int J Hyg Environ Health. 2019; 222: 765–777.

https://doi.org/10.1016/j.ijheh.2019.05.004 PMID: 31088724

5. Yaobin L, Lin Q, Fengbo L, Xiyue Z, Chunchun X, Long J, et al. Impact of Rice-Catfish/Shrimp Co-cul-

ture on Nutrients Fluxes Across Sediment-Water Interface in Intensive Aquaculture Ponds. Rice Sci.

2019; 26: 416–424. https://doi.org/10.1016/j.rsci.2019.06.001

6. Arefieva OD, Vasilyeva MS, Ermolenko EV, Bychkova AV. Photocatalytic Treatment of Waste Water

from Rice Husk Alkaline Hydrolysate. Rice Sci. 2019; 26: 257–260. https://doi.org/10.1016/j.rsci.2018.

10.008

7. Kingdom B, Liemberger R, Marin P. The Challenge of Reducing Non-Revenue Water (NRW) in Devel-

oping Countries How the Private Sector Can Help: A Look at Performance-Based Service Contracting.

2006. Available: http://hdl.handle.net/10986/17238.

8. Qu X, Alvarez PJJ, Li Q. Applications of nanotechnology in water and wastewater treatment. Water

Res. 2013; 47: 3931–3946. https://doi.org/10.1016/j.watres.2012.09.058 PMID: 23571110

9. Blanco J, Malato S, Fernández-Ibañez P, Alarcón D, Gernjak W, Maldonado MI. Review of feasible

solar energy applications to water processes. Renew Sustain Energy Rev. 2009; 13: 1437–1445.

https://doi.org/10.1016/j.rser.2008.08.016

10. Adu-Manu KS, Tapparello C, Heinzelman W, Katsriku FA, Abdulai J-D. Water Quality Monitoring Using

Wireless Sensor Networks:Current Trends and Future Research Directions. ACM Trans Sens Net-

works. 2017; 13: 1–41. https://doi.org/10.1145/3005719

11. Koo D, Piratla K, Matthews CJ. Towards Sustainable Water Supply: Schematic Development of Big

Data Collection Using Internet of Things (IoT). Procedia Eng. 2015; 118: 489–497. https://doi.org/10.

1016/j.proeng.2015.08.465

12. Allan C, Xia J, Pahl-Wostl C. Climate change and water security: Challenges for adaptive water man-

agement. Curr Opin Environ Sustain. 2013; 5: 625–632. https://doi.org/10.1016/j.cosust.2013.09.004

13. Al-Saidi M. Conflicts and security in integrated water resources management. Environ Sci Policy. 2017;

73: 38–44. https://doi.org/10.1016/j.envsci.2017.03.015

14. F. T. Avelino A, Dall’erba S. What Factors Drive the Changes in Water Withdrawals in the U.S. Agricul-

ture and Food Manufacturing Industries between 1995 and 2010? Environ Sci Technol. 2020; 54:

10421–10434. https://doi.org/10.1021/acs.est.9b07071 PMID: 32786598

15. Sousa-Zomer TT, Cauchick Miguel PA. Sustainable business models as an innovation strategy in the

water sector: An empirical investigation of a sustainable product-service system. J Clean Prod. 2018;

171: S119–S129. https://doi.org/10.1016/j.jclepro.2016.07.063

16. Brown TC. Trends in water market activity and price in the western United States. Water Resour Res.

2006; 42: 1–14. https://doi.org/10.1029/2005WR004180

17. Ziegler R, Partzsch L, Gebauer J, Henkel M, Lodemann J, Mohaupt F. Social Entrepreneurship in the

Water Sector: Getting Things Done Sustainably. Edward Elgar Publishing; 2014. https://doi.org/10.

4337/9781783471317

18. NOAA National Centers. Climate at a Glance: Statewide Time Series. 2020 [cited 22 Dec 2020]. Avail-

able: https://www.ncdc.noaa.gov/cag/statewide/time-series/4/pdsi/all/12/2008-2018?base_prd=

PLOS ONE Water startups in emerging water markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0246282 February 4, 2021 13 / 14

https://books.google.com/books?id=i5CNDwAAQBAJ
https://books.google.com/books?id=i5CNDwAAQBAJ
https://books.google.com/books?id=4GtTDwAAQBAJ
https://books.google.com/books?id=4GtTDwAAQBAJ
https://books.google.nl/books?id=LxOaDwAAQBAJ
https://doi.org/10.1016/j.ijheh.2019.05.004
http://www.ncbi.nlm.nih.gov/pubmed/31088724
https://doi.org/10.1016/j.rsci.2019.06.001
https://doi.org/10.1016/j.rsci.2018.10.008
https://doi.org/10.1016/j.rsci.2018.10.008
http://hdl.handle.net/10986/17238
https://doi.org/10.1016/j.watres.2012.09.058
http://www.ncbi.nlm.nih.gov/pubmed/23571110
https://doi.org/10.1016/j.rser.2008.08.016
https://doi.org/10.1145/3005719
https://doi.org/10.1016/j.proeng.2015.08.465
https://doi.org/10.1016/j.proeng.2015.08.465
https://doi.org/10.1016/j.cosust.2013.09.004
https://doi.org/10.1016/j.envsci.2017.03.015
https://doi.org/10.1021/acs.est.9b07071
http://www.ncbi.nlm.nih.gov/pubmed/32786598
https://doi.org/10.1016/j.jclepro.2016.07.063
https://doi.org/10.1029/2005WR004180
https://doi.org/10.4337/9781783471317
https://doi.org/10.4337/9781783471317
https://www.ncdc.noaa.gov/cag/statewide/time-series/4/pdsi/all/12/2008-2018?base_prd=true&begbaseyear=2008&endbaseyear=2018&trend=true&trend_base=10&begtrendyear=2008&endtrendyear=2018&filter=true&filterType=binomial
https://doi.org/10.1371/journal.pone.0246282


true&begbaseyear=2008&endbaseyear=2018&trend=true&trend_base=10&begtrendyear=

2008&endtrendyear=2018&filter=true&filterType=binomial.

19. Wilson TS, Sleeter BM, Cameron DR. Future land-use related water demand in California. Environ Res

Lett. 2016; 11: 054018. https://doi.org/10.1088/1748-9326/11/5/054018

20. Crunchbase. Discover innovative companies and the people behind them. In: Crunchbase [Internet].

2019 [cited 8 Feb 2019]. Available: https://www.crunchbase.com.

21. AngelList. All Companies. In: AngelList [Internet]. 2019 [cited 8 Feb 2019]. Available: https://angel.co/

companies.

22. Mattermark. Discover, prospect, and track the world’s fastest-growing companies and investors. In:

Mattermark [Internet]. 2019 [cited 8 Feb 2019]. Available: https://mattermark.com.

23. Crunchbase Staff. Crunchbase Rank (CB Rank). In: Crunchbase [Internet]. 2019 [cited 5 May 2019].

Available: https://support.crunchbase.com/hc/en-us/articles/115010477187-Crunchbase-Rank-CB-

Rank.

24. Stephan D. What Is Crunchbase Rank and Trend Score. In: Crunchbase [Internet]. 2018 [cited 5 May

2019]. Available: https://about.crunchbase.com/blog/crunchbase-rank-trend-score/.

25. Schools D. How to Use Crunchbase Rank & Trend Score to Find Influential Companies & Market

Trends. In: Crunchbase [Internet]. 2016 [cited 5 May 2019]. Available: https://about.crunchbase.com/

blog/influential-companies/.

26. SankeyMATIC. Build a Sankey Diagram. [cited 5 May 2019]. Available: http://sankeymatic.com.

27. Palaniappan M, Gleick PH, Allen L, Cohen MJ, Christian-Smith J, Smith C. Clearing the Waters. 2010.

28. Cody BA, Johnson R. California Agricultural Production and Irrigated Water Use. Congr Res Serv.

2015. Available: https://fas.org/sgp/crs/misc/R44093.pdf.

29. Almond Board of California. Almond Almanac 2017 ANNUAL REPORT. Almond Board Calif. 2017.

Available: https://newsroom.almonds.com/sites/default/files/pdf_file/2017AlmanacFinal-updated7.5.

18_1.pdf.

30. Hill T, Symmonds G. The Smart Grid for Water: How Data Will Save Our Water and Your Utility. Advan-

tage Media Group; 2013. Available: https://books.google.com.hk/books?id=sO00L8GgJZ0C.

31. Beal CD, Flynn J. Toward the digital water age: Survey and case studies of Australian water utility

smart-metering programs. Util Policy. 2015; 32: 29–37. https://doi.org/10.1016/j.jup.2014.12.006

32. Qu X, Brame J, Li Q, Alvarez PJJ. Nanotechnology for a Safe and Sustainable Water Supply: Enabling

Integrated Water Treatment and Reuse. Acc Chem Res. 2013; 46: 834–843. https://doi.org/10.1021/

ar300029v PMID: 22738389

33. Bruno A V, Tyebjee TT. The entrepreneur’s search for capital. J Bus Ventur. 1985; 1: 61–74. https://doi.

org/10.1016/0883-9026(85)90007-2.

34. Goudriaan T. Startups and Funding. A comparative analysis of Amsterdam and Stockholm. Utrecht

University. 2016. Available: https://dspace.library.uu.nl/handle/1874/337349.

35. Dean B V, Giglierano JJ. Multistage financing of technical start-up companies in silicon valley. J Bus

Ventur. 1990; 5: 375–389. https://doi.org/10.1016/0883-9026(90)90012-I.

36. Kuepper J. Why Investing in Water Is a True Long-Term Play. In: ETF Database [Internet]. 2016 [cited

5 May 2019]. Available: https://etfdb.com/etf-education/why-investing-in-water-is-a-true-long-term-

play/.

37. Jin Y. Essays on the Risks and Returns of Water Investments. Griffith University. 2015. Available:

http://hdl.handle.net/10072/367605.

38. GHD, AgThentic. Emerging Technologies in agriculture: Consumer perceptions around emerging

Agtech. 2019. Available: https://www.agrifutures.com.au/product/emerging-technologies-in-agriculture-

consumer-perceptions-around-emerging-agtech/#:~:text=Emergingtechnologiesinagriculture%

3AConsumerperceptionsaround,tomaintaina‘sociallicense’from. . .More.

39. California Department of Food and Agriculture. State Water Efficiency & Enhancement Program.

CDFA; 2014. Available: http://www.cdfa.ca.gov/oefi/sweep/.

40. Jiang J, Wang J, Liu S, Lin C, He M, Liu X. Background, baseline, normalization, and contamination of

heavy metals in the Liao River Watershed sediments of China. J Asian Earth Sci. 2013; 73: 87–94.

https://doi.org/10.1016/j.jseaes.2013.04.014

41. Booysen MJ, Visser M, Burger R. Temporal case study of household behavioural response to Cape

Town’s “Day Zero” using smart meter data. Water Res. 2019; 149: 414–420. https://doi.org/10.1016/j.

watres.2018.11.035 PMID: 30472543

PLOS ONE Water startups in emerging water markets

PLOS ONE | https://doi.org/10.1371/journal.pone.0246282 February 4, 2021 14 / 14

https://www.ncdc.noaa.gov/cag/statewide/time-series/4/pdsi/all/12/2008-2018?base_prd=true&begbaseyear=2008&endbaseyear=2018&trend=true&trend_base=10&begtrendyear=2008&endtrendyear=2018&filter=true&filterType=binomial
https://www.ncdc.noaa.gov/cag/statewide/time-series/4/pdsi/all/12/2008-2018?base_prd=true&begbaseyear=2008&endbaseyear=2018&trend=true&trend_base=10&begtrendyear=2008&endtrendyear=2018&filter=true&filterType=binomial
https://doi.org/10.1088/1748-9326/11/5/054018
https://www.crunchbase.com
https://angel.co/companies
https://angel.co/companies
https://mattermark.com
https://support.crunchbase.com/hc/en-us/articles/115010477187-Crunchbase-Rank-CB-Rank
https://support.crunchbase.com/hc/en-us/articles/115010477187-Crunchbase-Rank-CB-Rank
https://about.crunchbase.com/blog/crunchbase-rank-trend-score/
https://about.crunchbase.com/blog/influential-companies/
https://about.crunchbase.com/blog/influential-companies/
http://sankeymatic.com
https://fas.org/sgp/crs/misc/R44093.pdf
https://newsroom.almonds.com/sites/default/files/pdf_file/2017AlmanacFinal-updated7.5.18_1.pdf
https://newsroom.almonds.com/sites/default/files/pdf_file/2017AlmanacFinal-updated7.5.18_1.pdf
https://books.google.com.hk/books?id=sO00L8GgJZ0C
https://doi.org/10.1016/j.jup.2014.12.006
https://doi.org/10.1021/ar300029v
https://doi.org/10.1021/ar300029v
http://www.ncbi.nlm.nih.gov/pubmed/22738389
https://doi.org/10.1016/0883-9026%2885%2990007-2.
https://doi.org/10.1016/0883-9026%2885%2990007-2.
https://dspace.library.uu.nl/handle/1874/337349
https://doi.org/10.1016/0883-9026%2890%2990012-I.
https://etfdb.com/etf-education/why-investing-in-water-is-a-true-long-term-play/
https://etfdb.com/etf-education/why-investing-in-water-is-a-true-long-term-play/
http://hdl.handle.net/10072/367605
https://www.agrifutures.com.au/product/emerging-technologies-in-agriculture-consumer-perceptions-around-emerging-agtech/#:~:text=Emergingtechnologiesinagriculture%3AConsumerperceptionsaround,tomaintainasociallicensefromMore
https://www.agrifutures.com.au/product/emerging-technologies-in-agriculture-consumer-perceptions-around-emerging-agtech/#:~:text=Emergingtechnologiesinagriculture%3AConsumerperceptionsaround,tomaintainasociallicensefromMore
https://www.agrifutures.com.au/product/emerging-technologies-in-agriculture-consumer-perceptions-around-emerging-agtech/#:~:text=Emergingtechnologiesinagriculture%3AConsumerperceptionsaround,tomaintainasociallicensefromMore
http://www.cdfa.ca.gov/oefi/sweep/
https://doi.org/10.1016/j.jseaes.2013.04.014
https://doi.org/10.1016/j.watres.2018.11.035
https://doi.org/10.1016/j.watres.2018.11.035
http://www.ncbi.nlm.nih.gov/pubmed/30472543
https://doi.org/10.1371/journal.pone.0246282

