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Environmental Protection Agency

The EPA is responsible for protecting and improving
the environment as a valuable asset for the people of
Ireland. We are committed to protecting people and
the environment from the harmful effects of radiation
and pollution.

The work of the EPA can be divided into
three main areas:

Regulation: Implementing regulation and environmental
compliance systems to deliver good environmental outcomes
and target those who don't comply.

Knowledge: Providing high quality, targeted and timely
environmental data, information and assessment to inform
decision making.

Advocacy: Working with others to advocate for a clean,
productive and well protected environment and for sustainable
environmental practices.

Our Responsibilities Include:

Licensing

> Large-scale industrial, waste and petrol storage activities;
> Urban waste water discharges;

> The contained use and controlled release of Genetically
Modified Organisms;

Sources of ionising radiation;

Greenhouse gas emissions from industry and aviation
through the EU Emissions Trading Scheme.

National Environmental Enforcement

> Audit and inspection of EPA licensed facilities;

> Drive the implementation of best practice in regulated
activities and facilities;

> Oversee local authority responsibilities for environmental
protection;

> Regulate the quality of public drinking water and enforce
urban waste water discharge authorisations;
Assess and report on public and private drinking water quality;
Coordinate a network of public service organisations to
support action against environmental crime;

> Prosecute those who flout environmental law and damage
the environment.

Waste Management and Chemicals in the Environment

> Implement and enforce waste regulations including
national enforcement issues;

> Prepare and publish national waste statistics and the
National Hazardous Waste Management Plan;

> Develop and implement the National Waste Prevention
Programme;

> Implement and report on legislation on the control of
chemicals in the environment.

Water Management

> Engage with national and regional governance and operational
structures to implement the Water Framework Directive;

> Monitor, assess and report on the quality of rivers, lakes,
transitional and coastal waters, bathing waters and
groundwaters, and measurement of water levels and
river flows.

Climate Science & Climate Change

> Publish Ireland’s greenhouse gas emission inventories
and projections;

> Provide the Secretariat to the Climate Change Advisory Council
and support to the National Dialogue on Climate Action;

> Support National, EU and UN Climate Science and Policy
development activities.

Environmental Monitoring & Assessment

> Design and implement national environmental monitoring
systems: technology, data management, analysis and
forecasting;

> Produce the State of Ireland’s Environment and Indicator
Reports;

> Monitor air quality and implement the EU Clean Air for Europe
Directive, the Convention on Long Range Transboundary Air
Pollution, and the National Emissions Ceiling Directive;

> Oversee the implementation of the Environmental Noise
Directive;

> Assess the impact of proposed plans and programmes on
the Irish environment.

Environmental Research and Development
> Coordinate and fund national environmental research activity
to identify pressures, inform policy and provide solutions;

> Collaborate with national and EU environmental research
activity.

Radiological Protection

> Monitoring radiation levels and assess public exposure
to ionising radiation and electromagnetic fields;

> Assist in developing national plans for emergencies arising
from nuclear accidents;

> Monitor developments abroad relating to nuclear installations
and radiological safety;

> Provide, or oversee the provision of, specialist radiation
protection services.

Guidance, Awareness Raising, and Accessible Information

> Provide independent evidence-based reporting, advice
and guidance to Government, industry and the public on
environmental and radiological protection topics;

> Promote the link between health and wellbeing, the economy
and a clean environment;

> Promote environmental awareness including supporting
behaviours for resource efficiency and climate transition;

> Promote radon testing in homes and workplaces and
encourage remediation where necessary.

Partnership and Networking

> Work with international and national agencies, regional
and local authorities, non-governmental organisations,
representative bodies and government departments to
deliver environmental and radiological protection, research
coordination and science-based decision making.

Management and Structure of the EPA

The EPA is managed by a full time Board, consisting of a
Director General and five Directors. The work is carried out
across five Offices:

. Office of Environmental Sustainability

. Office of Environmental Enforcement

. Office of Evidence and Assessment

. Office of Radiation Protection and Environmental Monitoring
. Office of Communications and Corporate Services

Ul bh WN =

The EPA is assisted by advisory committees who meet regularly
to discuss issues of concern and provide advice to the Board.
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Identifying pressures

Industrial activity is intrinsically linked to the accessibility
and availability of water. The increasing global demand for
industrial water, alongside an ageing water infrastructure
and the impacts of climate change on the frequency and
severity of extreme weather events, poses a significant
risk management challenge for organisations aiming

to decouple the growth of production capacity from
unsustainable consumption.

Water-related risks are consistently ranked among the top
global environmental and societal risks, and businesses are
increasingly experiencing significant associated financial
impacts. Industry must adapt its current water management
practices to reflect the changing conditions and provide
both effective and efficient solutions to global and local
challenges to secure the futures of their organisations.

This project was developed to advance research relating
to the concept of Industrial Water 4.0, which combines
the digitalisation of industrial production with water
management to support a more holistic and sustainable
approach to industrial water lifecycle management.

Informing policy

TThe vital role of water in supporting national climate
action and broader sustainability strategies is undervalued.
The findings from this research highlight that proactive
water resource management can contribute to meeting
national greenhouse gas and pollution emission reduction
targets and mitigate the threat of climate change to water
security.

Water sector targets relating to climate action and
circularity policy objectives, as outlined in the proposed
revision to the Urban Waste Water Treatment Directive and
the proposed Corporate Sustainability Reporting Directive’s
reporting disclosure requirements for water, signal to
national policymakers a more holistic approach at the EU
level. More emphasis should be given to water in key policy

areas such as climate mitigation, circularity and emerging
technology supply routes. At the same time, better guidance
and tools are required for industrial sites and national water
service providers to engage with and address these top-
down policy signals proactively.

Digitalisation action plans may increasingly be integrated
into national policymaking relating to water and
sustainability issues, to accelerate the uptake of digital
solutions and technologies and unlock further resource
efficiency and competitiveness gains.

Developing solutions

This report presents a framework for industrial water
users to adopt Industrial Water 4.0. The framework was
developed in collaboration with industrial sites across
Europe in response to the lack of detailed guidance and
decision support tools for accelerating organisations’
transitions towards digitally enabled industrial water
stewardship.

The framework is underpinned by a collection of integrated
tools providing industrial sites with guidance to ensure
water supply resilience, water resource efficiency, cost
savings and water process integration with production
through enabling digitalisation technologies and solutions.

The report provides insights from stakeholders across the
industrial water lifecycle on the challenges, megatrends
and opportunities facing industrial sites playing a proactive
role in the transition towards digitally integrated industrial
water stewardship. It includes recommendations for
improving industrial water catchment data collection and
a roadmap for decarbonising the industrial water sector.

A key recommendation is to establish a national talent
development programme for the application of Industry 4.0
to water stewardship and broader enterprise sustainability
practices. Allied to this is the need for greater emphasis on
water in national climate action and sustainability policies.
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Executive Summary

Water is one of the most important resources on Earth.

Recent events have highlighted the global and local
water-related impacts on humanity resulting from a
changing climate. It is becoming more apparent each
year that water is the prism through which we are
seeing the strongest impact of a warming globe.

The impacts are wide-reaching, and communities
everywhere are facing challenges in managing the
complexities associated with water management.
Industrial activity in particular is intrinsically linked to
the accessibility and availability of water.

This project was developed to advance research
relating to the concept of Industrial Water 4.0, the
interface between Industry 4.0 and Water 4.0,
combining digitalisation of industrial production and
water management to support a more holistic and
sustainable approach to industrial water lifecycle
management.

This report presents the findings of a 36-month
period of desk research, a process of international
and national stakeholder consultation, and the
development and application of a framework and

associated tools at a number of industrial partner sites.

It also provides recommendations for the adoption
of Industrial Water 4.0 by organisations, aimed at
promoting more sustainable business operations
while also supporting the development of stronger
catchment management activities.

Key findings from the research include the following:

e Although water risk is increasingly viewed as
business risk, organisations are still slow to
recognise the true value of water to both their
continued business operations and their supply
chains.

e Digitalisation of water management is
acknowledged as an important enabler of more
sustainable organisational operations, but large
gaps exist between awareness and action
as organisations grapple with both data and
digitalisation challenges.

e Gaps exist in supporting organisations to adopt
Industry 4.0 principles, methodologies and tools in
industrial water management.

X1

e The role of water in supporting climate action is
not adequately addressed in government climate
policy in Ireland. Although recent evidence
shows a shift to more systematically coherent
policymaking at the EU level in the water domain,
this has yet to be translated to the national level.

e Circularity, as it applies to water, does not
adequately feature in circularity policy in Ireland;
as a result, it is potentially misunderstood and not
prioritised by organisations.

e Compliance is still a strong driver of organisations’
engagement with better sustainability practices.
Going beyond compliance is still not yet a priority
for many organisations.

e Organisations are unable to accurately determine
the carbon footprint associated with their water
lifecycle because of significant gaps in data
relating to greenhouse gas emissions from
Ireland’s industrial water lifecycle. Furthermore,

a lack of support prevents organisations from
seeking to decarbonise their water lifecycle.

e The integration of water management and
production data at industrial water sites across
Europe is limited at present because of issues
such as data availability, lack of financing for
water projects, digitalisation challenges and
cybersecurity concerns.

e Both ownership of and access to water-related
data are not clear-cut across many industrial
sites owing to the outsourcing of key water
management processes to third parties. This
creates information silos and in turn reduces
organisations’ abilities to “do more” with their
water and production data.

Key project recommendations include:

e the placing of a stronger emphasis on water in
national climate action and sustainability policies
to drive decarbonisation and water circularity
opportunities across industry;

e the development of a national roadmap for
decarbonisation of the industrial water lifecycle;

e the establishment of a national dataset for
industrial water use;
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e the establishment of a national talent development e the continued development of an Industrial
programme for applying Industry 4.0 to water Water 4.0 framework to support organisations’
stewardship and broader enterprise sustainability transition to more sustainable industrial water

practices; lifecycle management.

Xii



1 Introduction

1.1 The Future of Water

Water is one of the most important resources on
Earth. Industrial activity is intrinsically linked to water
accessibility and availability. The “water crisis” is
what the World Economic Forum calls the fourth
greatest global societal risk by impact, which will
heavily affect the industrial sectors (WEF, 2019).
Water is an essential resource for many industries,
including agriculture, the food and beverage industry,
pharmaceuticals, energy (power production, drilling
and refinery processes) and information and
communications technology (ICT), and they are
increasingly at risk from water scarcity (Morgan
Stanley, 2019).

Globally, industrial water use is expected to grow
dramatically by 2050, with a 400% overall increase
expected across manufacturing sites alone (UNESCO,
2021). This is unsustainable, and there is an urgent
need to decouple the growth of productive capacity
from water consumption. But protecting national
competitiveness through greater industrial water
efficiency is only part of the challenge. The quality of
water and the cost of its management increase the
complexity of a significant global issue. Industry in its
management of water is looking for ways to adapt to
changing conditions and provide both effective and
efficient solutions to global challenges. For example,
urbanisation and climate change — two major global
drivers of the water crisis — continuously increase the
pressure on the scarce resource of water (Cullis et al.,
2019).

Increasingly, digitalisation is providing approaches,
tools and resources that are ushering in a new era of
industrial water management. Digitalisation is already
fundamentally changing life in many areas and will
continue to do so (PwC, 2018; Forbes, 2020). The
COVID-19 pandemic has intensified digitalisation
efforts in many business sectors (McKinsey, 2021).

Technologies offer significant potential to transform the
world’s water systems by helping utilities to become
more resilient, innovative and efficient, in turn helping
them to create a stronger and more economical

foundation for the future (IWA, 2022). The potential
for enhanced water protection via digitalisation is
enormous. Leakage rates in large cities are between
10% and 50%. If digital tools can help water utilities to
detect water leaks and reduce these by only 10%, this
would mean annual water savings of 100 millionm?
(GE, 2016).

Utilising the value of data, automation and artificial
intelligence enables water utilities to expand water
resources, reduce non-revenue water, extend
infrastructure lifecycles, lay the foundation for financial
security and more. The value chain of the water sector
connects the environment and water resources to
utilities, utilities to their customers and customers to
their environment. New digital technologies enable
water utilities and industries around the world to gain
more information and efficiency from existing water
infrastructure, allowing them to improve decision-
making, promote water protection, build water
infrastructure for the 21st century and increase the
value and benefits of the global water infrastructure.

From physical infrastructure and water quality to
customer service and beyond, “digital water” can

be integrated into every critical point in the water
cycle. For example, remote-sensing and digital twin
technologies create the link between a utility and

its diversified water supply. Water and wastewater
companies are at the heart of a larger digital water
ecosystem that encompasses their value chains and
related stakeholders.

In general, each ecosystem has stakeholders from
across the water and wastewater spectrum, including
private and public utilities, government agencies,
technology solution providers, academic institutions,
consultancies, industry associations and technology
accelerators.

Digital technologies have the potential to improve daily
water management and create long-term resilience

to natural disasters and climate change. These
improvements can increase water security for industry,
trade, agriculture and households, and thus have a
direct impact on economic security and growth.
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1.2 Project Background

Over the past decade, Ireland has developed a strong
position as a leader in addressing water stewardship
responses across industry. The origins of this
movement can be traced back to the launch of the
Large Water Users Community of Practice in 2013 with
support from the EPA to improve understanding of a
complex, yet often misunderstood, national challenge.
Rebranded as Water Stewardship Ireland in 2021, this
voluntary, industry-led network has since expanded

to over 300 organisations, including many of Ireland’s
largest production and service facilities, national
development agencies and international stakeholders.
All work collaboratively to enable large water users to
become a catalyst for changing water management
practices along the supply chain.

Facilitated by 20FIFTYPartners, a Limerick-based

firm recognised internationally for its contribution to
corporate water stewardship standards’ development
and technical deployment, Water Stewardship Ireland
has been at the forefront of a number of leading
initiatives. These initiatives include the development of
a national roadmap for water stewardship leadership
in industry and agriculture in Ireland (Stockil et al.,
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2018) and of the globally recognised Certified Water
Stewardship (CWS) programme. The latter has to date
trained over 600 organisations across Ireland in water
stewardship activities by helping participants to obtain
an externally accredited certification for their sites’
water management efforts. Collectively, accredited
sites now account for 30% of Ireland’s water use.

This project is a result of the work of 20FIFTYPartners
and the Water Stewardship Ireland community. It arose
from the EPA Research Office introducing members

of this community to relevant European programmes
and stakeholders, including the parties involved in
previous EU-funded research programmes such as
E4Water3 and a leading European research institute,
DECHEMA (Deutsche Gesellschaft fur chemisches
Apparatewesen — German Society for Chemical
Engineering and Biotechnology).

Roland Berger (2014) determined that, along with
Germany, Ireland is a front runner to take advantage
of Industry 4.0 (14.0) opportunities, including the
nascent Industrial Water 4.0 (IW4.0) component
(Figure 1.1). The front runners are characterised by
a large industrial base and modern, forward-looking
business conditions and technologies. On this basis,
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Figure 1.1. The Roland Berger (RB) 14.0 Readiness Index. Source: Roland Berger (2014); see https://www.
rolandberger.com/publications/publication_pdf/roland_berger_tab_industry_4 0 _20140403.pdf.
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Ireland and Germany are well positioned to take an
international leadership role in IW4.0. This position is
complemented by the rapid growth in recent years of
Ireland’s reputation for adopting and advancing water
stewardship practices and standards.

1.2.1  Industrial Water 4.0

The ever-increasing proliferation of digitalisation
across society has given rise to what many are calling
the “fourth generation” industrial revolution (Box 1.1).

Box 1.1. Industry 4.0

“The Fourth Industrial Revolution or 14.0 is

a seamless collaboration of diverse advanced
technologies of autonomous processes to
produce connected products and provide
services through real-time information
transparency” (Mubarak and Petraite, 2020).
“This way, products and means of production get
networked and can ‘communicate’, enabling new
ways of production, value creation, and real-time
optimisation” (i-SCOOP, 2021).

1* Industrial Revolution
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waler and sleam

2™ Industrial Revolution
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ST

This is rooted in domains such as “big data”, “Internet
of Things” (loT) and “cyber—physical systems”.

Across Europe and beyond, governments and wider
stakeholder groups are actively developing policies
and support environments to protect and/or enhance
their national competitiveness in this new environment.

Although digitalisation in industrial production and the
process industry is progressing rapidly both nationally
and internationally, digitalisation in the water industry
has not yet reached a similar level.

To counteract this, the German Water Partnership has
defined the term “Water 4.0” and understands it as the
linking together of sensors, computer models and real-
time control combined with the heavy use of intelligent
networks and the Internet. The evolution of “Water 4.0”
is illustrated in Figure 1.2.

DECHEMA has advanced research into digitally
integrated industrial water management by developing
the IW4.0 concept, as described in Box 1.2 and shown
in Figure 1.3.

The aim of IW4.0 is to help decouple water
consumption and economic growth. However, this
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Figure 1.2. Evolution of Water 4.0. Source: German Water Partnership (2018); see
https://germanwaterpartnership.de/wp-content/uploads/2018/02/gwp_water_40_2019.pdf.
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Box 1.2. Industrial Water 4.0

IW4.0 is the interface between the digitisation of industrial production and the digitisation of water
management. It incorporates the concepts of Water 4.0 and 14.0, with the aim of connecting water
resources and industrial water use. From an integrated industrial water management perspective,

the Industrial Water 4.0 approach comprises digitisation in industrial water management, linking this
with industrial production, and connecting industrial water management with municipal (waste)water
management and water resource management. The increased integration of sensor technology, ICT and
simulation will create opportunities to better perceive complexity and interconnectedness, early warning
and decision-making processes at industrial sites (Becker et al., 2019).

process &
cooling
water

wastewater
cooling
water

Industrial
Water Mgmt.

Industrial Production Municipal Water Mgmt.
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Figure 1.3. The integration of Industrial Water 4.0 (Industriewasser 4.0) in industrial production and
municipal/water resource management (Becker et al., 2019).

poses key economic, environmental and societal
challenges, including the following:

o Exploitation and contamination of freshwater:
a major challenge for industry and society today

is to effectively address the unsustainable
exploitation and contamination of freshwater
resources. The annual quantity of water used
by industry is growing rapidly, and this places
untenable pressure on water supplies both in
Ireland and elsewhere.

e Poor water efficiency: to meet the needs
of present and future generations, industrial
production systems need to become more

sustainable. Many industries use more water than
their production processes require because they
continue to use inefficient technologies and fail

to adopt the best water stewardship systems and
standards.

Lack of financing for water projects: generally,
resource efficiency and waste reduction require
little additional motivation if there is a clear link
to greater profit margins. However, in relation to
water projects, it is generally recognised that the
return on investment is seldom clear to many
businesses because of the perceived low cost

of water, uncertain outcomes and competing site
priorities. As a result, many water improvement
projects never get off the ground.

Lack of availability of appropriate tools for
industrial water management: water is a
complex resource, with quality, quantity, cost and
context-specific dimensions to be considered.




C. Gaskin et al. (2019-W-LS-21)

Traditionally, industrial sites have attempted to
reapply tools and standards originally developed
for managing other resources such as energy to
water management, with limited effect. There is
still considerable work to be done in developing
appropriate water stewardship tools for industrial
sites, and these tools can be developed only
through collaboration and collective action.

e Horizontal integration of water stewardship
along the water supply chain: water stewardship
by its very nature requires streamlined interfaces
both within industrial sites and more generally
between municipal supply, industry users and
environmental regulators. In particular, better
integration of data sources and information flows
is needed across the water lifecycle in the context
of the Water Framework Directive (WFD) and
river basin management plans. The achievement
of such integration presents significant data
management and organisational challenges.

e Vertical integration of water management
at the site level: industrial water management
also presents significant vertical integration
challenges at industrial and municipal water sites
in ensuring that meter- and sensor-level devices
are connected with communication gateways
to control higher-level management systems.
Addressing issues around the introduction of open
data protocols, the integration of legacy systems,
vendor and procurement management and data
modelling is paramount and requires significant
investment and effort.

A great challenge for the future will be transferring
14.0 expertise and technologies to industrial water
management and to water resources and municipal
water management. This transfer is the main building
block of the IW4.0 project

1.3 Research Objectives

Building on the IW4.0 concept developed by
DECHEMA, this project attempts to address industrial
water digitalisation challenges and opportunities, as
well as extensively engage industrial sites in digitally
enabling water stewardship implementation, to identify
possible pathways to mainstream proactive water
management at industrial sites.

As a result, the overarching objectives of this research
are to:

e develop a framework for digitalisation of industrial
water management and water stewardship and
support;

e more tightly integrate industrial water management
with the digitalisation of industrial production;

e identify and address barriers to, challenges in
and opportunities for tying in industrial water
management with digitalised municipal water
management (supply and wastewater treatment,
including water resource management at the
catchment level).

14 Research Approach

The methodology adopted by this research project
involved bringing theory and practice together

to identify the adoption potential of 14.0 tools,
technologies and practices in the industrial water
lifecycle and collaborating with industry to develop
a framework of tools and guidance to support
organisations on their journeys towards better water
stewardship.

This process involved desk-based research,
engagement with project partner sites to pilot and
validate developed approaches, and engagement
with the broader industrial water community through
(1) Water Stewardship Ireland Community of Practice
quarterly events and (2) outreach activities, including
semi-structured interviews with experts across the
industrial water sector from Ireland, Germany, Belgium
and the Netherlands. The experts were employees
of multinational pharmaceutical, chemical, food

and beverage, and semiconductor manufacturing
companies charged with both operational and
corporate responsibility for industrial water
management.

The methodological steps of this research project
(which are aligned with the report structure) were as
follows:

e carry out desk-based research of national and
international emerging trends and research
in the areas of industrial water management
and Water 4.0 — digitisation of industrial water
(Chapter 2);
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e conduct EU and national water policy reviews
and consultations with industry stakeholders to
understand and validate key global drivers of the
next evolution of industrial water management
(Chapter 2);

e develop a framework and guidance to support
industry in grappling with emerging megatrends
through tools including (1) a digitally enabled

water stewardship maturity model, (2) a
standardised methodology for water lifecycle
mapping, (3) a standard data model for quality and
quality and (4) a methodology for establishing the
true cost of water (Chapter 3);

make recommendations based on the findings of
the project (Chapter 4).



2  The Emergence of Industrial Water 4.0

This chapter provides a summary literature review

of Industrial Water 4.0, beginning by identifying key
global, national and local industrial water management
risks and then highlighting the role of water
stewardship in responding to these risks, examining
the opportunities for digitalising industrial water
management to support better water stewardship and
finally outlining the opportunities and challenges that
relate to adopting IW4.0. A more detailed literature
review is presented in Appendix 5.

2.1 Water Risk is Business Risk

If climate change is a shark, water is its teeth.
(WWEF, 2016)

Water-related risks are consistently ranked among

the top global environmental and societal risks (WEF,
2020), and businesses are increasingly experiencing
significant associated financial impacts (CDSB, 2021).
Currently, 17% of the global population reside and 10%
of gross domestic product (GDP) is generated in water-
stressed regions; these figures are projected to increase
to 51% and 46%, respectively, by 2050 (WWF, 2020).
Several factors are expected to affect water availability
and quality in the coming decades, with competition

for water exacerbated by various natural and
anthropogenic factors such as changing demographics,
industrial and agricultural activities, pollution and climate
change (CDP, 2021; CDSB, 2021).

Temperature rises due to climate change are projected
to significantly intensify the global hydrological cycle,
resulting in more powerful storms, increased flooding
and drought conditions (IPCC, 2022).

2.1.1 Operational impacts

Table 2.1 lists some examples of the disruption to
industrial activity resulting from extreme hydrological
events in 2022.

2.1.2  Financial impacts

Between 1980 and 2020, total economic losses
from weather- and climate-related events among

the European Environment Agency’s 32 member
countries, that is, the 27 EU Member States plus
Iceland, Lichtenstein, Norway, Switzerland and
Turkiye, was between €450 billion and €520 billion.
This is forecast to increase in the coming decades
as a result of climate change and the associated
impacts on the hydrological cycle (EEA, 2022a). In
response to these challenges, the EU has introduced
a new Climate Adaptation Strategy (EC, 2021a). This
aims to gather better data on current and projected
climate-related risks and losses from meteorological
events (e.g. storms), hydrological events (e.g. floods)
and climatological events (e.g. heatwaves, cold waves,
droughts), which will inform holistic responses to
climate change adaptation.

According to a study carried out as part of the Joint
Research Centre (JRC) PESETA project, exposing
the global economy to global warming of 3°C would
result in an annual welfare loss of at least €175 billion
(1.38% of GDP). Under a 2°C global warming
scenario, the loss would be €83 billion/year (0.65% of
GDP), while restricting warming to 1.5°C would reduce
the loss to €42 billion/year (0.33% of GDP) (Szewczyk
et al., 2020). From an Irish and UK perspective, the
study suggests that the main economic losses will be
associated with coastal flooding, river flooding and
drought, with losses to GDP of almost 0.5% under a
3°C warming scenario.

2.1.3  Water risk assessment for industrial

sites

Water risk assessments at industrial sites have
traditionally been carried out in response to health and
safety concerns (e.qg. slips, trips and falls due to water
spills, legionella prevention and control), operational
concerns (e.g. the impact of water equipment failure
on production output) and environmental concerns
such as limiting effluent concentrations in accordance
with water quality regulations.

Such a narrow perspective on assessing water risks
at the site level is no longer adequate (WWF, 2020).
Industrial sites will need to consider their operational
and supply chain vulnerabilities to water stress and
extreme precipitation events, vulnerabilities that will
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Table 2.1. Impacts of global extreme hydroclimatic events on industrial activity in 2022

Country Impact Sources

China Record heatwave and high temperatures led to drought conditions and consequently the CMA, 2022; WMO,
shutdown of industrial organisations to conserve water for the residential population; reduced 2022
hydropower capacity; and lower crop yields. The heatwave was followed by heavy, intense
rainfall from a typhoon, causing flash flooding in certain regions

France Worst drought on record, which resulted in reduced agricultural yields affecting production. Météo France, 2022;
Moreover, temperature limits of water discharged from a nuclear powerplant were increased Reuters, 2022a
to avoid powerplant shutdown as a result of low water levels and the associated high
temperature of waterbodies

Germany Summer heatwave led to record high temperatures and drought, resulting in disruption to DWD, 2022;
cargo shipping on the Rhine due to low water levels Reuters, 2022b

Ireland Heatwave and drought conditions led to increased demand for water resources and low Irish Water, 2022;
reservoir levels, which in turn led to residential and business water conservation notices being The Water Forum, 2022
issued

Norway  Hydropower reservoirs ran low because of low rainfall and needed to be regenerated in New York Times, 2022
summer, leading to a halt in electricity exports to the EU

Pakistan Heatwave temperatures affected agricultural yields and were followed by heavier than usual FT, 2022; WMO, 2022;
monsoon rains, resulting in over 1000 fatalities and the shutdown of industrial activity in
affected areas

USA Exceptional drought conditions in western and central USA led to record low water reservoir NOAA, 2022

levels, with impacts on energy production, through reduced hydroelectricity production and
biofuel feedstock, and on manufacturing output as a result of lower yields of crops such as

cotton, soybeans and flax

be exacerbated by climate change, the tightening

of environmental regulations to limit cumulative
impacts on water quality from increasing population
and industrial activity, and increasing demands for
environmental, social and governance (ESG) reporting
by stakeholders and investors (WRI, 2019; WWF,
2020).

Risks faced by companies may be categorised as
physical (e.g. scarcity, flooding, quality), regulatory
(enabling environment, management instruments,
institutions, governance) or reputational (media
scrutiny, biodiversity importance, investor demands)
(WWF, 2020).

The physical risks associated with water management
at industrial sites have received the most attention
(WWEF, 2020) because of their direct impact on site
operations and their relevance to future environmental
reporting regulations such as the upcoming Corporate
Sustainability Reporting Directive (CSRD) (EU,
2022a) and influential environmental reporting
initiatives from organisations such as the Task Force

on Climate-related Financial Disclosure (FSB, 2022)
and the Science Based Targets Initiative (SBTi, 2022).
However, the complexity of water risk resilience
planning means that it is important to account for the
broader reputational and regulatory landscape risks
in individual countries and regions that may limit the
implementation of risk reduction measures (WWF,
2020).

2.1.4  Policies relevant to industrial water
management

EU policy response

Two of the European Commission’s six priorities for
2019-2024 (EU, 2019a), “A European Green Deal’
and “A Europe fit for the digital age”, are directly
relevant to Industrial Water 4.0 management through
their promotion of a carbon-neutral and resource-
efficient economy enabled by a new generation of
technologies. Both priorities inform “A New Industrial
Strategy for Europe” (EC, 2020a), which aims for
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the EU to lead the twin green and digital transitions
that will transform the EU into a fairer, more
prosperous society with a modern, resource-efficient
and competitive economy with no net emissions of
greenhouse gases (GHGs) by mid-century. The Eighth
Environment Action Programme (8th EAP), building on
the European Green Deal, sets out priority objectives
for 2030 and the conditions needed to achieve

these (EU, 2022b). The 8th EAP aims to speed up

the transition to a climate-neutral, resource-efficient
economy, recognising that human wellbeing and
prosperity depend on healthy ecosystems.

Table A5.2 in Appendix 5 outlines EU policy and
legislation that support the achievement of the
European Commission’s priorities and industrial
strategy with relevance to water.

National policy response

Without appropriate action to mitigate water risks,
water quality is projected to decline because of factors
such as increased population, increased commercial/
industrial activity, flooding events mobilising pollutants
and lower river water levels due to water stress during
summer months limiting the dilution of wastewater
concentrations (Irish Water, 2021a).

Figure A5.8 and Table A5.3 in Appendix 5 highlight
the national plans and strategies in Ireland that offer
insights to inform the proactive management of water
at industrial sites.

2.2 Industrial Water Stewardship

2.2.1 Corporate-led water stewardship

Water stewardship has received significant attention

in recent years, both globally and in Ireland, as
businesses and communities respond to the increasing
challenges and risks surrounding the shared
responsibility of water resource management.

Water stewardship is defined as using

water in a way that is socially equitable,
environmentally sustainable and economically
beneficial. This is achieved through a
stakeholder inclusive process that involves
site and catchment based actions. (UNIDO,
2022)

The term “water stewardship” has various meanings
depending on the specific context. However, it is
generally understood to encompass an approach that
promotes water users taking responsibility for their
own influence on a shared resource and working
together to manage it sustainably (Water Footprint
Network, 2021). This reflects the systems thinking
perspective, namely that the challenges and risks
associated with water resource management cannot
be solved by individuals but can be addressed only
through coordinated, collective action (GlZ, 2019).
The successful implementation of water stewardship
allows enterprises to engage with local stakeholders
and understand the water-related challenges and
opportunities they face, facilitating the development
and integration of strategies to address social,
environmental and economic concerns across the
entire water lifecycle (Stockil et al., 2018).

Corporate-led water stewardship initiatives have
been motivated by various drivers, such as improved
resource efficiency, environmental protection
concerns, and ESG reporting and transparency
requirements, which are increasingly demanded by
enterprise shareholders, societal stakeholders and
consumers. Because the scope of the proposed
CSRD (EU, 2022a) is being expanded to include

all large companies and all companies listed on
regulated markets (except listed microenterprises), it
is envisioned that water stewardship frameworks and
external accreditation will help businesses to meet
their ESG reporting obligations (EU, 2022a).

2.2.2  Nationally led water stewardship

Water stewardship to date has predominantly taken

a bottom-up approach, with enterprises and local
societal stakeholders leading implementation efforts.
However, it is increasingly being promoted by national
bodies and agencies to meet national resource
efficiency and environmental protection objectives,
while also contributing to meeting the broader
Sustainable Development Goals (SDGs) of the United
Nations. This section presents three examples from
across Europe of national water stewardship initiatives
for enterprises.

Ireland

In response to the gap in national support for water
stewardship, the CWS programme, developed
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by 20FIFTYPartners in partnership with Water
Stewardship Ireland and the Lean & Green Skillnet,
was established in 2019 and has been promoted by
Irish Water (the national water service provider; now
known as Uisce Eireann) to engage organisations
across Ireland in water stewardship activities

(Water Stewardship Ireland, 2021). It achieves this

by supporting participants to commit to a water
stewardship action plan; sites receive an externally
accredited certification for their efforts (Irish Water,
2021b). The programme supports business customers
with training on lowering water consumption and
reducing operational costs, while also protecting the
environment (Water Stewardship Ireland, 2021). As at
2022, over 600 organisations had participated in the
programme, collectively accounting for over 30% of
Ireland’s water use. The successful implementation of
over 1400 conservation projects has been attributed
to the CWS programme. The programme’s success
has led to interest from the UK and other European
countries regarding potential replication by national
water service providers, tailored to different national
contexts such as industrial sector characteristics and
regional water stress conditions.

Finland

As part of its commitment to the United Nations
Agenda for Sustainable Development, Finland’s Water
Stewardship Commitment challenges companies to
assess water risks in their value chains and engage in
collective action to develop sustainable water use and
governance (Ministry for Foreign Affairs of Finland,
2020). It links directly to national SDG implementation
and engages the public sector, academia and non-
governmental organisations. The commitment was
founded by Finnish research institutes, ministries

and WWF (World Wide Fund for Nature) Finland in
2017 and has gained signatories from major Finnish
companies and key water-using sectors. The aim of
the commitment is to make Finnish companies the
most responsible water stewards in the world by 2030.

Germany

The International Water Stewardship Programme
(IWaSP) is implemented by the Deutsche Gesellschaft
fur Internationale Zusammenarbeit on behalf of the
German Federal Ministry for Economic Cooperation
and Development and the UK Department for
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International Development. It supports business,
government and civil society to partner with each
other and develop joint solutions to water-related risks
through engagement of over 70 global companies.

At the programme’s end in March 2019, IWaSP

and its partners had enabled water security for
2,722,179 direct beneficiaries and 10,134,960 indirect
beneficiaries, with a focus on water-stressed regions
in developing economies (IWaSP, 2019). Building

on IWaSP’s success, the Natural Resources
Stewardship Programme was developed, enabling
private—public—civil society partnerships to manage
the natural resources (scope expanded beyond water)
needed for sustainable growth and better livelihoods
(NatuReS, 2020). This highlights the potential for water
stewardship programmes to act as an introduction
and catalyst to accelerate broader natural resource
stewardship programmes.

2.3 Digitalisation as an Enabler
of Better Industrial Water

Stewardship

While industrial water stewardship is gaining significant
traction globally, another aspect of management that
has received attention is the prospect of enabling
digitalisation across the industrial water lifecycle.
Various terms are used to refer to this water
digitalisation, such as “Smart Water”, “Water 4.0” and
“loT for Water”. The main benefit of digitalisation in
the industrial water sector is having more manageable
water processes as a result of digital technologies,
which improves resource efficiency by optimising
processes and equipment while limiting pollution
events through greater oversight of operations and
associated early warning systems.

Digitalisation of the water sector through
technologies such as artificial intelligence (Al),
digital twins, digital data spaces, disruptive
technologies and instrumentation and circular
economy digital water innovations can result
in significant environmental, operational and
economic benefits.

Digital water solutions reduce the
environmental impact of water operations via

a) reductions in energy demand for water
supply and sanitation services;
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b) better control of emissions from
wastewater treatment plants;

c) enhanced capabilities for real-time, in situ
water quality monitoring; and

d) increased water use efficiency across
sectors and reduced leakages.

Digitalisation is a critical tool in advancing
global water security and protecting the
planet’'s water resources sustainably. Overall,
digital technologies provide a wide array of
possibilities for achieving the zero pollution
ambition in the water sector. (EC, 2021b)

Over a 6-year period (2014-2019), the EU funded
255 water-related projects under Horizon 2020 with
around 1 billion euros. In recent years, digital aspects
have increasingly been included in the research
agenda with the aim of accomplishing the scientific
goals described in Table A5.4 in Appendix 5.

Water Europe has identified how digitalisation of

the water management sector can support regional
objectives to deliver a resilient and green economy
(Water Europe, 2021). Water Europe’s recommendations
for the digitalisation of the water sector include:

e adopting a common data platform for data
valorisation and information sharing;

supporting smart quantitative water management
and water conservation through monitoring;
supporting the upskilling of the workforce to diffuse
digital culture in the water sector;

optimising drinking and wastewater plants to
reduce operating expenditure (OpEx) and capital
expenditure (CapEx);

improving transparency and data sharing

in the sector and with the public to promote
multidisciplinary cooperation.

2.4  Adoption of Industry 4.0 in
Industrial Water Management
2.4.1 Objectives of Industry 4.0

14.0 describes a continued trend towards automation
and data exchange in manufacturing technologies
and processes. This can include capabilities such as
cyber—physical systems, cloud computing, artificial
intelligence, Industrial Internet of Things (lloT),
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robotics and augmented/virtual reality, and it offers
benefits to enterprises through cost efficiencies,
operational agility and democratising data (IMR, 2022).

Ireland’s Industry 4.0 Strategy 2020-2025 (DBElI,
2019) outlines 14.0 as a key output of Future Jobs
Ireland, the government’s new economic pathway
aimed at ensuring that Ireland is well placed to prosper
in a rapidly changing global economy. Examples of
how international 14.0 trends and drivers may impact
on Irish manufacturing sites are shown in Figure 2.1.

2.4.2  Challenges in implementing

Industry 4.0

While digitalisation offers many possibilities for
improving water management for responsible water
stewardship, several challenges limit the uptake of
digital solutions among industrial sites and water
service providers. The ICT4Water EU cluster has
developed two roadmaps and an associated action
plan. The intention is to define and deploy a group of
actions for the development of digital water services
in the single market. These will address digital

water issues relating to services, data management,
interoperability, intelligence, cybersecurity and
standardisation, including synergies between

the proposed solutions and other related sectors
(e.g. circular economy, water reuse, transport, energy,
agriculture and smart cities), while also considering
social aspects (e.g. operators, consumers, legal
issues, water value awareness) (EC, 2018).

Other key 14.0 challenges and risks include defining
an 14.0 strategy, rethinking the organisation and
processes to maximise outcomes, understanding

the business case, conducting successful pilots,
making the organisation realise that action is needed,
considering change management, company culture
and acceptance, and interconnecting departments and
talent (i-SCOOP, 2020).

2.5 Themes from the Review of
Industrial Water 4.0 Literature
2.5.1 Growing awareness that organisations

need to assess their water-related risks
as part of long-term resilience planning

Based on a review of the industrial water management
and water stewardship literature, organisations
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Process Industries

Pharmaceuticals
and Chemicals

Pharmaceuticals

« Personalised healthcare is driving a shift towards more targeted products.
= Information-based medicine and innovative monitoring and delivery
mechanisms are being developed.
= Flexible batch-manufacturing processes and patient
data capture and analysis are becoming key enablers.

Chemicals

= Digitalisation is enabling the streamlining of complex
processes and operations.

» Value-added data services around chemical products are being
developed (e.g. apps for providing technical recommendations to clients).

Food and Drinks .

directly with farmers and food manufacturers. Farmers and food producers

are thus becoming retailers.
= Product customisation is being enabled through the ability
to adapt nutrient content to particular categories of customers.

Product Manufacturers

Medical Devices a

MedTech products are moving towards end-to-end solutions for better

care at lower prices, including connected health and drug delivery through

data capture.

= Personalised healthcare and customisation of medical products
are being developed including combination products and diagnostics.

Computer and .
Electronics

The Computer and Electronics Sector is becoming a key enabling sector
for Industry 4.0, providing intermediate goods to other industrial sectors

and making their products and services knowledge intensive.

Engineering .

Digitally enabled flexible batch-manufacturing processes will

be required to address increased product customisation trends.

Figure 2.1. Example of international 14.0 trends and drivers in key Irish manufacturing sub-sectors.

Source: DBEI (2019).

increasingly view ensuring continued access to
high-quality water as a material risk for business.

In particular, the operational and financial impacts
of water shortages globally have been magnified

by recent extreme climatic events, as highlighted in
section 2.1.1. In addition, based on the increased
attention that Irish Water is paying these risks in its
planning decisions, it is possible that industrial sites
will increasingly need to account for these risks in
site resilience planning and, as a result, will require
guidance on developing the appropriate assessment
frameworks.

Key water management risks for organisations both
globally and in Ireland as identified from the literature
review include:

e water stress resulting from over-abstraction of
freshwater resources because of increasing
population and economic activities;

e waterbodies not being able to assimilate
pollutant loads because of increasing population
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and economic activity, resulting in associated
residential, industrial and agricultural emissions to
water;

e contaminants of emerging concern
(e.g. pharmaceuticals, food additives and
microplastics) not being regulated or managed
effectively, posing potential threats to public health
and the environment;

e underinvestment in ageing water infrastructure
affecting flood prevention and the continuity of
water supply, with recurring infrastructure failures
undergoing maintenance rather than future-
proof systems being developed with adequate
investment.

2.5.2  Lack of alignment of water and climate
policies in Ireland

Based on the review of high-level policies at
the EU and Irish national levels, reducing water
pollution, reducing water consumption and climate
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adaptation have been identified as priorities in policy
and legislation with relevance to industrial water
management. More holistic water policymaking at the
EU and national levels will require more emphasis

to be given to water in policy areas such as climate
mitigation, circularity and emerging technology supply
routes, while simultaneously providing better guidance
and tools for industrial sites to engage with and
address these top-down policy signals proactively.

Recent evidence of a shift towards more systematically
coherent EU-level policymaking in the water domain
can be seen in the proposed update to the Urban
Waste Water Treatment Directive. This highlights

the importance of wastewater treatment in achieving
EU-wide carbon neutrality and circularity objectives,
while also setting more stringent pollution emission
limits and expanding pollutant monitoring with
relevance to human and environmental health.

Water is not a pillar of Ireland’s Climate Action Plan
2021 (DECC, 2021a), with references limited to the
sectoral adaptation plans, while the Waste Action Plan
for a Circular Economy 2020-2025 (DCCAE, 2020)
identifies water management as an area for research
prioritisation, with a focus on the waste and circular
economy challenges. The Waste Action Plan also
highlights the food, water and nutrients value chain as
one of seven key product value chains that should be
prioritised. Unlike the EU, Ireland has yet to develop
action plans and strategies relating to the hydrogen
economy, bioeconomy, built environment, forestry and
soil.

2.5.3  Integration of water and digital policy
increasing at EU level but more action

needed

Digitalisation policy considerations are receiving
significant attention because of the potential
enabling role that digital technologies may play

in the transitions towards a “smart water” society
(European Commission, Water Europe, ICT4Water
cluster). Digitalisation action plans may increasingly
be integrated into national policymaking relating to
water and sustainability to accelerate the uptake of
digital solutions and technologies and unlock further
resource-efficiency gains.

The need for such action plans is highlighted in

the literature, as there is significant potential for
digitalisation in the water sector. However, the water
domain is relatively immature in the standardisation of
ICT solutions for business processes and the related
implementation in the legislative framework (EC,
2018). This lack of maturity was identified as being
due to the fragmentation of the sector, the absence of
a holistic vision and a lack of technology integration
and standardisation (EC, 2018). ICT4Water has also
published reports on the business models of digital
solutions (EC, 2021c) and the need for digital water in
a green Europe (EC, 2021d), and is currently working
on an updated digital action plan, which is due to

be finalised by the end of the first quarter of 2023
(ICT4Water, 2022).

The main challenge in adapting industrial production
for the fourth industrial revolution is that it will
require existing structures to be broken up. There is
widespread talk of disruption to existing markets at
their base. In a survey initiated by DECHEMA on the
IW4.0 framework and the EU Water Mining project
(Carter et al., 2022), the challenges concerning the
establishment of a business case for 14.0 can be
summarised as follows:

e |[nitial investment and new business approaches:
many challenges remain in estimating and
evaluating initial investments. The initial costs of
digitising industrial processes are still high and not
in proportion to the benefits. Closing this gap will
require new, breakthrough business concepts.

e Higher complexity: standardising and increasing
the availability of open protocol and software
solutions is a continuous process. Although
industrial networks are collaborating intensively on
the standardisation of communication protocols,
14.0 architectures, cybersecurity and vendor-
independent interoperability, the technologies are
not yet ready for deployment.

e Breaking up silo mindsets: digitalising internal
and external processes poses a major
challenge in terms of the use and release of
internal information. Overcoming this mentality
requires in-depth change management,
capability development and transparent vertical
communication.
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2.5.4  To overcome digitalisation obstacles to
supporting IW4.0 adoption, people must

be at the centre of the change

14.0 is not just about technologies. It looks at the
impact of industry on and the role of society and
workers (e.g. collaboration between human and
machine as with collaborative robots).

The key difference between the third and fourth
industrial revolutions is that 14.0 also integrates people
into the manufacturing process (Sanghavi et al., 2019).
Reducing the idea of 14.0 to new technologies only
repeats the error of previous system changes. People,
technology and organisations must be carefully
coordinated if the step from traditional production to a
connected factory is to succeed.

Only in this way can the promises of digitalisation,
such as flexibility, innovation and better overall
results, be realised. Furthermore, merging the three
elements of people, organisations and technology
inevitably leads to better economic and innovation
capabilities (Korge, 2019). The link between
technology and organisations is a clear prerequisite
for connecting existing processes. Only then can

the implemented (solution-oriented) technology be
aligned with the (corporate) goals. Consequently, the
new IT infrastructure can provide valuable data for
monitoring and improving operations, processes and
services. In contrast to previous industrial revolutions,
14.0 is defined as agile, modular and open for new
business opportunities. However, to benefit from the
opportunities associated with the adoption of 14.0,
industries undergoing transformation will need to both
upskill and reskill their workforces.

2.5.5 Lack of support available to enable
Industrial Water 4.0 adoption

While international guidance is available on the main
steps in the water stewardship journey, such as

the WWF’s water stewardship steps (WWF, 2013)
and the CEO Water Mandate’s six commitment
areas (UN Global Compact, 2019), country-specific
guidance is lacking. To overcome this obstacle to the
widespread adoption of water stewardship principles
and practices, the literature review suggests that

the gap should be filled with the provision of simple
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national guidance documentation and programmes
to support organisations with limited resources in
their stewardship journeys and enable reputable
accreditation for their efforts.

While the water risk tools highlighted in section A5.6

in Appendix 5 are useful for identifying general
hotspots for water stress, flooding, quality, etc., and
how these risks may change over time at the national
and regional levels, these tools and approaches are
limited in informing risk resilience planning at individual
industrial sites because of the level of detail this
requires.

Overcoming this limitation will require sophisticated
decision support tools that capture local constraints
and high-resolution spatial information of projected
physical risks. Furthermore, this literature review has
identified a gap in how digital enabling technologies
can accelerate the transition towards responsible
water management at industrial sites in Ireland.
However, several guidance documents for the water
sector generally, and relevant EU-level projects such
as the ICT4Water cluster, may be drawn on to inform
specific guidance nationally.

Based on the gaps identified in the provision of
guidance across water risk and the digitalisation of
water management, detailed frameworks and tools
are clearly needed to guide industrial sites in their
transitions to digitally enabled water stewardship.

2.6  Summary

Building on the IW4.0 concept developed by
DECHEMA (outlined in Chapter 1), this chapter has
sought to identify the emerging themes and challenges
that organisations face in engaging with IW4.0.
Addressing recent trends in Water 4.0 and water
stewardship both globally and in Ireland, this chapter
has provided crucial input into the development of a
framework for IW4.0.

In Chapter 3, the results of this work are presented,
focusing on developing a framework in response to
the identified gaps in the provision of support for the
adoption of IW4.0, a methodology outlining how the
framework was developed and an analysis of the
lessons learned from the application of the developed
framework at industrial partner sites.



3 A Framework for Industrial Water 4.0

3.1 Purpose

The focus of this project, as outlined in the research
objectives, was on developing a framework for IW4.0
to guide organisations that want to adopt a more digital
approach to water management and stewardship in
their sites and across their catchments.

Based on the insights described in Chapters 1 and 2 of
this report, it was identified that industrial organisations
require detailed guidance and associated decision
support tools to accelerate this transition.

As a result, a number of resources and tools have
been developed, tested and refined in this project to
help industrial organisations to assess their current
water management practices and provide them

with step-by-step guidance to help them proactively
accelerate their transition to water resource
stewardship at catchment level.

Considered collectively, these tools form an integrated
framework for IW4.0 stewardship practices that
supports industrial sites in ensuring water resource
supply resilience, water resource efficiency and cost
savings, water process integration with production, and
wastewater treatment and associated environmental
pollution prevention based on enabling digitalisation
technologies and solutions. An overview of the
framework is shown in Figure 3.1, which identifies
each of the tools developed.

Each component tool of the framework is described
below, along with high-level guidance and case studies
associated with each tool’s application. For each tool
the intended purpose, application (including case
studies) and associated lessons from industrial sites
are described.

There is currently a wide range of information sources
that industrial sites can use. However, individual sites
may find it daunting to locate and evaluate these data
to generate meaningful, actionable insights.

The framework developed in this project equips sites
with the tools they need to assess their site’s maturity
in relation to international best practice in industrial
water stewardship, map their industrial water lifecycle
in a standardised fashion, estimate the true cost of
water and undertake future state scenario planning.

This chapter outlines the framework, provides
guidance and signposts case studies showing how
industrial sites can make use of publicly available
resources, and describes the frameworks/tools
developed as part of this research project, to inform
digitally enabled water stewardship. It also provides
an overview of the purpose of each framework
component and analyses the key lessons learned from
the application of each component at industrial sites.

3.2 Methodology

The proposed suite of tools was trialled at the three
industrial partner sites and subsequently refined using
iterative feedback from over 30 additional industrial
sites to ensure that the tools would be applicable

to the broadest industrial audience possible. These
tools provide industrial sites with guidance on
identifying next steps on the journey towards proactive
industrial water stewardship and the enabling role of
digitalisation technologies and solutions for addressing
water resource supply resilience, water resource
conservation and efficiency/circularity, effective
wastewater treatment and associated environmental
pollution prevention measures.

Industrial Water 4.0 — Framework and Guidance

Industrial Watw4 0 Maturity QQC Data Model and True Cost of Water
pdmie s Melirodoiont

Future State Scenario
Planning

(Megatrends Analysus]

Figure 3.1. Overview of IW4.0 framework and associated tool components.
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3.3  Lessons from the Application of
Industrial Water 4.0 Framework

Tools

This section highlights the main outputs from the
development and application of the IW4.0 component
tools.

3.3.1 Industrial Water 4.0 maturity model

Purpose

A gap was identified from the review of the academic
and grey water stewardship literature and associated
industrial water standards in relation to the enabling
role that digital and virtual systems may play in
accelerating the overarching objectives of the water
stewardship agenda (see sections 2.4 and 2.5), which
include improved water efficiency and water quality
and associated environmental and social impacts.
Currently, no maturity model exists that focuses
explicitly on industrial water stewardship. However, a
number of existing water standards and digitalisation
and 14.0 maturity models could be used to inform the
development of such a model.

Following a detailed examination of water stewardship
standards, water digitalisation maturity models and
general 14.0 policy documents, this study proposed
developing a maturity model to guide industrial

water users in their transition to improved water
stewardship. This transition would involve harnessing

Water Stewardship

-
[=
o
c
o]
o
E
=]

o

digitally enabling technology capabilities such as
real-time monitoring and control systems, vertical

and horizontal data integration, and emulation and
simulation applications to optimise operational process
management and mitigate associated direct and
indirect environmental impacts.

The methodological steps taken to develop the
maturity model were as follows:

e The problem was defined and existing
documentation and maturity models were
reviewed to identify relevant dimensions, criteria,
indicators and sub-indicators.

e The initial formulation of the maturity model
was based on this literature review and steering
committee feedback.

e A questionnaire was developed for expert
feedback on the proposed maturity model.

e |Interviews were carried out with industry experts
and feedback gathered.

e The final version of the digitally enabled industrial
water stewardship maturity model was developed
(Figure 3.2).

The proposed model has undergone a number of
iterations, including modifications based on input from
20 experts across 16 organisations in the industrial
(water) sector from Ireland, Germany, Belgium

and the Netherlands. These experts were senior
management staff of multinational pharmaceutical,
chemical, food and beverage, and semiconductor

2. Defined
3. Managed
4, Advanced

Water Quantity

Water Quality

Water Governance

_’ III

Dimension

Figure 3.2. Digitally enabled industrial water stewardship maturity model components and dimensions.
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manufacturing companies charged with both
operational and corporate responsibility for industrial
water management.

Application

This maturity model is primarily targeted at large
industrial water users in the pharmaceutical, chemical,
steel, food and beverage, and semiconductor
manufacturing sectors, as they provided expert input
into its development. However, the broad scope of
indicator coverage means that the tool is relevant

to almost every industrial organisation regardless of
size or sector. To have the greatest impact in terms
of implementing guidance from the tool, buy-in from
the highest level of the participating organisation
(preferably board level) is key. For carrying out the
assessment and associated data collection, the
following roles are deemed suitable:

sustainability managers/officers;

water managers/officers;

energy managers with responsibility for water;
environmental managers/officers.

It should be noted that, as the maturity model is cross-
sectoral and takes a “one-size-fits-all” approach, it
outlines the typical steps that industrial organisations
must take to achieve maturity in each dimension.
However, in practice, some organisations may skip
or ignore indicators or criteria that are not relevant

to their specific context (e.g. regularity requirements,
water stress). Future sector-specific maturity models
for industrial water management could be built on the
foundation of the current model to provide tailored
guidance and data collection requirements for
individual industrial sectors.

The high-level guidance shown in Table 3.1 can be
used by industrial organisations to gauge in a simple
way their maturity, from level 1 (ad hoc) to level 5
(integrated), in relation to digitally enabled water
stewardship at their sites, and explains the general
next steps required on the journey towards sustainable
water management. The high-level description of
each level corresponds with the criteria, indicators
and associated evidence that industrial organisations
are expected to collect and disclose to demonstrate
their maturity level and the type of action required to
progress towards water stewardship best practice.

17

Lessons learned

Initial findings from the application of the maturity
model across 20 industrial sites in multiple countries
highlight the various stages of both stewardship and
digitalisation maturity across sites and the importance
that sites give to sectoral benchmark comparison and
best practice guidance in driving implementation of
digitalisation for industrial water stewardship at their
organisations.

Based on semi-structured interviews with 20 experts
across 16 organisations in Ireland, Belgium, the
Netherlands and Germany, findings from experts

on the application of the maturity model relating to
the maturity of current industrial water management
practices at their sites were as follows:

e Operational managers, production managers and
utilities managers were identified as having the
greatest responsibility for and impact on water
management. However, they are also responsible
for energy and production management, which
can often lead to water management receiving
less attention.

The subscription to water standards at industrial
sites was low.

Carbon reduction targets are more mature, in
terms of reporting, than water targets.

A payback time of 1.5 to 5 years is company policy
for project approval among the majority of those
surveyed. This is a challenge for water projects, as
their payback times typically exceed this range.
Companies accepted that accounting for the true
cost of water (energy, chemicals, etc. nexus)
would decrease the payback time of water
projects, but there is currently a lack of awareness
of and formalised methods for such calculations.
Digital integration with municipal service suppliers
is limited. However, there are several examples of
industrial sites sharing water indicator data with
industrial/chemical park water and wastewater
providers (Germany and the Netherlands).

The sharing of information by industrial sites with
water service companies, relating to parameters
such as predicted water demand, wastewater
loads, and temperature and quality of wastewater,
was identified as valuable for optimum
management of water services by the water
service provider in terms of resource efficiency
and circularity.
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Table 3.1. Industrial Water 4.0 maturity model: high-level dimension descriptions

Water quantity

Water quality

Water governance

Supply chain
interaction (water
supply chain and
wider suppliers)

Water management
and industrial
production

No importance
given to water
beyond cost, with
water KP| metrics
not reported or
considerable data
gaps from site(s)

No consideration
given to improving
water quality
beyond regulatory
compliance

No water
resources policy
and management
plan in place at
organisation

Interaction with
local water utility
or service provider
only for reasons of
payment. The data
exchange is mainly
analogue or via
mail, document

No or ad hoc

data connection
with production
and resource
management.

The production

is stable but for
major changes

and maintenance it
needs to shut down

All water sources
and uses are
mapped, risks
understood,
costs quantified,
stakeholders, etc.

All water sources
and discharges
are characterised
in terms of water
quality, risks
understood, costs
quantified, relevant
stakeholders
identified, etc.

A water resources
policy and
management
plan is under
development,
considering
company-specific
water source

and discharge
risks, costs and
stakeholders

On-site resource
management
available. Resource
management
strategy completed.
Stakeholder
dialogue for fully
integrated data
management with
local water utility or
service provider

Water and
resources are
automatically
mapped and
monitored. Relevant
KPI and KEI
provide first real-
time insights into
the production

All water sources
and uses are
actively monitored
and reported

with continuous
improvement
processes in place

All water sources
and discharge
quality parameters
are monitored

and reported

with continuous
improvement
processes in place
(beyond regulatory
compliance)

A water resources
policy and
management plan
is in place which
addresses issues of
competences, etc.

Automized data
exchange with
local water utility
and environmental
data (site and
catchment) are
available in real
time

The digitization

at site level

is completed.

All assets are
connected and all
production sites are
transparent. Water
and resources

are automatically
analysed. First
control bots for self-
optimization reduce
risks and failure
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Water use is
optimized with
respect to other on-
site resources and
with production, and
proactive response
to foreseeable
regulations

Water quality
monitoring and
management

for pollutants of
emerging concern
and potentially
more stringent
regulation limits

Water-related
decisions are made
based on full sight
of impacts and
interplays across
the site

Optimization of
water and resource
management and
production adapts
dynamically on
resource availability

Site and production
are agile on
fluctuating water
and resource
availability.
Production is full
automized. The
interaction between
water, resources
and production

is continuously
analysed and self-
optimized

Water use across
supply chains,
catchments, etc.
are managed as a
shared resource

Water quality
across supply
chains, catchments,
etc. are managed
collectively

Water-related
decisions are made
based on full sight
of impacts and
interplays across
the water lifecycle
and raw materials
lifecycle

Data exchange
across
organizational
boundaries
optimizes resource
planning and
production. Plant
compliance,
stewardship and
authorizations can
be realized in real
time

Production can

be considered

as smart. The
integration of new
services is fast.
Production adapts
automatically on
water and resource
availability



Table 3.1. Continued

Digitization in
industrial water

No or single
monitoring of
resource paths
and consumption.
Plant operation is
mainly ensured
because of long-
term experience of
the staff

C. Gaskin et al. (2019-W-LS-21)

Assessment

and evaluation

of all available
and connected
assets. Strategies
for sustainable
water and
resource strategy
are developed
and included

Relevant KPI and
sustainability KEI
are integrated into
site production
monitoring. All site
data are accessible
and plant, process
and resource
optimization takes
place

Data management
on water and
resource streams
across all units
improves their use
by automatically
adjusting and
optimizing them
on the real-time
demands

Water management
is fully integrated
into the production
ecosystem
considering the
environmental
conditions within
the catchment and
other stakeholders

in business
and investment
strategies

KEI, key experience indicator; KPI, key performance indicator.

e Several sites said that services provided by
third-party organisations were often overpriced,
and they planned to implement similar monitoring
regimes utilising in-house skills. Conversely,
several organisations said that specialised third-
party services companies were most competent
to manage water because of sectoral expertise,
which ensures regulatory compliance for the
industrial end user.

The three main challenges to improving industrial
water stewardship identified based on stakeholder
consultations were as follows:

1. The most common challenge that participant
sites reported was the high upfront cost of water
projects, with company payback time limitations a
significant obstacle to project approval.

2. The second most common challenge was a lack
of awareness from top-down management of the
importance of water stewardship and digitalisation
for industrial water management. However, it
was noted that there has been recent progress
in this regard, particularly since the COVID-19
pandemic, due to the global shift by companies
towards reporting more ESG information and
the automation of production facilities to enable
them to operate with limited numbers of staff
on-site. Evidence of increased top-down buy-in
for improved industrial water management is
seen through organisations seeking accreditation
for water stewardship standards and setting up
dedicated task forces to deal with increased

customer requirements for industrial water
guidance and consulting.

3. The third most common challenge was a lack
of risk assessment for operations and supply
chains. The identification of key operational risk
parameters was a challenge because of the
varied types of production from site to site, while
access to data from suppliers (beyond monetary
spending) was particularly challenging for
multinational organisations with globally complex
supply chains.

3.3.2 A standardised methodology for water
lifecycle mapping

Purpose

Mapping an industrial water system and providing a
visualisation of the map produced gives organisations
an easy-to-understand format for multiple stakeholders
to use, including water managers, senior management,
general employees and existing or prospective clients.
It enables industry to establish the current state of
industrial water management on-site (i.e. water flows,
water types, water metering coverage, water balance/
footprints, data flows and technologies).

As part of this project, a more standardised approach
to industrial water mapping was developed and
piloted at three industrial partner sites. A standardised
approach not only enables a better understanding of
the current state of water lifecycles at different sites
but also provides a guide to the potential future state
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of water stewardship activities when greater adoption
of 14.0 technologies is incorporated in industry.

The main advantage of the water mapping standard
developed during this research is its adaptability to
different industrial site characteristics and priorities.

Application

A standardised mapping template (Figure 3.3) was
developed that divides the water system into distinct
service types, based on water service types identified
in the US EPA Lean & Water Toolkit (US EPA, 2011)
and further refined by the authors in association

with the project’s industry partner sites over a 3-year
period. The template follows the flow of water through
the site, with water supply entering on the left and the
subsequent flow of water to the right towards the final
sink. It details the five stages of the water lifecycle,
namely:

1. supply and distribution (e.g. abstraction, mains
water, alternative supply sources such as
harvested rainwater);

2. pre-treatment (e.g. demineralisation, reverse
osmosis);

3. end users (e.g. heating/cooling for production,
cleaning, ingredient in final product, domestic
applications);

4. post treatment (e.g. wastewater treatment);
5. sink (e.g. public sewer, waterbody, tanker).

The template is filled in with the various water
processes, showing water flows from left to right
across the industrial site from supply and distribution
through to the final sink. It is worth noting that a

number of sites may have different configurations
based on their specific production type (e.g. food and
beverage, pharmaceutical) and that the template can
be adapted to sites’ specific needs (e.g. deleting or
adding service types and sub-processes).

The application of a detailed site water map
(Figure 3.4) developed using the proposed template is
described in Box 3.1.

Lessons learned

Findings from applying a water mapping methodology
and tool at industrial sites indicate the importance of
using water mapping, not just for its role in helping
organisations to understand the water lifecycle but
because it provides a platform for subsequent data
collection and analysis.

Lessons learned from the application of the mapping
tool at industrial sites include the following:

e Water mapping is the first step towards gaining
a detailed understanding of the industrial water
lifecycle. It enables sites to understand their entire
water lifecycle from supply to sink, including the
key water types used on-site.

e The mapping tool can be used to gain an
understanding of a site’s water mass balance.
This will help to identify areas of significant water
use and problem areas, including water that is
unaccounted for and uncontrolled losses.

e A diagnostic mapping tool can identify operational
management optimisation opportunities through
the identification of water leaks, water process
equipment efficiencies, and the potential for
reusing water and other resources such as energy
and biosolids.
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Distribution
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Figure 3.3. Site water mapping template.
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Box 3.1. Case study: application of water mapping template by partner organisation

The creation of a site water map enabled one partner organisation to comprehensively understand water
flows across its complex pharmaceutical site. The site has over 70 end users for water, while there are
11 different water types within the site’s water lifecycle. The map has enabled the organisation to identify
significant water users and high-risk areas and understand its site metering coverage. Analysis of certain
water types has also enabled it to identify opportunities to reduce and reuse water on-site.

Furthermore, the site has used the map as a tool for communicating with various stakeholders,
encouraging behavioural change among employees, presenting business cases for water-related projects
to senior managers and demonstrating water management competence to third-party auditors.
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Figure 3.4. Example of a detailed site water map.

e It can inform emergency responses to water e It can inform calculations of the true cost of water,
equipment/process failures (e.g. what downstream to justify water projects based on potential cost
processes will be affected and if a process may savings.
need to be shut down or can be bypassed). e It can improve understanding of the flow of key

e |t can be used as a communications tool to water types and how they support the identification
demonstrate clearly to stakeholders such as of key quality-related input and output parameters
parent organisation management, customers, across significant water users.
regulators and water stewardship auditors that the e |t can support action plan development for
site is managing its water in a proactive manner. responsible industrial water management.

e |t can be used to demonstrate evidence of water e Awater map can be used as a platform, playing an
management that meets water stewardship important role in identifying the key quantity data
standard criteria to third-party auditors. available across the entire lifecycle, a key input

into the quantity, quality and cost (QQC) model.
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3.3.3  Data audit tool for industrial water risk without due regard to quality parameters, such as
microbial growth, or indeed costs, such as those for

Purpose maintenance or chemical treatment.

On-site water systems are highly complex and evolve From a data analytics perspective, further complexity

over time. As one drills down into each major process, is added by the need to incorporate the additional

the complexity increases and the need to access the dimensions of location and time into the data models.

following becomes evident if water-related risks are to Therefore, every measurement point in the water

be identified and controlled: lifecycle of the plant has QQC parameters that must be

tracked and analysed over time and more importantly
in the context of their precise location in the major
water processes of the site (Figure 3.5).

e quantity data (e.g. from building management
systems, flow meters, supervisory control and
data acquisition systems, programmable logic

controllers); Without looking at these dimensions in a holistic
e quality data (e.g. from laboratory systems, inline manner, risks and optimisation opportunities cannot be
monitors, third-party reports); fully understood.

e cost data (e.g. from financial systems,

i Of critical importance to the transition to the increased
maintenance systems, energy systems).

digitalisation of water management and stewardship
at industrial sites will be data availability and the

For example, in a cooling tower scenario, one , . , .
associated evaluation of the quality/representativeness

cannot simply optimise water quantity or water use

|
|
¥
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Figure 3.5. QQC model.
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of these data to inform site-specific, broader catchment

and supply chain action plans.

Data availability is often identified as a barrier to
proactive water management at industrial sites, with
good quality and timely data a prerequisite for the
data analytics and predictive tools offered by IW4.0
technologies in the water domain. Data relating to
water at industrial sites primarily include data on
water quantity (e.g. water consumption, wastewater
discharge volumes) and water quality (e.g. total
suspended solids, biological oxygen demand (BOD),
nutrient and pollutant concentration), with different
data requirements for different sites based on their
production type.

To overcome vertical and horizontal data integration
challenges and ultimately control risks related to the
QQC of water inside and outside site boundaries,
first the quality of current data across the water
lifecycle must be assessed. This is a key input into
the development of a generic data model for IW4.0
and a crucial input into the assessment of risk across
significant water users.

The research team have published a risk assessment
methodology (Trubetskaya et al., 2021a), as shown in
Figure 3.6. This can be used as a tool for qualitative
and quantitative risk assessment and for decision
support at industrial sites. A key finding from using
this methodology has been the importance of having
a strong data model to inform better risk assessment
and management.

Risk assessment generally is an iterative process with
the following steps:

e an initial identification of the roots of the risk;

e an analysis of these roots and of the
consequences of the risk being realised in the
industrial and public water sectors;

e a consideration of their combined risk outcome by
evaluating the magnitude of the risk;

e some judgement of the acceptability of the risk;

e a decision on how to act, either in risk mitigation
or in demonstrating that the risk is low and the
residual risk is being acceptably managed.

The risk assessment process is represented by the
continuous control loop that is an iteration of data
collection, analysis and decision-making. The risk
assessment process suggests actions that can
effectively manage the risk followed by any additional
mitigating analysis or action. Because the process

is iterative, it can be repeated an unlimited number
of times to mitigate risks. Risk assessment alone
does not reduce risk. It informs the decision-making
and associated actions needed to manage risk.
Management action related to risk mitigation assumes
that the responsibility has been passed to the risk
owner, who is accountable for the actions and their
completion, so that the risk is mitigated accordingly.

This section outlines the development of a generic
template that industrial sites may apply to identify
water data availability and quality. It can be tailored
to suit sites’ specific characteristics and priorities

Data check / Identify risk
audit parameters

Risk
mitigation
—
Yes

No

)
Is risk
acceptable?
)

Risk
assessment
A

Determine
upper and lower
limits

Data collection

_[

Mapping of
risk analysis
output

' ™
Data .
validation Data analysis
4

N

Figure 3.6. Flow chart of risk flow assessment methodology. Source: reproduced from Trubetskaya et al.
(2021a); licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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quality audit tool, a proof-of-concept risk tool for
cooling towers, and an academic publication outlining
a wastewater-related risk assessment methodology at
industrial sites are outlined below:

to support risk assessment across significant water
users. The methodology applied to develop this data
model involved the following:

e a comprehensive literature review to identify

the key quality input and output risk monitoring e Data quality audit tool:

parameters across the significant water users
identified;

e the development of a data model for standardising

the approach to data availability and quality
assessment;

e the validation of the data model at industrial sites.

— Participants realise the importance of having
access to good-quality data for insightful
decision-making relating to water. Good-quality
data are a prerequisite for implementing
14.0 solutions such as digital twins and artificial
intelligence.

— Based on the application and validation of the
data quality audit template at the three partner

Applicati
Ppeicanon sites, it was possible to assess the level of
This section summarises the key process steps used data accessibility, quality (i.e. completeness

to apply the data audit tool. and validation) and automation controls

e Step 1 — Identify key quality input and output
risk monitoring parameters across the significant
water users identified. As noted in section 3.2,
water lifecycle mapping offers a platform for
data collection, with the potential to assess data
quality on significant water users by source,
pre-treatment, end user, post treatment and sink.
The research team used the site lifecycle maps
developed in section 3.3.2 as a starting point with
each partner to define key significant water users
on-site and then to identify the key input and
output parameters associated with each user.

e Step 2 — Undertake a data audit plan based on a
standardised approach to auditing the availability
and accessibility of data across each significant
water user identified.

e Step 3 — Undertake a data audit assessment to
determine the quality of the key data associated

with each parameter using best practice criteria for

14.0 data quality assessment.

e Step 4 — Perform a risk assessment post data
audit. Following the completion of the water
data audit across the three sites, the project
team trialled the risk assessment methodology
with two significant water users at the partner
sites — cooling towers and wastewater treatment
plants — using the risk assessment process
described above.

Lessons learned

Findings from project participants based on the
development and application of a generic water data
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for significant water users by selecting the
input and output quality parameters of most
relevance to the site. The scoping questions
also enabled the sites to measure against
their own benchmarks regarding water data
availability and quality.

— Each of the three sites had different water data
management maturity levels. The differences
were primarily related to the manufacturing
sectors that the sites belong to and the degree
of regulatory compliance required in their
environments.

— Perhaps the most notable finding from the
application of this tool across the three sites
was regarding data accessibility, particularly
where third-party service providers were
involved in supporting water operations. Issues
relating to ownership of and access to data
emerged from the findings, with the potential for
limited access to create information silos being
a major concern for the organisations.

e Risk assessment methodology and tool for
wastewater treatment:

— The research team published an approach to
assessing wastewater risks for the industrial
sector (Trubetskaya et al., 2021a). This paper
identified that the potential wastewater-related
risks that could hamper the operation of an
entire manufacturing facility are currently
inadequately defined and under-researched.

— This study involved a review of the academic
and grey literature for parameters of
significance to industrial wastewater treatment
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and regulatory compliance, and the validation
of literature findings through experimental data
collection to quantify the impact of significant

process parameters on critical process outputs.

From a business perspective, managing and
minimising risks will be possible when the
number of impact parameters is small and the
relationships between different parameters are
clearly understood.

3.3.4 A standardised methodology for
calculating the true cost of water

Purpose

Because of the low direct costs of water, various true
cost of water assessments have been developed to
help organisations better understand the often-hidden
costs associated with industrial water management,
such as energy, chemical and materials inputs for
water processes (Malhotra et al., 2021). The true
cost provides a valuable insight into the operation

of industrial sites, a means for internal and external
benchmarking and internal cost control, and the
necessary data to financially justify any modifications

required (Walsh et al., 2017). Moreover, the data
generated from calculations of the true cost of water
may be used in the calculation of a water footprint or a
lifecycle cost (Walsh et al., 2016). While the complexity
of the tools available ranges from spreadsheets to
web-based platforms, the first step in determining

the true cost of water is accurate water accounting
(Malhotra et al., 2021).

The methodology developed for calculating the true
cost of water using the proposed tool is outlined

in Figure 3.7, which shows the data collection
requirements for industrial sites and the outputs
generated, such as a financial summary, by process.
Highlighting the indirect financial cost associated with
treating and processing water at industrial sites allows
a holistic understanding of the cumulative cost and
for the true cost of water to be assessed and justified
in a coherent, standardised fashion. The insights
generated by applying this methodology will allow site
water managers to better justify projects by accounting
for the indirect costs of water rather than considering
the direct cost of water alone, which often leads to
projects being deemed financially prohibitive because
of unsatisfactory payback times.

* Produce adetailed water map

® From the map deline the process blocks

= Connect all the % llows (see ligure 1.2)

* Map out each ol the precess blecis showing the volume of water in, elfluent, losses, water used in process and water output

modd.

* Useinlormation lromwater llow diagram to inpul the % llows between process blocia in the “edit llow” tab of the True Cost of Water

» Data in relation to Further Added Values

= Gather sepcilic data and values [rom the site lor the odit process tab of the True Cost fo Water moddl.

* Plugin data collected from siteinto the ‘edit procos’ tab

s Analyse values generated in linancial Mow tab

* Financial summary and process linancials are generated based on information entered into the medd

Figure 3.7. Methodology for calculating the true cost of water.
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Application

The novel aspect of the proposed model is that it has

been developed to aid industrial sites in calculating the

true cost of water at points of use (i.e. it is a process-
based approach) rather than on a simple whole-site
basis, providing greater insight into how costs can be
reduced. This model evaluates the water balance of
the system accounting for water intake, effluent, water
losses, water used by the process and water output. It
details where value is added and costs are incurred.
The model provides a snapshot analysis of water

use and the true value at points of use to assist in
developing more sustainable practices that could lead
to a reduction in water consumption. Water scarcity

is a global issue, and this model helps facilities to
understand their water use, the true costs of their
water use and potential areas for water savings.

The tool also can also determine carbon emissions
associated with each cost step to identify potential
carbon savings.

Lessons learned

Access to representative data is essential for realistic
calculations of the true cost of water. Lessons learned

Box 3.2. Case study: application of water
map to analyse true cost of water at partner
site

Mapping the water lifecycle was an important
element in the development of the methodology
for analysing the true cost of water at one of

the partner sites. By identifying significant water
users, water types used on-site and key inputs
into each, the site used the water map to identify
the true cost of water on-site.

This map can enable the site to identify
optimisation projects in process areas of known
high consumption and high cost. By establishing
the true cost of water in key process areas,

the site can create a business case based on

a return-on-investment/payback period that is
significantly more attractive than a business
case based on projected incoming and outgoing
costs alone.
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from the application of the tool at industrial sites
include the following:

e A good understanding of the location of major
indirect water costs in the industrial water system
can inform business case development for efficient
processes and equipment through optimisation,
reconfiguration or replacement.

e As water is the primary energy carrier for heating

and cooling at industrial sites, the tool has the

potential to identify opportunities for using waste
heat and for cost savings.

The current tool could be further expanded to

include a decarbonisation layer, which would

involve using emission factors to convert energy
and material/chemical data into associated carbon
emissions, which could inform decarbonisation
measures associated with water management.

3.3.5  Supporting future state scenario

planning: global megatrends

Purpose

The purpose of this tool is to give industrial sites a way
of identifying the main industrial water and regulatory
trends (collectively referred to as megatrends) that
they may face in the coming years. A review of both
the literature and stakeholder consultations has
identified a gap in resilience planning across water
management in industry, due to departmental silos and
data availability issues, that is leaving organisations
ill-equipped to deal with emerging global trends.

The development of this tool entailed reviewing
national and EU policies and general industrial trends
to identify the upcoming megatrends with most
relevance to industrial water stewardship and providing
industrial sites with a template to outline the relevance
of these trends to their specific sites. This will allow
sites to prioritise addressing the megatrends that will
significantly affect their operations and develop action
plans and strategies for successful business resilience.

Based on the research team’s national and EU-level
policy analysis, engagement with Water Europe’s
Industry Working Group, the EPA project steering
committee and project partner sites, and a review
of the academic and grey literature, five global
megatrends were identified as likely to be most
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relevant to the transition to sustainable industrial
water management. These megatrends are (1) climate
adaptation and water supply risk, (2) zero pollution,
(3) decarbonisation, (4) circular economy and

(5) emerging technologies and supply routes.

Based on the findings, the other tools in the IW4.0
framework were adapted to support organisations
in strengthening their on-site water management to
mitigate the potential impacts of each megatrend.

Application

A methodology was developed to help industrial sites
develop their current understanding of each of these
megatrends and how it specifically relates to their sites
both now and in the future.

To test the effectiveness of the approach, a pilot of
the proposed megatrend exercise was carried out
with the three project partner sites (Table A2.1) prior
to engagement with wider industrial organisations.

A template was devised to identify the key drivers,
challenges and opportunities related to analysing the
potential impact of the megatrends on organisations’
water management at their sites, on their business
models and in their catchments.

The project team then held an industry-wide workshop
at the Water Stewardship Ireland Community of
Practice Meeting on 12 May 2022. The workshop
involved presenting the preliminary research findings
from the IW4.0 project and discussing the collective
challenges and opportunities facing industrial water
management in Ireland. The future state scenario
planning (megatrend analysis) template was presented
to 16 Community of Practice members, followed by
the distribution of a worksheet asking participants

for written feedback on the potential impact of

each megatrend on their site. Responses were
received from participants across a diverse range of
sectors — the food and beverage, pharmaceutical and
life sciences, healthcare and transport sectors — and
national agencies. A summary of participant responses
about each megatrend is shown in Table A2.2.
Participants were also asked to rank the megatrends
in terms of perceived importance to their industrial
sites. The order was as follows:

1. climate adaptation and water supply risk;

2. zero pollution;
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3. decarbonisation;
4. circular economy;
5. emerging technologies and new supply routes.

Notably, the two most important megatrends to
industrial sites, namely climate adaptation and water
supply risk and zero pollution, reflect the top-down
policy emphasis that each of these megatrends
receives at the EU level and national level in Ireland.

Lessons learned

Views of workshop participants from industrial sites
about each megatrend’s relevance to their sites are
outlined below and summarised in Table A2.2.

Appendix 2 summarises the key findings from the
stakeholder consultations with industrial partner
sites and the workshop with Water Stewardship
Ireland Community of Practice members on the
drivers, challenges and opportunities across the five
megatrends identified.

34 Themes from the Application
of the Industrial Water 4.0

Framework

This section presents the main findings from
consultations on and the application of the IW4.0
framework. These are based on consultations with
experts from across Europe, an analysis of the
industrial engagement insights generated using

the IW4.0 framework and the application of each of
the framework component tools by the three partner
industrial sites.

3.4.1 Limited appreciation of the true value of

water at corporate level

A recurring theme across the stakeholder consultations
was the lack of emphasis placed on the value of water
by organisations at senior management level, with a
lack of awareness from top-down management of the
importance of water stewardship and digitalisation for
proactive industrial water management.

This is seen most acutely in the funding challenge
facing participant sites in gaining approval for

water optimisation projects. The high upfront cost
of water projects slows large-scale deployment of
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water-focused projects, with company payback time

limitations for asset procurement a significant obstacle.

Payback time limits for projects are typically 1.5 to

5 years among most of the participating organisations.
This is a challenge for water projects, which typically
exceed this range. Companies accepted that mapping
their water and accounting for the true cost of water
(energy, chemicals nexus) would improve the payback
time of water projects, but there is currently a lack

of awareness of and formalised methods for such
calculations.

Recently, progress has been made in recognising
the true value of water due to the global shift by

companies towards more reporting of ESG information.

Moreover, the COVID-19 pandemic has accelerated
the transition towards automating production facilities
to enable these to operate with limited staff on-site.
Based on the increasing number of companies that
will be required to report non-financial data in the
upcoming CSRD, more organisations will be required
to report on water quantity and quality parameters
beyond solely large water users.

Evidence of increased top-down buy-in to improved
industrial water management is seen through
organisations seeking accreditation for water
stewardship standards and setting up new dedicated
task forces to deal with increased customer
requirements for industrial water guidance and
consulting. To aid industrial sites in this regard, there
is a need to raise awareness among enterprises of
the true value of water to business and to support the
roll-out of water stewardship competency development
programmes and initiatives for employee upskilling
and site verification schemes.

3.4.2  Limited national support for
organisations to commence
decarbonisation of the industrial water

lifecycle

Recently, a more holistic approach to the resource
management of the industrial water lifecycle and its
impact on carbon and energy has received significant
attention. This has led to an emerging research field,
referred to as the energy—water—carbon (EWC) nexus,
the aim of which is to understand the complexities and
possible synergies involved in taking an integrated
approach to the management of resources and to
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provide guidance to accelerate the transition to a low-
carbon society.

Currently, significant data gaps exist in relation to GHG
emissions for the industrial water lifecycle in Ireland,
and, during stakeholder consultations, industrial sites
cited the need for national sectoral benchmarks and
emission factors.

Moreover, publicly available data are limited on
industrial site water processes and associated carbon
emissions throughout Europe, primarily because these
data are commercially sensitive. Currently, there is no
detailed roadmap for the decarbonisation of the Irish
industrial sector beyond the high-level targets of the
Climate Action Plan 2021 (DECC, 2021a).

A review of national industrial decarbonisation
strategies throughout Europe found that almost all
focus exclusively on eliminating emissions associated
with site operational energy requirements by
decarbonising energy sources and improving energy
use efficiency. Limited attention is given to how
improved site water management and stewardship
could reduce on-site, upstream and downstream GHG
emissions. However, a number of national industrial
decarbonisation strategies have highlighted the
potential role of improved water management in the
transition to a low-carbon society. The UK Industrial
Decarbonisation Strategy (DBEIS, 2021b) details
actions needed to decarbonise the industrial sector
and refers to the contributions of improved water
efficiency to energy and emission reductions. The
relevance of water to decarbonisation has also been
highlighted for the paper and board industry in the
Netherlands (TNO, 2021).

Given the significant role that water plays in industrial
site production processes, energy systems and
associated GHG emissions, it is envisioned that the
EWC nexus will receive greater attention in future
industrial decarbonisation strategies (Trubetskaya

et al., 2021b). By linking proactive water management
to meeting decarbonisation/net-zero priorities at
industrial sites, water projects become more important
strategically.

Water utility sector decarbonisation roadmaps
across Europe

Lessons for the decarbonisation of industrial water
management can be learned from international
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climate mitigation roadmaps for water utilities in the
UK (Water UK, 2020) and in Denmark (Danish EPA,
2021) and other Scandinavian countries (Larsen et al.,
2022). These outline the decarbonisation potential of
renewable energy sources for electricity and thermal
energy requirements, improving operational efficiency
through operation optimisation and upgrading

old infrastructure, resource recovery, and carbon
sequestration and offsetting. Rani et al. (2022) propose
pathways for a net-zero-carbon water sector through
energy-extracting wastewater technologies and
identify four key strategies to achieve energy efficiency
in the water sector, namely (1) improving process
energy efficiency; (2) maximising on-site renewable
capacities and biogas upgrading; (3) harvesting
energy from treated effluent; and (4) providing a

new paradigm for decentralised water-energy supply
units. The European Commission’s 2022 proposal for
updating the Urban Waste Water Treatment Directive
aims to make the wastewater sector energy neutral
and move it towards climate neutrality (i.e. reduce
GHG emissions by 62.5% compared with 1990) by
reducing energy use, using the larger surfaces of
some wastewater treatments plants to produce solar
or wind energy, encouraging water reuse and using
sludge to produce biogas, which can replace natural
gas (EC, 2022a).

Lessons learned on emissions accounting and
emission factors in the water sector (US EPA, 2010;
Danish EPA, 2021; UKWIR, 2022a) and case studies
on the deployment of decarbonisation technology

in the Irish industrial water sector are outlined in
Appendix 3.

National policymakers will need to be cognisant of the
relationships between climate action and other policy
areas at the EU and national levels to identify potential
synergies and challenges. For example, the EU Zero
Pollution Action Plan outlines a number of high-level
targets that may require more stringent wastewater
emission limits at water service, industrial and energy
facilities. These typically require more energy-intensive
processes and/or additional chemical and material
inputs, which in turn result in greater direct and indirect
GHG emissions. Understanding these trade-offs will
allow for more coherent national polices to help meet
climate action targets.
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3.4.3  Digitalisation of industrial water
management and integration with

production at a nascent stage

Aligned with observations made by the EU ICT4Water
cluster, this research project has identified that
industrial water end user process digitalisation and
integration with production technology is currently
implemented at only a low level throughout Europe.
However, several experimentation and demonstration
projects offer potential pathways to mainstream
deployment. Among the sites involved in this research,
any water process digitalisation and integration

with production data that has occurred has often

been only at site level. Data exchange with parent
organisations (enterprise resource planning systems,
manufacturing execution systems, etc.) is often limited
because of cybersecurity concerns surrounding
commercially sensitive information, but also because
many sites avoid sharing information if there is no
legal requirement to do so, as it requires additional
resources for limited or no perceived added value.
Access to data from third-party service providers
responsible for water processes on-site was also
limited, with issues surrounding data ownership and
sharing.

3.4.4  Third-party ownership of data non
water quantity and quality can lead to

information silos

Perhaps the most notable finding from applying

the data audit tool across the three project partner
sites was regarding data accessibility, particularly
where third-party service providers were involved in
supporting water operations. Issues of data ownership
and access emerged as significant, with limited access
to data resulting in information silos among industrial
sites and their service providers.

A finding from interviews with stakeholders on the
application of the maturity model was that several
sites found services provided by such third-party
organisations often to be overpriced and they plan to
implement similar monitoring regimes using in-house
skills within their organisation. Conversely, a number
of organisations said that specialised third-party
companies were most competent to manage water
because their sectoral expertise ensures regulatory
compliance for the industrial end user.
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3.4.5 Digitally integrated water catchment
opportunities for industrial water

Findings from consultations with industrial sites
across Europe indicated that the identification of key
water risk parameters is a challenge for specific sites
because of the various types of production water and
wastewater profiles and different local catchment
characteristics (e.g. hydrology, climate, weather
events, population, built environment, industrial
intensity, conservation areas). Moreover, access to
supply chain data from business suppliers, beyond
monetary spending, is particularly challenging for
multinational organisations with globally complex
supply chains.

Data exchange interfaces between industrial sites
(e.g. in industrial estates) and more generally
between municipal supply/treatment, industry end
users and environmental regulators offer the potential
to generate high-resolution digital twins of water
systems for improved operational management
insights, maintenance planning, emergency response
preparedness and capital planning. Based on
interviews with industrial site participants, digital
integration between water service providers and
industrial sites is more mature in Germany and the
Netherlands than in Ireland, with real-time monitoring
of customer water consumption and the quality of
wastewater emitted from industrial sites representing
a crude digital twin of water distribution and treatment
for a group of industrial sites. However, a lack of

data integration was observed between industrial

site water management systems and industrial
production systems, which limits the optimal treatment
and circularity of water on behalf of the industrial
water service provider. The sharing of information by
industrial sites with water service companies relating
to parameters such as predicted water demand,
wastewater loads, temperature and the quality of
wastewater was identified as valuable for optimum
water service management in terms of resource
efficiency and circularity.

While tools are freely available for identifying general
water risk hotspots for water stress, flooding and
quality, as is associated guidance on how these risks
may change over time at the national and regional
levels, anecdotal evidence from stakeholders suggests
that these tools are limited in terms of informing
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risk resilience planning at individual industrial sites
because of the lack of detail available at the sites.

3.4.6  Going beyond compliance to address

shared water challenges

Engagement with industrial sites as part of this project
shows that they view water stewardship standards as
paramount in demonstrating their sustainable water
management efforts. However, the standards are often
viewed as overly complex and time, labour and data
intensive, particularly for organisations new to water
stewardship.

This is evident in the relatively low adoption levels of
these standards among industrial sites. Among the
stakeholders consulted with multiple sites globally,
there was a reluctance to commit to multi-site
certification because of the perceived limited value
of achieving certification because of the high cost of
certifying several sites coupled with the complexity of
data collection and sectoral benchmarking on a site-
by-site basis.

Despite this, most stakeholders interviewed noted the
importance of engaging in better water governance
and more proactive water stewardship in their
catchments. This was observed particularly among
sites with a broad global reach in numerous instances
of supporting other global sites and suppliers and
customers in developing countries to ensure good
water governance.

One stakeholder noted that one of their client plants
in India is not allowed to release any wastewater from
its site and instead must incinerate it all to comply
with water regulations, which offers no incentive for
water efficiency and quality improvement. Another
stakeholder mentioned a policy at its plants in water-
scarce areas, where the company has set a target to
be net-water positive by 2025 and to replenish more
than 100% of the water they extract in water-stressed
regions by filling local aquifers.

It was observed that multinational organisations must
consider local laws, regulations and socio-economic
contexts when setting global goals and targets

relating to water governance, as the implementation
potential may be significantly affected by local water
management conditions. These examples highlight the
complexity of different national regulations and their



C. Gaskin et al. (2019-W-LS-21)

impact on the ability of multinational organisations to
implement water governance globally as they strive
to go beyond compliance and become active water
stewards.

3.5 Summary

Building on the IW4.0 concept developed by
DECHEMA (outlined in Chapter 1) and reflecting on
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the key challenges facing industry in digitalising the
management of water lifecycles, this chapter has
proposed a framework to support organisations in
adopting IW4.0 at their sites.

Based on the insights gained from both the literature
review (Chapter 2) and the application of the IW4.0
framework (Chapter 3), Chapter 4 outlines the key
recommendations identified.



4 Recommendations

In this chapter, the five key recommendations based
on the project’s findings are provided.

4.1 Recommendation 1: Put
More Emphasis on Water
in National Climate Action
Policies and Research to Drive
Decarbonisation and Water
Circularity Opportunities Across
Industry

The primary focus of water policy at EU level and
national level in Ireland is preventing pollution and
adapting to climate change impacts. The vital role
of water in supporting national climate action and
circularity strategies is often undervalued both
nationally and across industry.

While mitigating the threat from climate change

to water security is a key consideration, proactive
water resource management can also contribute to
meeting GHG emission reduction targets through
decarbonising energy sources for water services and
improving the efficiency of resources for treating and
distributing water.

Evidence of more holistic water policymaking at

the EU level — namely the proposed revision to the
Urban Waste Water Treatment Directive, which

sets targets relating to climate action and circularity
policy objectives for the water sector (EC, 2022a),

and the proposed CSRD'’s (EU, 2022a) business
reporting disclosure requirements for water and
marine resources — provides a clear signal to national
policymakers that more emphasis should be given

to water in policy areas such as climate mitigation,
circularity and emerging technology supply routes. At
the same time, better guidance and tools are needed
for industrial sites and national water service providers
to enable them to engage with and address these top-
down policy signals proactively.

The Whole of Government Circular Economy Strategy
2022-2023 “Living More, Using Less” (DECC, 2021b)
highlights the interconnection between the “take—

make—waste” model of consumption and the enormous

negative impact of this on our critical water resources

nationally. This reality is often poorly understood, but it
is likely that we will feel the impact of climate change
and the linear economy most profoundly through
water — in both our businesses and our daily lives.

The EU’s Second Circular Economy Action Plan

(EC, 2020b) draws attention to the need to include
actions in areas with high potential for circularity and
specifically identifies the area of water and nutrients
as one such opportunity. We believe that this is the
correct approach to take. Ireland’s water sector does
have significant potential to exemplify the principles of
a circular economy. Areas of potential include:

e water efficiency and recycling;

e carbon emission reduction and sequestration;
e energy recovery;

e materials recovery.

However, translating this potential into reality will
require significant changes nationally to policies,
support programmes, water management models,
technologies, regulation and infrastructure design.

Hence, we believe that unlocking the potential for
addressing both decarbonisation and circularity in

the water sector requires greater attention to be

paid to this area in national policies, the associated
support programmes and the associated stakeholder
and implementation groups. It will be important for
policymakers to be cognisant of the relationships
between climate action, water and other national policy
areas to identify potential synergies and challenges.

Understanding these trade-offs will allow for more
coherent national polices and underlines the
importance of understanding the EWC nexus in
meeting climate action targets.

4.2 Recommendation 2: Develop
a National Roadmap for
Decarbonisation of the Industrial
Water Lifecycle

While mitigating the threat that climate change
presents to our water security should be a key
consideration in national climate policy, proactive
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water resource management can also contribute to
meeting GHG emission reduction targets through
decarbonisation of energy sources for water services
and resource efficiency in the treatment and
distribution of water. Furthermore, there is potential
for resource recovery of water, energy, biosolids and
nutrients (such as phosphorus and nitrogen) and the
associated upstream and downstream GHG emission
savings.

Findings from the stakeholder consultations and
comprehensive literature review have identified a

gap in international best practice that prevents Irish
organisations from meeting reporting requirements for
international water stewardship standards because

of the significant data gaps relating to the energy
requirements of their industrial water processes and
the associated emissions.

National decarbonisation and climate mitigation
roadmaps for water have been developed in the

UK (Water UK, 2020) and Denmark (Danish EPA,
2021). These outline the decarbonisation potential

of renewable energy sources for electricity and
thermal energy requirements, improving operational
efficiency through optimisation and upgrading old
infrastructure, resource recovery, GHG sequestration
and offsetting. Furthermore, as well as including
energy-related emissions (fossil fuel combustion), the
Danish EPA’'s methodology for defining and measuring
GHG emission levels includes assessing process
and fugitive emissions from water and wastewater
treatment plants.

Based on lessons learned from the European

water sector, the authors recommend that a

national roadmap for decarbonisation of the industrial
water lifecycle in Ireland is developed with input from
various national stakeholders.

The decarbonisation roadmap should:

e Provide a baseline of GHG emissions associated
with Ireland’s industrial water lifecycle through the
development of an industrial sector GHG footprint
tool that accounts for on-site (including fossil fuel
combustion, process and fugitive) emissions, and
upstream and downstream emissions associated
with water processes at industrial sites.

Identify successful case studies of industrial water
decarbonisation measures (e.g. on-site renewable
energy generation, energy and/or water efficiency
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measures and industrial symbiosis) in Ireland and
internationally, and estimate the GHG emission
reduction potential from sector-wide deployment of
these measures in the Irish industrial water sector.
Identify relevant national stakeholders and

their supportive roles in the decarbonisation of
the industrial water lifecycle (e.g. Irish Water,
Sustainable Energy Authority of Ireland (SEAI),
EPA, Office of Public Works (OPW), Commission
for Regulation of Utilities (CRU), industry,
communities, citizens).

4.3 Recommendation 3: Establish a
National Dataset for Industrial

Water Use

In 2022, Water Europe and CDP issued a joint
declaration urging EU Member States to support the
provision of consistent water information to enable
organisations to tackle climate-driven water-related
challenges via the Industrial Emissions Directive. This
declaration noted that increasing the efficiency of our
water systems can help to reduce GHG emissions by
up to 10% (Water Europe, 2022).

Aligning with that declaration, the findings in this report
identify a need to collate and analyse industrial water
data to support the achievement of a “water-smart”
society. A review of emerging policies via the literature
review and extensive stakeholder consultations on

the digitalisation of industrial water management have
identified the strong opportunities for and benefits to
industry, municipal authorities and other stakeholders
(such as the EPA and Irish Water) of enhancing data
collaboration to support better water stewardship.

The establishment of a national dataset for

water will allow for greater oversight of industrial
water management by identifying water risks to
organisations, ensuring greater recognition of the

true value of water, and inform future water research
and development strategies. The development of

an integrated national dataset for water stewardship
that incorporates information from Irish Water and
initiatives such as the CWS programme would provide
detailed data on industrial water use in Ireland,
allowing for the characterisation of water use and
stewardship by large and medium industrial water
users and supporting targeted interventions to support
national efforts to reduce water use and conserve
water.
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4.4 Recommendation 4:
Establish a National Talent
Development Programme to
Apply Industry 4.0 to Water
Stewardship and Broader
Enterprise Sustainability

Practices

Despite Ireland’s position as a leader in industrial
water stewardship in Europe, to ensure continued
business operations, more work is needed to promote
education and raise awareness among organisations
about the material risks (including operational,
financial, regulatory and reputational) associated

with water, to ensure that they understand both the
true value of water and the business case for more
proactive industrial water management. For example,
the cost of inaction in regard to water risks in Europe is
estimated to be five times higher than the investment
needed to tackle water-related risks to industrial
activities (CDP, 2021).

Stakeholder consultations outlined organisations’ need
for continued investment in skills and competency
development to support them in transitioning to more
sustainable organisations. The European Green Deal
is expected to create 2.5 million additional occupations
requiring specific competencies. However, the growth
in green occupations is currently not equalled by a
similar growth in the number of professionals with the
requisite green skills (LinkedIn, 2022; Microsoft, 2022).

Ireland has identified the need to invest in upskilling
its workforce to optimise opportunities and strengthen
its climate change mitigation efforts. The fifth pillar

of Future Jobs Ireland focuses on transitioning to a
low-carbon economy (Government of Ireland, 2019a),
while principle 2 of the Climate Action Plan 2021
strives to ensure that people are equipped with the
right skills to participate in and benefit from the future
net-zero economy (DECC, 2021a).

However, findings from this research suggest there

is a gap in the delivery of skills and competency
development needs across existing enterprises and
that addressing this gap is vital to achieving net-

zero ambitions. Of the more than 50 actions in the
enterprise section of the CAP 2021, only one relates to
skills development. As outlined in recommendations 1
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and 2, the authors believe that focusing on developing
water-related skills in organisations throughout

the country can support our key climate goals. In
particular, there is a need for more water researchers,
practitioners and apprentices that are equipped with
skill sets across areas such as water management,
data collection and analysis, best practice and
corporate reporting to support organisations to make
their transition.

Although this research focused primarily on water,

it became apparent that these skill sets are also
required in areas such as waste and circularity,
energy and emission management, biodiversity

and broader sustainability strategy. Furthermore,

a lack of coherence in sustainability standards is
creating a fragmented reporting landscape and
leading to global investor dissatisfaction. Recent
changes in the sustainability reporting landscape,
such as the upcoming CSRD, will drive the adoption
of legislation for businesses across Europe that
requires them to publish detailed information on
sustainability data; however, uncertainties remain
about the interoperability of standards (PwC, 2022).
These significant alterations to a business structure
will require profound changes in design, production,
services, consumption and investment that will

be impossible to achieve without skilled people
(CEDEFOP, 2021a). All industries will see the demand
for certain skill profiles increase and the demand for
other skills decrease, as well as the emergence of
new occupations and the need to up- or reskill people
in existing environmental and non-environmental jobs
(CEDEFORP, 2021b). As a result, directives such as the
CSRD will present a competency-based challenge for
most companies.

We believe that further support is required to
complement existing initiatives and underpin a just
transition for all. As well as reskilling and providing
support for developing new skills, upskilling among
existing businesses to address climate action needs
to be a priority and requires a more specific focus

on transitioning these firms. There is a clear need

to understand and build the competencies of the
current workforce to enable mitigation and adaptation
activities. Therefore, a key priority should be focusing
on identifying businesses that need support with this
transition and providing that support.
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4.5 Recommendation 5: Undertake
Further Research into and
Development of the IW4.0

Framework

The current project has developed several tools to
help industrial organisations on their journey towards
proactive water stewardship. Each of these tools

was developed to enable organisations from any
industrial sector to assess their current state and to
provide prescriptive guidance on the next steps in their
transition to a desirable future state of industrial water
management. Although each of these tools provides
generic guidance for the industrial sector, successfully
implementing industrial water stewardship will require
further refinement and evolution of the proposed tools
as the water agenda receives more attention from
industrial organisations, policymakers and academic
researchers.
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Through stakeholder consultations with industry
experts from across Europe, it has become apparent
that IW4.0 has the potential to become a pan-
European framework for smarter water stewardship,
combining traditional elements of water stewardship
with digitalisation of the water lifecycle, enabling
organisations to support the EU’s ambition to become
a water-smart society. The various framework
components have been designed to be generic and
scalable, enabling organisations across Europe to
assess their current levels of maturity with regard

to IW4.0 before receiving guidance and support

(e.g. standardised methodology for water mapping,
data quality templates, methodology for calculating
the true cost of water, megatrend analysis) on how to
increase their maturity level as they increasingly adopt
IW4.0 practices in their organisations.



References

AWS, 2019. The AWS International Water Stewardship
Standard. Available online: https://adws.org/the-aws-
standard-2-0/ (accessed 17 January 2022).

Becker, D., Jungfer, C. and Track, T., 2019. Integrated
industrial water management — challenges, solutions,

and future priorities. Chemie Ingenieur Technik 91(10):

1367-1374.

C3S, 2022a. Operational service for the water sector.
Available online: https://climate.copernicus.eu/
operational-service-water-sector (accessed
15 November 2022).

C3S, 2022b. Pluvial flood risk assessment in urban
areas. Available online: https://climate.copernicus.eu/
pluvial-flood-risk-assessment-urban-areas (accessed
17 November 2022).

Carter, K., Jungfer, C., Renz, M. and van der Gaast, W.,
2022. Water-mining report: market system
mapping — case study 9: Germany. Unpublished
report. DECHEMA e.V., JIN Climate and Sustainability,
Groningen.

CDP, 2021. A Wave of Change: The Role of Companies
in Building a Water-secure World. CDP Worldwide,
London.

CDP, 2022. Water Watch — CDP Water Impact Index
highlights the business activities with the greatest
impact on water. Available online: https://www.cdp.
net/en/investor/water-watch-cdp-water-impact-index
(accessed 15 November 2022).

CDSB (Climate Disclosure Standards Board), 2021.
CDSB Framework Application Guidance for Water-
related Disclosures. London. Available online: https://
www.cdsb.net/water (accessed 16 March 2023).

CEDEFOP, 2021a. The Green Employment and Skills
Transformation: Insights from a European Green Deal
Skills Forecast Scenario. Available online: https://www.
cedefop.europa.eu/files/4206_en.pdf

CEDEFOP, 2021b. Digital, Greener and More Resilient:
Insights from CEDEFOP’s European Skills Forecast.
Available online: https://www.cedefop.europa.eu/
files/4201_en.pdf (accessed 15 June 2022).

CMA (China Meteorological Administration), 2022.
Combined intensity of heat wave events has reached
the strongest since 1961 according to BCC. Available
online: http://www.cma.gov.cn/en2014/news/
News/202208/t20220821_5045788.html (accessed
11 November 2022).

36

CRU (Commission for Regulation of Utilities), 2021. Irish
Water Performance Assessment Framework 2020 to
2024 Metric Review and Target Setting. CRU, Dublin.

Cullis, J.D.S., Horn, A., Rossouw, N., Fisher-Jeffes, L.
Kunneke, M.M. and Hoffman, W., 2019. Urbanisation,
climate change and its impact on water quality
and economic risks in a water scarce and rapidly
urbanising catchment: case study of the Berg River
Catchment. H,Open Journal 2(1): 146-167.

Danish EPA, 2021. “Paris Model” Reporting for the Water
Sector in Denmark. Ministry of Environment Denmark,
Danish Environmental Protection Agency, Odense,
Denmark.

DBEI (Department of Enterprise, Trade and Employment),
2019. Ireland’s Industry 4.0 Strategy 2020—-2025.
Dublin. Available online: https://enterprise.gov.ie/
en/publications/publication-files/irelands-industry-4-
strategy-2020-2025.pdf (accessed 16 March 2023).

DBEIS (Department for Business, Energy and Industrial
Strategy), 2021a. 2021 Government Greenhouse Gas
Conversion Factors for Company Reporting. London.

DBEIS (Department for Business, Energy and Industrial
Strategy), 2021b. Industrial Decarbonisation Strategy.
London.

DCCAE (Department of Communications, Climate
Action and Environment), 2018. National Adaptation
Framework: Planning for a Climate Resilient Ireland.
Dublin.

DCCAE (Department of Communications, Climate Action
and Environment), 2020. Waste Action Plan for a
Circular Economy: Ireland’s National Waste Policy
2020-2025. Dublin.

DECC (Department of the Environment, Climate and
Communications), 2021a. Climate Action Plan 2021.
Dublin.

DECC (Department of the Environment, Climate and
Communications), 2021b. Whole of Government
Circular Economy Strategy 2022-2023 “Living More,
Using Less”. Dublin.

DHPLG (Department of Housing, Planning and Local
Government), 2018. River Basin Management Plan for
Ireland 2018-2021. Dublin.

DHPLG (Department of Housing, Planning and Local
Government), 2019. Water Quality and Water Services
Infrastructure Climate Change Sectoral Adaptation
Plan. Dublin.


https://a4ws.org/the-aws-standard-2-0/
https://a4ws.org/the-aws-standard-2-0/
https://climate.copernicus.eu/operational-service-water-sector
https://climate.copernicus.eu/operational-service-water-sector
https://climate.copernicus.eu/pluvial-flood-risk-assessment-urban-areas
https://climate.copernicus.eu/pluvial-flood-risk-assessment-urban-areas
https://www.cdp.net/en/investor/water-watch-cdp-water-impact-index
https://www.cdp.net/en/investor/water-watch-cdp-water-impact-index
https://www.cdsb.net/water
https://www.cdsb.net/water
https://www.cedefop.europa.eu/files/4206_en.pdf
https://www.cedefop.europa.eu/files/4206_en.pdf
https://www.cedefop.europa.eu/files/4201_en.pdf
https://www.cedefop.europa.eu/files/4201_en.pdf
http://www.cma.gov.cn/en2014/news/News/202208/t20220821_5045788.html
http://www.cma.gov.cn/en2014/news/News/202208/t20220821_5045788.html
https://enterprise.gov.ie/en/publications/publication-files/irelands-industry-4-strategy-2020-2025.pdf
https://enterprise.gov.ie/en/publications/publication-files/irelands-industry-4-strategy-2020-2025.pdf
https://enterprise.gov.ie/en/publications/publication-files/irelands-industry-4-strategy-2020-2025.pdf

C. Gaskin et al. (2019-W-LS-21)

DWD, 2022. The Weather in Germany — Summer
2022. Available online: https://www.dwd.de/
EN/press/press_release/EN/2022/20220830_
the_weather_in_germany_in_summer_2022.
pdf?__blob=publicationFile&v=2 (accessed 16 March
2023).

Dwr Uisce, 2019. The waste water heat recovery system
at ABP Foods is delivered. Available online: https://
www.dwr-uisce.eu/news/2019/10/30/the-waste-water-
heat-recovery-system-at-abp-foods-is-delivered
(accessed 11 November 2022).

EC (European Commission), 2018. Digital Single Market
for Water Services Action Plan. Directorate-General of
Communications Networks, Content and Technology,
Brussels. Available online: https://ec.europa.eu/
futurium/en/system/files/ged/ict4wateractionplan2018.
pdf (accessed 16 March 2023).

EC (European Commission), 2020a. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions “A New
Industrial Strategy for Europe”. COM(2020) 102 final,
10.3.2020, Brussels.

EC (European Commission), 2020b. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions “A new
Circular Economy Action Plan: For a Cleaner and More
Competitive Europe”. COM(2020) 98 final, 11.3.2020,
Brussels.

EC (European Commission), 2020c. EU Biodiversity
Strategy for 2030. Brussels.

EC (European Commission), 2020d. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions “A
Hydrogen Strategy for a Climate-neutral Europe”.
COM(2020) 301 final, 8.7.2020, Brussels.

EC (European Commission), 2020e. Sustainable and
Smart Mobility Strategy — Putting European Transport
on Track for the Future. Brussels. Available online:
https://transport.ec.europa.eu/system/files/2021-
04/2021-mobility-strategy-and-action-plan.pdf
(accessed 16 March 2023).

EC (European Commission), 2020f. Chemicals Strategy
for Sustainability Towards a Toxic-Free Environment.
Brussels.

EC (European Commission), 2020g. A Farm to Fork
Strategy for a Fair, Healthy and Environmentally-
friendly Food System. Brussels. Available online:
https://food.ec.europa.eu/horizontal-topics/farm-fork-
strategy_en (accessed 16 March 2023).

37

EC (European Commission), 2020h. Research &
Innovation Projects relevant to Water Research: Calls
2014-2019 — Horizon 2020. Directorate-General
for Research and Innovation Directorate. Available
online: http://www.waterjpi.eu/resources/newsletter/
copy_of_2019/article-1-research_and_innovation_
water_projects_2014-2019-3.pdf (accessed 14 March
2023).

EC (European Commission), 2021a. Forging a Climate-
resilient Europe — the New EU Strategy on Adaptation
to Climate Change. Brussels.

EC (European Commission), 2021b. Commission
Staff Working Document “Digital Solutions for
Zero Pollution” accompanying the document
Communication from the Commission to the European
Parliament, the Council, the European Economic and
Social Committee and the Committee of the Regions
“Pathway to a Healthy Planet for All - EU Action
Plan: ‘Towards Zero Pollution for Air, Water and Soil™.
SWD(2021) 140 final, 12.5.21, Brussels.

EC (European Commission), 2021c. Business Models for
Digital Water Solutions: A Study on the Development
of Business Models of Digital Solutions Related to
ICT4Water Cluster Projects. Executive Agency for
Small and Medium-sized Enterprises, Brussels.

EC (European Commission), 2021d. The Need for
Digital Water in a Green Europe: EU H2020 Projects’
Contribution to the Implementation and Strengthening
of EU Environmental Policy. Executive Agency for
Small and Medium-sized Enterprises, Brussels.

EC (European Commission), 2021e. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions
“Pathway to a Healthy Planet for All — EU Action
Plan: ‘Towards Zero Pollution for Air, Water and Soil”.
COM(2021) 400 final, 12.5.2021, Brussels.

EC (European Commission), 2021f. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions “Fit for
55’: delivering the EU’s 2030 climate target on the way
to climate neutrality”. COM(2021) 550 final 14.7.2021,
Brussels.

EC (European Commission), 2021g. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions “New
EU Forest Strategy for 2030”. COM(2021) 572 final,
16.7.2021, Brussels.


https://www.dwd.de/EN/press/press_release/EN/2022/20220830_the_weather_in_germany_in_summer_2022.pdf?__blob=publicationFile&v=2
https://www.dwd.de/EN/press/press_release/EN/2022/20220830_the_weather_in_germany_in_summer_2022.pdf?__blob=publicationFile&v=2
https://www.dwd.de/EN/press/press_release/EN/2022/20220830_the_weather_in_germany_in_summer_2022.pdf?__blob=publicationFile&v=2
https://www.dwd.de/EN/press/press_release/EN/2022/20220830_the_weather_in_germany_in_summer_2022.pdf?__blob=publicationFile&v=2
https://www.dwr-uisce.eu/news/2019/10/30/the-waste-water-heat-recovery-system-at-abp-foods-is-delivered
https://www.dwr-uisce.eu/news/2019/10/30/the-waste-water-heat-recovery-system-at-abp-foods-is-delivered
https://www.dwr-uisce.eu/news/2019/10/30/the-waste-water-heat-recovery-system-at-abp-foods-is-delivered
https://ec.europa.eu/futurium/en/system/files/ged/ict4wateractionplan2018.pdf
https://ec.europa.eu/futurium/en/system/files/ged/ict4wateractionplan2018.pdf
https://ec.europa.eu/futurium/en/system/files/ged/ict4wateractionplan2018.pdf
https://transport.ec.europa.eu/system/files/2021-04/2021-mobility-strategy-and-action-plan.pdf
https://transport.ec.europa.eu/system/files/2021-04/2021-mobility-strategy-and-action-plan.pdf
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en
http://www.waterjpi.eu/resources/newsletter/copy_of_2019/article-1-research_and_innovation_water_projects_2014-2019-3.pdf
http://www.waterjpi.eu/resources/newsletter/copy_of_2019/article-1-research_and_innovation_water_projects_2014-2019-3.pdf
http://www.waterjpi.eu/resources/newsletter/copy_of_2019/article-1-research_and_innovation_water_projects_2014-2019-3.pdf

A Framework for Catchment-based Digitally Integrated Industrial Water Stewardship

EC (European Commission), 2021h. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions “EU Soil
Strategy for 2030: reaping the benefits of healthy soils
for people, food, nature and climate”. COM(2021) 699
final, 17.11.2021, Brussels.

EC (European Commission), 2022a. Proposal for a
Directive of the European Parliament and of the
Council concerning urban wastewater treatment
(recast). COM(2022) 541 final, 26.10.2022, Brussels.

EC (European Commission), 2022b. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions
“‘REPowerEU Plan”. COM(2022) 230 final, 18.5.2022,
Brussels.

EC (European Commission), 2022c. Communication
from the Commission to the European Parliament,
the Council, the European Economic and Social
Committee and the Committee of the Regions “EU
Strategy for Sustainable and Circular Textiles”.
COM(2022) 141 final, 30.3.2022, Brussels.

EC (European Commission), 2022d. Proposal for a
Regulation of the European Parliament and of the
Council on nature restoration. COM(2022) 304 final,
22.6.2022, Brussels.

ECRA (European Climate Research Alliance), 2018.
Changes in the hydrological cycle. Available
online: http://www.ecra-climate.eu/index.php/
about-us/11-cllaborative-programmes/19-changes-in-
the-hydrological-cycle (accessed 11 October 2022).

EEA (European Environment Agency), 2021. Water
Resources Across Europe — Confronting Water Stress:
An Updated Assessment. EEA Report No 12/2021.
Publications Office of the European Union,
Luxembourg.

EEA (European Environment Agency), 2022a. Economic
losses and fatalities from weather- and climate-related
events in Europe. Briefing No 21/2021. Available
online: https://www.eea.europa.eu/publications/
economic-losses-and-fatalities-from/economic-losses-
and-fatalities-from (accessed 11 November 2022).

EEA (European Environment Agency), 2022b. Water
scarcity conditions in Europe (water exploitation index
plus). Available online: https://www.eea.europa.eu/ims/
use-of-freshwater-resources-in-europe-1 (accessed
11 November 2022).

EPA (Environmental Protection Agency), 2021a. Ireland’s
National Inventory Report 2021. EPA, Johnstown
Castle, Ireland.

38

EPA (Environmental Protection Agency), 2021b. Ireland’s
National Water Framework Directive Monitoring
Programme 2019-2021. EPA, Johnstown Castle,
Ireland.

EPA (Environmental Protection Agency), 2022a. Water
Quality in Ireland 2016-2021. EPA, Johnstown Castle,
Ireland.

EPA (Environmental Protection Agency), 2022b. Welcome
to EPA geoportal site. Available online: https://gis.epa.
ie/ (accessed 30 November 2022).

EPA (Environmental Protection Agency), 2022c. National
Hydrometric Monitoring Programme 2022—-2027. EPA,
Johnstown Castle, Ireland.

ESB (Electricity Supply Board), 2022. In partnership
with ABP Food Group: helping the UK’s largest beef
processor serve more, for less. Available online:
https://www.esbenergy.co.uk/business-solutions/
success-stories/abp-food-group (accessed
17 November 2022).

EU (European Union), 1986. Council Directive 86/278/
EEC of 12 June 1986 on the protection of the
environment, and in particular of the soil, when
sewage sludge is used in agriculture. OJ L 181,
4.7.1986, p. 6-12.

EU (European Union), 1991. Council Directive 91/676/
EEC of 12 December 1991 concerning the protection
of waters against pollution caused by nitrates from
agricultural sources. OJ L 375, 31.12.1991, p. 1-8.

EU (European Union), 1992. Council Directive 92/43/
EEC of 21 May 1992 on the conservation of natural
habitats and of wild fauna and flora. OJ L 206,
22.7.1992, p. 7-50.

EU (European Union), 1998. Commission Directive 98/15/
EC of 27 February 1998 amending Council Directive
91/271/EEC with respect to certain requirements
established in Annex | thereof (Text with EEA
relevance). OJ L 067, 7.3.1998, p. 29-30.

EU (European Union), 2000. Directive 2000/60/EC
of the European Parliament and of the Council
of 23 October 2000 establishing a framework for
Community action in the field of water policy. OJ L 327,
22.12.2000, p. 1-73.

EU (European Union), 2006. Directive 2006/7/EC of
the European Parliament and of the Council of
15 February 2006 concerning the management
of bathing water quality and repealing Directive
76/160/EEC. OJ L 64, 4.3.2006, p. 37-51.

EU (European Union), 2007. Directive 2007/60/EC of the
European Parliament and of the Council of 23 October
2007 on the assessment and management of flood
risks. OJ L 288, 6.11.2007, p. 27-34.


http://www.ecra-climate.eu/index.php/about-us/11-cllaborative-programmes/19-changes-in-the-hydrological-cycle
http://www.ecra-climate.eu/index.php/about-us/11-cllaborative-programmes/19-changes-in-the-hydrological-cycle
http://www.ecra-climate.eu/index.php/about-us/11-cllaborative-programmes/19-changes-in-the-hydrological-cycle
https://www.eea.europa.eu/publications/economic-losses-and-fatalities-from/economic-losses-and-fatalities-from
https://www.eea.europa.eu/publications/economic-losses-and-fatalities-from/economic-losses-and-fatalities-from
https://www.eea.europa.eu/publications/economic-losses-and-fatalities-from/economic-losses-and-fatalities-from
https://www.eea.europa.eu/ims/use-of-freshwater-resources-in-europe-1
https://www.eea.europa.eu/ims/use-of-freshwater-resources-in-europe-1
https://gis.epa.ie/
https://gis.epa.ie/
https://www.esbenergy.co.uk/business-solutions/success-stories/abp-food-group
https://www.esbenergy.co.uk/business-solutions/success-stories/abp-food-group

C. Gaskin et al. (2019-W-LS-21)

EU (European Union), 2008a. Directive 2008/105/EC
of the European Parliament and of the Council of
16 December 2008 on environmental quality standards
in the field of water policy, amending and subsequently
repealing Council Directives 82/176/EEC, 83/513/EEC,
84/156/EEC, 84/491/EEC, 86/280/EEC and amending
Directive 2000/60/EC of the European Parliament and
of the Council. OJ L 348, 24.12.2008, p. 84-97.

EU (European Union), 2008b. Directive 2008/56/EC
of the European Parliament and of the Council of
17 June 2008 establishing a framework for community
action in the field of marine environmental policy
(Marine Strategy Framework Directive) (Text with EEA
relevance). OJ L 164, 25.6.2008, p. 19-40.

EU (European Union), 2009a. Directive 2009/128/EC
of the European Parliament and of the Council
of 21 October 2009 establishing a framework for
Community action to achieve the sustainable use of
pesticides. OJ L 309, 24.11.2009, p. 71.

EU (European Union), 2009b. Directive 2009/147/EC
of the European Parliament and of the Council of
30 November 2009 on the conservation of wild birds.
OJ L 20, 26.1.2010, p. 7-25.

EU (European Union), 2010. Directive 2010/75/EU
of the European Parliament and of the Council of
24 November 2010 on industrial emissions (integrated
pollution prevention and control) (recast). OJ L 334,
17.12.2010, p. 17-119.

EU (European Union), 2014. Commission Directive
2014/80/EU of 20 June 2014 amending Annex Il to
Directive 2006/118/EC of the European Parliament
and of the Council on the protection of groundwater
against pollution and deterioration. OJ L 182,
21.6.2014, p. 52-55.

EU (European Union), 2018. A Sustainable Bioeconomy
for Europe — Strengthening the Connection Between
Economy, Society and the Environment: Updated
Bioeconomy Strategy. Publications Office of the
European Union, Luxembourg.

EU (European Union), 2019a. Political Guidelines for the
Next European Commission 2019-2024. Publications
Office of the European Union, Luxembourg.

EU (European Union), 2019b. Commission Implementing
Decision (EU) 2019/1741 of 23 September 2019
establishing the format and frequency of data to be
made available by the Member States for the purposes
of reporting under Regulation (EC) No 166/2006
of the European Parliament and of the Council
concerning the establishment of a European Pollutant
Release and Transfer Register and amending
Council Directives 91/689/EEC and 96/61/EC
(notified under document C(2019) 6745). OJ L 267,
21.10.2019, p. 3-8.

39

EU (European Union), 2020a. Directive (EU) 2020/2184
of the European Parliament and of the Council
of 16 December 2020 on the quality of water
intended for human consumption (recast). OJ L 435,
23.12.2020, p. 1-62.

EU (European Union), 2020b. Regulation (EU) 2020/741
of the European Parliament and of the Council of
25 May 2020 on minimum requirements for water
reuse. OJ L 177, 5.6.2020, p. 32-55.

EU (European Union), 2022a. Directive (EU) 2022/2464
of the European Parliament and of the Council of
14 December 2022 amending Regulation (EU)
No 537/2014, Directive 2004/109/EC, Directive
2006/43/EC and Directive 2013/34/EU, as regards
corporate sustainability reporting (Text with EEA
relevance). OJ L 322, 16.12.2022, p. 15-80

EU (European Union), 2022b. Decision (EU) 2022/591 of
the European Parliament and of the Council of 6 April
2022 on a General EU Environment Action Programme
to 2030. OJ L 114/22, 12.3.2022, p. 22-36.

European Parliament, 2022. Legislative Train Schedule:
Strategy for a Sustainable Built Environment. Available
online: https://www.europarl.europa.eu/legislative-train/
theme-a-european-green-deal/file-strategy-for-a-
sustainable-built-environment (accessed 11 November
2022).

Evoqua, 2022. Anaerobic technology eliminates odor
issues. Available online: https://www.evoqua.com/
en/case-studies/dairygold-ireland-dairy-bvfreactor/
(accessed 17 November 2022).

EWS (European Water Stewardship), 2012. European
Water Stewardship Standard. Leeuwarden, the
Netherlands.

Forbes, 2020. Top 10 digital transformation trends
for 2021. Available online: https://www.forbes.
com/sites/danielnewman/2020/09/21/top-10-
digital-transformation-trends-for-2021/ (accessed
17 November 2022).

FSB (Financial Stability Board), 2022. Task Force on
Climate-related Financial Disclosures. Available online:
https://www.fsb-tcfd.org/ (accessed 4 February 2022).

FT (Financial Times), 2022. “It's the fault of climate
change”: Pakistan seeks “justice” after floods.
Available online: https://www.ft.com/content/
e69ece7d-11fb-4a8f-91ea-35b98d4b54db (accessed
11 November 2022).

GE, 2016. GE expands its digital water capabilities with
the launch of new software solutions and announces
key partnerships. Available online: https://www.
ge.com/news/press-releases/ge-expands-its-digital-
water-capabilities-launch-new-software-solutions-and
(accessed 17 November 2022).


https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-strategy-for-a-sustainable-built-environment
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-strategy-for-a-sustainable-built-environment
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-strategy-for-a-sustainable-built-environment
https://www.evoqua.com/en/case-studies/dairygold-ireland-dairy-bvfreactor/
https://www.evoqua.com/en/case-studies/dairygold-ireland-dairy-bvfreactor/
https://www.forbes.com/sites/danielnewman/2020/09/21/top-10-digital-transformation-trends-for-2021/
https://www.forbes.com/sites/danielnewman/2020/09/21/top-10-digital-transformation-trends-for-2021/
https://www.forbes.com/sites/danielnewman/2020/09/21/top-10-digital-transformation-trends-for-2021/
https://www.fsb-tcfd.org/
https://www.ft.com/content/e69ece7d-11fb-4a8f-91ea-35b98d4b54db
https://www.ft.com/content/e69ece7d-11fb-4a8f-91ea-35b98d4b54db
https://www.ge.com/news/press-releases/ge-expands-its-digital-water-capabilities-launch-new-software-solutions-and
https://www.ge.com/news/press-releases/ge-expands-its-digital-water-capabilities-launch-new-software-solutions-and
https://www.ge.com/news/press-releases/ge-expands-its-digital-water-capabilities-launch-new-software-solutions-and

A Framework for Catchment-based Digitally Integrated Industrial Water Stewardship

GEMI (Global Environmental Management Initiative),
2003. Water management risk assessment
questionnaire. Available online: http://waterplanner.
gemi.org/module2.asp (accessed 4 February 2022).

GlZ (Deutsche Gesellschaft fir internationale
Zusammenarbeit), 2019. International water
stewardship programme: ensuring water security
through joint action. Available online: https://www.giz.
de/en/worldwide/27890.html (accessed 17 January
2022).

Government of Ireland, 2018. Project Ireland
2040. Available online: https://www.gov.ie/en/
campaigns/09022006-project-ireland-2040/#
(accessed 11 November 2022).

Government of Ireland, 2019a. Future Jobs Ireland
2019. Available online: https://enterprise.gov.ie/en/
publications/publication-files/future-jobs-ireland-2019.
pdf (accessed 11 November 2022).

Government of Ireland, 2019b. Project Ireland 2040:
National Planning Framework. Department of Housing,
Local Government and Heritage and Department of
Public Expenditure and Reform, Dublin.

Government of Ireland, 2021. National Development Plan
2021-2030. Department of Public Expenditure and
Reform, Dublin.

GWP (German Water Partnership), 2018. Water 4.0 —
Made in Germany. Available online: https://
germanwaterpartnership.de/en/water-4-0-2/ (accessed
17 November 2022).

Hammond Antwi, S., Linnane, S., Getty, D. and
Rolston, A., 2021. Communicating Water Availability to
Improve Awareness and the Implementation of Water
Conservation Measures in the Republic of Ireland.
An Féram Uisce (The Water Forum), Ireland.

ICT4Water, 2022. ICT4Water Action Plan. Available
online: https://ict4water.eu/ (accessed 27 March 2023).

IMR, 2022. Industry 4.0. Available online: https://imr.ie/
what-we-do/industry-4-0/ (accessed 15 November
2022).

IPCC (Intergovernmental Panel on Climate Change),
2022. Climate Change 2022: Impacts, Adaptation and
Vulnerability. H.-O. Pértner, D.C. Roberts, M. Tignor, E.S.
Poloczanska, K. Mintenbeck, A. Alegria, M. Craig,

S. Langsdorf, S. Léschke, V. Méller, A. Okem, B. Rama
(eds), Contribution of Working Group Il to the IPCC
Sixth Assessment Report. Cambridge University
Press, Cambridge, UK, and New York, NY.

Irish Water, 2015. Water Services Strategic Plan. Dublin.

Irish Water, 2016. National Wastewater Sludge
Management Plan. Irish Water, Dublin.

Irish Water, 2021a. The National Water Resources Plan —
Framework Plan. Irish Water, Dublin.

Irish Water, 2021b. Water Stewardship Programme.
Available online: https://www.water.ie/conservation/
business/water-stewardship/water-stewardship-
training-programme/ (accessed 17 January 2022).

Irish Water, 2022. People in Clonakilty asked to take
some simple steps to conserve water over the summer
months. Available online: https://www.water.ie/news/
people-in-clonakilty-aske/ (accessed 11 November
2022).

i-SCOOP, 2020. Industry 4.0 and the fourth industrial
revolution explained. Available online: https://www.
i-scoop.eu/industry-4-0/ (accessed 17 November
2022).

IWA (International Water Association), 2022. A Strategic
Digital Transformation for the Water Industry.
International Water Association, London.

IWaSP, 2019. International Water Stewardship
Programme Annual Report 2018/2019. Deutsche
Gesellschaft fur internationale Zusammenarbeit (GI1Z),
Eschborn, Germany.

Korge, A., 2019. Arbeitswelt 4.0: Warum wir das Mensch-
Maschine-Verhaltnis neu denken missen. Fraunhofer
IAO. Available online: https://blog.iao.fraunhofer.de/
arbeitswelt-4—0-warum-wir-das-mensch-maschine-
verhaeltnis-neu-denken-muessen/ (accessed
16 August 2021).

Larsen, C., Seppala, O., Breen, T. and Dalhielm P., 2022.
The Road Towards a Nordic Climate Neutral Water
Sector. Collaborative report by DANVA (Danish
Water and Wastewater Association), FIWA (Finnish
Water Utilities Association), Norsk Vann (Norwegian
Water), Svenskt Vatten (Swedish Water) and
Wastewater Association. Available online: https://www.
danva.dk/media/8868/14-09-2022-the-road-towards-
a-nordic-climate-neutral-water-sector.pdf (accessed
16 March 2023).

Li, L., Wang, X., Miao, J., Abulimiti A. and Jing, X.,
2022. Carbon neutrality of wastewater treatment — a
systematic concept beyond the plant boundary.
Environmental Science and Ecotechnology 11:
100180.

LinkedlIn, 2022. Global Green Skills Report 2022.
Available online: https://economicgraph.linkedin.com/
en-us/research/global-green-skills-report (accessed
16 March 2023).


http://waterplanner.gemi.org/module2.asp
http://waterplanner.gemi.org/module2.asp
https://www.giz.de/en/worldwide/27890.html
https://www.giz.de/en/worldwide/27890.html
https://www.gov.ie/en/campaigns/09022006-project-ireland-2040/#
https://www.gov.ie/en/campaigns/09022006-project-ireland-2040/#
https://enterprise.gov.ie/en/publications/publication-files/future-jobs-ireland-2019.pdf
https://enterprise.gov.ie/en/publications/publication-files/future-jobs-ireland-2019.pdf
https://enterprise.gov.ie/en/publications/publication-files/future-jobs-ireland-2019.pdf
https://germanwaterpartnership.de/en/water-4–0–2/
https://germanwaterpartnership.de/en/water-4–0–2/
https://ict4water.eu/
https://imr.ie/what-we-do/industry-4-0/
https://imr.ie/what-we-do/industry-4-0/
https://www.water.ie/conservation/business/water-stewardship/water-stewardship-training-programme/
https://www.water.ie/conservation/business/water-stewardship/water-stewardship-training-programme/
https://www.water.ie/conservation/business/water-stewardship/water-stewardship-training-programme/
https://www.water.ie/news/people-in-clonakilty-aske/
https://www.water.ie/news/people-in-clonakilty-aske/
https://www.i-scoop.eu/industry-4-0/
https://www.i-scoop.eu/industry-4-0/
https://blog.iao.fraunhofer.de/arbeitswelt-4–0-warum-wir-das-mensch-maschine-verhaeltnis-neu-denken-muessen/
https://blog.iao.fraunhofer.de/arbeitswelt-4–0-warum-wir-das-mensch-maschine-verhaeltnis-neu-denken-muessen/
https://blog.iao.fraunhofer.de/arbeitswelt-4–0-warum-wir-das-mensch-maschine-verhaeltnis-neu-denken-muessen/
https://www.danva.dk/media/8868/14-09-2022-the-road-towards-a-nordic-climate-neutral-water-sector.pdf
https://www.danva.dk/media/8868/14-09-2022-the-road-towards-a-nordic-climate-neutral-water-sector.pdf
https://www.danva.dk/media/8868/14-09-2022-the-road-towards-a-nordic-climate-neutral-water-sector.pdf
https://economicgraph.linkedin.com/en-us/research/global-green-skills-report
https://economicgraph.linkedin.com/en-us/research/global-green-skills-report

C. Gaskin et al. (2019-W-LS-21)

Malhotra, M., Thirumaran, K., Garcia, S. Armstrong, K.O.
and Nimbalkar, S., 2021. Plant Water Profiler: A
Water Balance and True Cost of Water Calculator for
Manufacturing Plants. Oak Ridge National Laboratory,
Oakridge, TN. Available online: https://info.ornl.gov/
sites/publications/Files/Pub153151.pdf (accessed
24 March 2023).

McKinsey, 2021. The new digital edge: rethinking strategy
for the postpandemic era. Available online: https://
www.mckinsey.com/capabilities/mckinsey-digital/
our-insights/the-new-digital-edge-rethinking-strategy-
for-the-postpandemic-era (available 17 November
2022).

Météo France, 2022. 2022: Climate Assessments.
Available online: https://meteofrance.fr/actualite/
publications/2022-les-bilans-climatiques (accessed
11 November 2022).

Microsoft, 2022. Closing the Sustainability Skills Gap:
Helping Businesses Move from Pledges to Progress.
Available online: https://query.prod.cms.rt.microsoft.
com/cms/api/am/binary/RE5SbhuF (accessed 7 March
2023).

Ministry for Foreign Affairs of Finland, 2020.
Water Stewardship Commitment. Available
online: https://sustainabledevelopment.un.org/
partnership/?p=30993#:~:text=The%20Finnish%
20water%20stewardship%20commitment%20
challenges%20companies%20to%20assess %20
water,sustainable%20water%20use%20and%
20governance (accessed 17 January 2022).

Morgan Stanley, 2019. The top industries imperiled
by water scarcity. Available online: https://www.
morganstanley.com/ideas/the-worlds-water-crisis-and-
industries-at-risk (accessed 11 August 2021).

Mubarak, M.F. and Petraite, M., 2020. Industry 4.0
technologies, digital trust and technological orientation:
What matters in open innovation? Technological
Forecasting and Social Change 161: 120332.

NatuReS, 2020. NatuReS’ vision: preserving natural
resources. Available online: https://nature-stewardship.
org/who-we-are/#Building%20on (accessed
17 January 2022).

New York Times, 2022. Nordic neighbours attack
Norway’s “selfish” plan to curb electricity exports.
Available online: https://www.ft.com/content/7a287504-
b559-4d8b-832e-9b6c47fbalaa (accessed
11 November 2022).

NOAA (National Oceanic and Atmospheric
Administration), 2022. National Integrated Drought
Information System: by sector — manufacturing.
Available online: https://www.drought.gov/sectors/
manufacturing#map (accessed 11 November 2022).

41

NTMA (National Treasury Management Agency), 2022.
Climate Action Plan 2021 Action 55: Framework for
the Commercial Semi State Sector to Address Climate
Action Objectives. NTMA, Dublin.

O’Flaherty, V., Collins, G., Hughes, D. and Mahony, T,
2016. Ambigas: Technical Progress; Market Research
& Commercialisation Activities. SEAI Project
RDD/00104 Project Report, prepared for Sustainable
Energy Authority of Ireland.

OPW (Office of Public Works), 2018. Public consultation
on the draft food risk management plans. OPW, Trim,
Ireland.

OPW (Office of Public Works), 2019. Flood Risk
Management Climate Change Sectoral Adaptation
Plan. OPW, Trim, Ireland.

OPW (Office of Public Works), 2023. Welcome to
FloodInfo.ie. Available online: https://www.floodinfo.ie/
(accessed 27 March 2023).

PwC (PricewaterhouseCoopers GmbH), 2018. Digitisation:
A Quantitative and Qualitative Market Research
Elicitation. Examining German Digitisation Needs,
Fears and Expectations. Available online: https://
www.pwc.de/de/digitale-transformation/pwc-studie-
digitalisierung-in-deutschland.pdf (accessed 24 March
2023).

PwC (PricewaterhouseCoopers GmbH), 2022.
Sustainability reporting news is real progress, but
focus on alignment needed. Available online: https://
www.pwc.com/gx/en/services/audit-assurance/
corporate-reporting/alignment-needed.html (accessed
30 September 2022).

Rani, A., Snyder, S.W., Kim, H., Lei, Z. and Pan, S., 2022.
Pathways to a net-zero-carbon water sector through
energy extracting wastewater technologies. npj Clean
Water 5(49): 1-17.

Reuters, 2022a. Temperatures rise as France tackles
its worst drought on record. Available online: https://
www.reuters.com/world/europe/temperatures-rise-
france-tackles-its-worst-drought-record-2022-08-07/
(accessed 11 October 2022).

Reuters, 2022b. Shipping disruption continues as Rhine
water levels fall again in Germany. Available online:
https://www.reuters.com/markets/commodities/
shipping-disruption-continues-rhine-water-levels-fall-
again-germany-2022-08-12/ (accessed 11 October
2022).

Roland Berger, 2014. Industry 4.0: The New Industrial
Revolution — How Europe Will Succeed. Roland
Berger Strategy Consultants GmbH, Munich, Germany.

Sanghavi., D, Parikh, S. and Raj, S.A., 2019.
Industry 4.0: tools and implementation. Management
and Production Engineering Review 10(3): 3—-13.


https://info.ornl.gov/sites/publications/Files/Pub153151.pdf
https://info.ornl.gov/sites/publications/Files/Pub153151.pdf
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-new-digital-edge-rethinking-strategy-for-the-postpandemic-era
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-new-digital-edge-rethinking-strategy-for-the-postpandemic-era
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-new-digital-edge-rethinking-strategy-for-the-postpandemic-era
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-new-digital-edge-rethinking-strategy-for-the-postpandemic-era
https://meteofrance.fr/actualite/publications/2022-les-bilans-climatiques
https://meteofrance.fr/actualite/publications/2022-les-bilans-climatiques
https://query.prod.cms.rt.microsoft.com/cms/api/am/binary/RE5bhuF
https://query.prod.cms.rt.microsoft.com/cms/api/am/binary/RE5bhuF
https://sustainabledevelopment.un.org/partnership/?p=30993#:~:text=The%20Finnish%20water%20stewardship%20commitment%20challenges%20companies%20to%20assess%20water,sustainable%20water%20use%20and%20governance
https://sustainabledevelopment.un.org/partnership/?p=30993#:~:text=The%20Finnish%20water%20stewardship%20commitment%20challenges%20companies%20to%20assess%20water,sustainable%20water%20use%20and%20governance
https://sustainabledevelopment.un.org/partnership/?p=30993#:~:text=The%20Finnish%20water%20stewardship%20commitment%20challenges%20companies%20to%20assess%20water,sustainable%20water%20use%20and%20governance
https://sustainabledevelopment.un.org/partnership/?p=30993#:~:text=The%20Finnish%20water%20stewardship%20commitment%20challenges%20companies%20to%20assess%20water,sustainable%20water%20use%20and%20governance
https://sustainabledevelopment.un.org/partnership/?p=30993#:~:text=The%20Finnish%20water%20stewardship%20commitment%20challenges%20companies%20to%20assess%20water,sustainable%20water%20use%20and%20governance
https://sustainabledevelopment.un.org/partnership/?p=30993#:~:text=The%20Finnish%20water%20stewardship%20commitment%20challenges%20companies%20to%20assess%20water,sustainable%20water%20use%20and%20governance
https://www.morganstanley.com/ideas/the-worlds-water-crisis-and-industries-at-risk
https://www.morganstanley.com/ideas/the-worlds-water-crisis-and-industries-at-risk
https://www.morganstanley.com/ideas/the-worlds-water-crisis-and-industries-at-risk
https://nature-stewardship.org/who-we-are/#Building%20on
https://nature-stewardship.org/who-we-are/#Building%20on
https://www.ft.com/content/7a287504-b559-4d8b-832e-9b6c47fba0aa
https://www.ft.com/content/7a287504-b559-4d8b-832e-9b6c47fba0aa
https://www.drought.gov/sectors/manufacturing#map
https://www.drought.gov/sectors/manufacturing#map
https://www.floodinfo.ie/
https://www.pwc.de/de/digitale-transformation/pwc-studie-digitalisierung-in-deutschland.pdf
https://www.pwc.de/de/digitale-transformation/pwc-studie-digitalisierung-in-deutschland.pdf
https://www.pwc.de/de/digitale-transformation/pwc-studie-digitalisierung-in-deutschland.pdf
https://www.pwc.com/gx/en/services/audit-assurance/corporate-reporting/alignment-needed.html
https://www.pwc.com/gx/en/services/audit-assurance/corporate-reporting/alignment-needed.html
https://www.pwc.com/gx/en/services/audit-assurance/corporate-reporting/alignment-needed.html
https://www.reuters.com/world/europe/temperatures-rise-france-tackles-its-worst-drought-record-2022-08-07/
https://www.reuters.com/world/europe/temperatures-rise-france-tackles-its-worst-drought-record-2022-08-07/
https://www.reuters.com/world/europe/temperatures-rise-france-tackles-its-worst-drought-record-2022-08-07/
alex
Sticky Note
Accepted set by alex


A Framework for Catchment-based Digitally Integrated Industrial Water Stewardship

SBTi (Science Based Targets Initiative), 2022.
Measurement, reporting and verification (MRV).
Available online: https://sciencebasedtargets.org/
measurement-reporting-and-verification-mrv (accessed
15 November 2022).

SEAI, 2017. Life-cycle assessment, distribution system
optimisation & mobile pilot demonstration of NVP
energy Lt-AD technology. Sustainable Energy Authority
of Ireland, Dublin.

SEAI, 2022. Organisational-level energy data. Available
online: https://psmr.seai.ie/Public (accessed
14 September 2022).

Stockil, K., Keely, N., Valle, M. and Merritt, S., 2018. A
National Roadmap for Water Stewardship in Industry
and Agriculture in Ireland. Environmental Protection
Agency, Johnstown Castle, Ireland.

Szewczyk, W., Feyen, L., Matei, N., Ciscar Martinez, J.,
Mulholland, E. and Soria Ramirez, A., 2020. Economic
Analysis of Selected Climate Impacts. JRC Technical
Report, JRC120452. Publications Office of the
European Union, Luxembourg.

The Water Forum, 2022. Water Forum Response to
Irish Water’s Water Conservation Order in South
Cork. Available online: https://thewaterforum.ie/app/
uploads/2022/09/2022-08-30-Water-Forum-Press-
Release-response-to-IW-Water-Conservation-Order-in-
Cork.pdf (accessed 16 March 2023).

TNO, 2021. Pathways to Industrial Decarbonisation
in the Netherlands: Paper & Board and Steam
Cracking. Nederlandse Organisatie voor Toegepast
Natuurwetenschappelijk Onderzoek, The Hague.

Toreti, A., Bavera, D., Acosta Navarro, J.,
Cammalleri, C., de Jager, A., Di Ciollo, C., Hrast
Essenfelder, A., Maetens, W., Magni, D., Masante, D.,
Mazzeschi, M., Niemeyer, S. and Spinoni, J., 2022.
Drought in Europe — August 2022. GDO Analytical
Report, JRC130493. Publications Office of the
European Union, Luxembourg.

Trubetskaya, A., Horan, W., Conheady, P., Stockil, K.,
Merritt, S. and Moore, S., 2021a. A methodology
for assessing and monitoring risk in the industrial
wastewater sector. Water Resources and Industry 25:
100146.

Trubetskaya, A., Horan, W., Conheady, P., Stockil, K. and
Moore, S., 2021b. A methodology for industrial water
footprint assessment using energy—water—carbon
nexus. Processes 9: 393.

UKWIR (UK Water Industry Research), 2022a. Carbon
Accounting in the UK Water Industry: Methodology for
Estimating Operational Emissions. UKWIR, London.

42

UKWIR (UK Water Industry Research), 2022b.
Calculating Whole Life/Totex Carbon. UKWIR, London.

UNESCO, 2021. The United Nations World Water
Development Report 2021: Valuing Water. UNESCO,
Paris. Available online: https://unesdoc.unesco.org/
ark:/48223/pf0000375724 (accessed 24 March 2023).

UN Global Compact, 2019. Six commitment areas.
Available online: https://ceowatermandate.org/about/
six-commitment-areas/ (accessed 17 January 2022).

UNIDO (United Nations Industrial Development
Organization), 2022. Water stewardship.
Available online: https://www.unido.org/our-focus/
safeguarding-environment/resource-efficient-and-low-
carbon-industrial-production/industry-and-adaptation/
water-stewardship (accessed 15 November 2022).

US EPA (United States Environmental Protection
Agency), 2010. Greenhouse Gas Emissions
Estimation Methodologies for Biogenic Emissions from
Selected Source Categories: Solid Waste Disposal
Wastewater Treatment Ethanol Fermentation. US
EPA, Washington, DC. Available online: https://www.
epa.gov/air-emissions-factors-and-quantification/
greenhouse-gas-emissions-estimation-methodologies-
biogenic (accessed 16 March 2023).

US EPA (United States Environmental Protection
Agency), 2011. Lean & Water Toolkit: preface.
Available online: https://www.epa.gov/sustainability/
lean-water-toolkit-preface (accessed 6 March 2023).

Walsh, B.P., Bruton, K. and O’Sullivan, D.T.J., 2017. The
true value of water: a case-study in manufacturing
process water-management. Journal of Cleaner
Production 141: 551-567. https://doi.org/10.1016/
j.jclepro.2016.09.106

Water Europe, 2021. Digitalisation and Water: Start with
Digital Water and End with a Water-smart Digital
Sector. Water Europe, Brussels.

Water Europe, 2022. Joint Statement: A Mandatory Water
Efficiency Assessment in the Industrial Emissions
Directive to Tackle Financial Water Risks for Industry.
Water Europe, Brussels.

Water Footprint Network, 2021. Water stewardship.
Available online: https://waterfootprint.org/en/water-
footprint/corporate-water-stewardship/ (accessed
17 January 2022).

Water Stewardship Ireland, 2021. Certified water
steward programme. Available online: https://www.
waterstewardshipireland.com/programmes/certified-
water-steward-programme/ (accessed 17 January
2022).


https://sciencebasedtargets.org/measurement-reporting-and-verification-mrv
https://sciencebasedtargets.org/measurement-reporting-and-verification-mrv
https://psmr.seai.ie/Public
https://thewaterforum.ie/app/uploads/2022/09/2022-08-30-Water-Forum-Press-Release-response-to-IW-Water-Conservation-Order-in-Cork.pdf
https://thewaterforum.ie/app/uploads/2022/09/2022-08-30-Water-Forum-Press-Release-response-to-IW-Water-Conservation-Order-in-Cork.pdf
https://thewaterforum.ie/app/uploads/2022/09/2022-08-30-Water-Forum-Press-Release-response-to-IW-Water-Conservation-Order-in-Cork.pdf
https://thewaterforum.ie/app/uploads/2022/09/2022-08-30-Water-Forum-Press-Release-response-to-IW-Water-Conservation-Order-in-Cork.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000375724
https://unesdoc.unesco.org/ark:/48223/pf0000375724
https://ceowatermandate.org/about/six-commitment-areas/
https://ceowatermandate.org/about/six-commitment-areas/
https://www.unido.org/our-focus/safeguarding-environment/resource-efficient-and-low-carbon-industrial-production/industry-and-adaptation/water-stewardship
https://www.unido.org/our-focus/safeguarding-environment/resource-efficient-and-low-carbon-industrial-production/industry-and-adaptation/water-stewardship
https://www.unido.org/our-focus/safeguarding-environment/resource-efficient-and-low-carbon-industrial-production/industry-and-adaptation/water-stewardship
https://www.unido.org/our-focus/safeguarding-environment/resource-efficient-and-low-carbon-industrial-production/industry-and-adaptation/water-stewardship
https://www.epa.gov/air-emissions-factors-and-quantification/greenhouse-gas-emissions-estimation-methodologies-biogenic
https://www.epa.gov/air-emissions-factors-and-quantification/greenhouse-gas-emissions-estimation-methodologies-biogenic
https://www.epa.gov/air-emissions-factors-and-quantification/greenhouse-gas-emissions-estimation-methodologies-biogenic
https://www.epa.gov/air-emissions-factors-and-quantification/greenhouse-gas-emissions-estimation-methodologies-biogenic
https://www.epa.gov/sustainability/lean-water-toolkit-preface
https://www.epa.gov/sustainability/lean-water-toolkit-preface
https://doi.org/10.1016/j.jclepro.2016.09.106
https://doi.org/10.1016/j.jclepro.2016.09.106
https://waterfootprint.org/en/water-footprint/corporate-water-stewardship/
https://waterfootprint.org/en/water-footprint/corporate-water-stewardship/
https://www.waterstewardshipireland.com/programmes/certified-water-steward-programme/
https://www.waterstewardshipireland.com/programmes/certified-water-steward-programme/
https://www.waterstewardshipireland.com/programmes/certified-water-steward-programme/

C. Gaskin et al. (2019-W-LS-21)

Water UK, 2020. Net Zero Route Map 2030. Water UK,
London.

WBCSD (World Business Council for Sustainable
Development), 2019. Global Water Tool. Available
online: https://www.wbcsd.org/Programs/Food-and-
Nature/Water/Resources/Global-Water-Tool (accessed
4 February 2022).

WEF (World Economic Forum), 2019. The Global Risks
Report 2019 14th Edition. WEF, Geneva, Switzerland.

WEF (World Economic Forum), 2020. The Global Risks
Report 2020. WEF, Geneva, Switzerland.

WMO (World Meteorological Organization), 2022.
Extreme weather in China highlights climate change
impacts and need for early warnings. Available
online: https://public.wmo.int/en/media/news/
extreme-weather-china-highlights-climate-change-
impacts-and-need-early-warnings (accessed
11 November 2022).

WRI (World Resources Institute), 2019. Aqueduct.
Available online: https://www.wri.org/initiatives/
aqueduct (accessed 4 February 2022).

WWEF (World Wide Fund for Nature), 2013. Water
Stewardship — Perspectives on Business Risks and
Responses to Water Challenges. Gland, Switzerland.

WWEF (World Wide Fund for Nature), 2020. Water Risk
Filter Brief: Water Risk Scenarios. Gland, Switzerland.

43


https://www.wbcsd.org/Programs/Food-and-Nature/Water/Resources/Global-Water-Tool
https://www.wbcsd.org/Programs/Food-and-Nature/Water/Resources/Global-Water-Tool
https://public.wmo.int/en/media/news/extreme-weather-china-highlights-climate-change-impacts-and-need-early-warnings
https://public.wmo.int/en/media/news/extreme-weather-china-highlights-climate-change-impacts-and-need-early-warnings
https://public.wmo.int/en/media/news/extreme-weather-china-highlights-climate-change-impacts-and-need-early-warnings
https://www.wri.org/initiatives/aqueduct
https://www.wri.org/initiatives/aqueduct

Abbreviations

BOD

C3s
CapEx
CRU
CSRD
Cws
DECHEMA

EAP
EPA
ESG
EU
EWC
GDP
GHG
14.0
ICT
lloT
loT
IW4.0
IWaSP
JRC
KPI
NDP
NPF
OpEx
OoPW
QaQcC
SDG
SEAI
UKWIR
WFD
WWF

Biological oxygen demand

Copernicus ECMWEF Climate Change Service
Capital expenditure

Commission for Regulation of Utilities
Corporate Sustainability Reporting Directive
Certified Water Stewardship

Deutsche Gesellschaft fiir chemisches Apparatewesen (German Society for Chemical
Engineering and Biotechnology)
Environment Action Programme
Environmental Protection Agency
Environmental, social and governance
European Union

Energy—water—carbon

Gross domestic product

Greenhouse gas

Industry 4.0

Information and communications technology
Industrial Internet of Things

Internet of Things

Industrial Water 4.0

International Water Stewardship Programme
Joint Research Centre

Key performance indicator

National Development Plan 2021-2030
National Planning Framework

Operating expenditure

Office of Public Works

Quantity, quality and cost

Sustainable Development Goal

Sustainable Energy Authority of Ireland

UK Water Industry Research

Water Framework Directive

World Wide Fund for Nature

44



Appendix 1

Al.1 Detailed Lessons Learned

The initial findings from applying the maturity model
across 20 industrial sites in multiple countries

show the various degrees of both stewardship and
digitalisation maturity across sites, and the importance
that industrial sites place on sectoral benchmark
comparison and best practice guidance to drive
implementation of industrial water stewardship
digitalisation in their own organisations.

Based on semi-structured interviews with 20 experts
across 16 organisations in Ireland, Belgium, the
Netherlands and Germany, findings from experts

on the application of the maturity model relating to
the maturity of current industrial water management
practices at their sites were as follows:

1. Operational managers, production managers
and utilities managers were identified as the
most senior people on-site and as having the
greatest responsibility for and impact on water
management. However, they are also responsible
for energy and production management, which
can often lead to water management receiving
less attention.

2. The subscription to water standards at industrial
sites was low, with the majority of sites following
internal water standards but not seeking
external accreditation as is the case with
broader energy and sustainability standards
(e.g. ISO 50001/14001).

3. Carbon reduction targets are more mature, in
terms of reporting, than water targets, with all but
one company having carbon reduction targets of
some description and six companies having no
corporate-level water targets.

4. A payback time of 1.5 to 5 years is company policy

for project approval among the majority of the
participating organisations. This is a challenge

for water projects, as their payback times

typically exceed this range. Moreover, companies
accepted that accounting for the true cost of water
(energy, chemicals, etc. nexus) would decrease
the payback time of water projects, but there is
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currently a lack of awareness of and formalised
methods for such calculations.

. Digital integration with municipal service
suppliers is limited. However, there are a number
of examples of industrial sites sharing water
indicator data with industrial/chemical park water
and wastewater providers (Germany and the
Netherlands).

The sharing of information by industrial sites with
water service companies, relating to parameters
such as predicted water demand, wastewater
loads, temperature and quality of wastewater, was
identified as valuable for optimum management
of water services by the water service provider in
terms of resource efficiency and circularity.

Several sites said that services provided by
third-party organisations were often overpriced,
and they planned to implement similar monitoring
regimes using in-house skills. Conversely, a
number of organisations said that specialised
third-party services companies were most
competent to manage water because of sectoral
expertise, which ensures regulatory compliance
for the industrial end user.

The three main challenges to better industrial
water stewardship identified based on stakeholder
consultations were as follows:

1. The most common challenge that participant
sites reported was the high upfront cost of water
projects, with company payback time limitations a
significant obstacle to project approval.

The second most common challenge was a lack
of awareness from top-down management of the
importance of water stewardship and digitalisation
for industrial water management. However, it
was noted that there has been recent progress
in this regard, particularity since the COVID-19
pandemic, due to the global shift by companies
towards reporting ESG information and the
automation of production facilities to enable
them to operate with limited numbers of staff
on-site. Evidence of increased top-down buy-in
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to improved industrial water management is
seen through organisations seeking accreditation
for water stewardship standards and setting up
dedicated task forces to deal with increased
customer requirements for industrial water
guidance and consulting.

. The third most common challenge reported was
a lack of risk assessment for operations and
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supply chains. The identification of key operational
risk parameters was a challenge because of the
varied types of production from site to site, while
access to data from suppliers (beyond monetary
spending) was particularly challenging for
multinational organisations with globally complex
supply chains.



Appendix 2 Supporting Future State Scenario Planning:
Global Megatrends

A2.1 Detailed Application

A methodology was developed that helps industrial
sites to identify their current understanding of each of
the global megatrends mentioned in section 3.3.5 and
how it specifically relates to their sites both now and in
the future.

To test the effectiveness of the approach, a pilot of
the proposed megatrend exercise was carried out
with the three project partner sites (Table A2.1) prior
to engagement with wider industrial organisations.

A template was devised to identify the key drivers,
challenges and opportunities related to analysing the
potential impact of the megatrends on organisations’
water management at their sites, on their business
models and in their catchments.

The project team then held an industry-wide workshop
at the Water Stewardship Ireland Community of
Practice Meeting on 12 May 2022. The workshop
involved presenting the preliminary research findings
from the Industrial Water 4.0 project and discussing
the collective challenges and opportunities facing
industrial water management in Ireland. The future
state scenario planning (megatrend analysis) template
was presented to 16 CoP members followed by
the distribution of a worksheet asking participants
for written feedback on the potential impact of
each megatrend on their site. Responses were
received from participants across a diverse range of
sectors — the food and beverage, pharmaceutical and
life sciences, healthcare and transport sectors — and
national agencies. A summary of responses about
each megatrend is shown in Table A2.2. Participants
were also asked to rank the megatrends in terms of
perceived importance to their industrial sites. The
order was as follows:

1. climate adaptation and water supply risk;

2. zero pollution;

decarbonisation;

> w

circular economy;

emerging technologies and new supply routes.
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Notably, the two most important megatrends to
industrial sites, namely climate adaptation and water
supply risk and zero pollution, reflect the top-down
policy emphasis that each of these megatrends
receives at the EU level and national level in Ireland.

A2.2 Lessons Learned

Insights from workshop participants from the industrial
sites into the relevance of each megatrend to their site
are outlined in the sections below and summarised in
Table A2.2.

A2.2.1 Megatrend 1: climate adaptation and
water supply risk

As noted at the start of this report, access to water

is vital for continued business operations, and lack

of water is a limiting factor in production (i.e. no
water=no production). Findings from stakeholder
engagement activities suggest that sites in Ireland
are acutely aware of this, from the perspectives of
both potential climate change impacts and upcoming
legislation, namely the newly proposed water
abstraction bill, which will require large water users
that currently abstract water to apply and adhere

to more stringent water abstraction licences. The
proposed General Scheme of the Water Environment
(Abstractions) Bill 2018 provides draft legislation aimed
at ensuring that Ireland complies with its obligations
under the WFD, with abstractions of 2000 m® or more
per day requiring EPA licensing under the proposed
legislation (DHPLG, 2018). In addition, abstractions
of 250 m® or more per day may require licensing if
they are deemed by the EPA to represent a significant
abstraction pressure to an “at risk” waterbody, while it
will be compulsory to register an abstraction of 25m?3
or more per day.

The EPA estimates that 6% of waterbodies are
potentially at environmental risk because of abstraction
pressures (DHPLG, 2018), a figure that may increase
in future as a result of pressures such as increasing
population, and industry and agricultural activities.
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Table A2.2. Summary of Water Stewardship Ireland Community of Practice participant responses to

megatrends

Megatrend

Climate adaptation

Summary responses — key drivers

Water is vital to site operations. “No water =

and water supply risk no production” needs to be communicated to

Zero pollution

Decarbonisation

Circular economy

Emerging
technologies and
supply routes

Although a number of sites have experienced some
well water depletion and low water levels in rivers,
this has not curtailed production to date, but this may

management, colleagues and customers. Most sites
have 2-5 days of water storage on-site.

A number of sites have experienced some water
well depletion or low river levels, but this has not
impacted operation to date. This could change in
future as a result of climate change, and population
and economic activity growth.

The cleaner the initial water supply sources for a
site, the less additional processing is required for
treatment (e.g. energy, chemicals).

Most industrial sites consulted must comply with EPA
emission licences to operate.

Deterioration of waterbody quality is generally seen
as the most direct impact of industry on waterbodies,
with good water quality important to positive
stakeholder relationships at catchment level (i.e.
nobody wants to be on the EPA national priority site
list relating to wastewater).

Need for EWC nexus awareness and training to
show the hidden costs and environmental impacts
associated with water use and treatment.

Prioritise types of water and match with use, i.e. not
all water needs the same level of treatment.

Indirect water circularity needs more attention as a
potential opportunity for alternative water sources to
reduce supply constraints (e.g. using wastewater for
heating/cooling without wastewater coming in direct
contact with product).

Hydrogen production is seen as a potential solution
to decarbonise the economy, especially relating to
heating applications. Concerns raised over water
impacts of this emerging solution.

Many opportunities for deploying new water
technologies on-site (e.g. water efficiency and
reuse), but low cost of water limits water project
implementation compared with energy projects.

change with the more extreme hydroclimatic events
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Summary responses — key challenges

Many sites depend on national water supplier. Need
for better communication between industry and
suppliers identified, particularly relating to disruption
of services and pollution events.

Better understanding is needed of the future water
stresses for industry.

Future regulations may require higher treatment
standards that may increase pollution indirectly due
to energy, chemical or new equipment production
and manufacturing requirements.

Upcoming regulations from the Zero Pollution Action
Plan will impact sites (e.g. stricter emission limits,
contaminates of emerging concern); however, no
perceived immediate impacts on site operations.

Sites should use renewables and biomass sources
where possible to reduce GHG emissions associated
with water use and treatment. Sites should use most
efficient equipment and process where possible to
reduce energy/other resource requirements.

A need for significant investment and grants (SEAI
Exceed for water projects).

Current lack of awareness/consensus on what water
circularity means (e.g. is rainwater harvesting for
graywater applications considered circular?).

Perceived as difficult to practically reuse water on-
site because of existing site configurations and the
associated cost and disruption to operations from
construction/retrofitting activities.

Difficulty in directly reusing water on-site due

to regulatory requirements, particularly in food/
beverage and pharma sectors (e.g. Food and Drug
Administration approval needed).

Platform for information exchange with water service
providers (i.e. better data exchange with Irish Water
and industry).

projected for the future. The need for guidance on the
specific water stresses that industry is projected to
face was identified as pertinent by stakeholders.
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A2.2.2 Megatrend 2: zero pollution

A key insight from the consultations was the varying
degrees of awareness that stakeholders had of the
EU Zero Pollution Action Plan and the potential for
more stringent wastewater discharge pollution limits,
and monitoring requirements for contaminants of
emerging concern. Those who were aware saw no
immediate impacts on their sites. From the perspective
of external stakeholder engagement in the catchment,
deterioration of waterbody quality because of pollution
events caused by industry is highlighted as the

most direct and contentious issue, and all sites seek
to avoid this through responsible industrial water
management (i.e. nobody wants to be on the EPA
national priority site list relating to wastewater).

In relation to the zero pollution megatrend, sites
said that they would not be allowed to operate
without complying with their EPA-regulated industrial
emissions licence, which covers wastewater
discharges.

A2.2.3 Megatrend 3: decarbonisation and the
transition to net zero

While decarbonisation as a megatrend has received
significant attention from industrial sites in pursuit

of corporate-wide GHG emission reduction targets,
the focus has primarily been on energy efficiency,

the substitution of energy sources with low-carbon
alternatives and the deployment of renewable energy
sources to help reduce scope 1 and 2 emissions
under the international Greenhouse Gas Protocol.
Upstream and downstream emissions associated with
water supply and treatment beyond the site boundary
(scope 3) are poorly understood in an Irish context
because of the lack of national emission factors.

Those consulted noted that the EWC nexus is poorly
understood, with greater awareness and training
needed to identify the links between the energy needs
for water abstraction, pumping and treatment and
also the significant role that water plays as an energy
carrier on-site. A better understanding of this would
allow for water savings and efficiency improvement
measures to be linked to energy and associated
carbon emission savings. This would help to justify
water projects that are deemed economically unviable
where only water costs alone are considered. This

is because water has a relatively low cost compared
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with energy. The establishment of funding support
instruments for water efficiency technologies and
processes (e.g. SEAI Exceed), similar to those offered
for energy, was highlighted as a potential enabler

of greater uptake of water efficiency improvement
projects at industrial sites.

Based on engagement with industrial sites in Ireland
throughout this project, a request for additional
guidance from national agencies in Ireland
surrounding the upstream and downstream energy
and carbon impacts of water supply and wastewater
treatment was identified, with a methodology proposed
by this project team to facilitate EWC assessment
nationally (Trubetskaya et al., 2021b). The lack of
emission factors for company reporting relating to
water limits Irish industrial sites’ ability to meet their
water stewardship certification reporting requirements
because of the poor understanding of upstream and
downstream emissions. There is significant uncertainty
surrounding process emissions (e.g. CH, and NO,
from biological treatment processes) from wastewater
treatment at industrial sites, with no methodology
currently being applied in Ireland.

A2.2.4 Megatrend 4: circular economy

Of the megatrends identified during stakeholder
engagement activities, the least understood was the
circular economy megatrend. Questions were asked
about what constitutes circularity in the water domain;
for example, is rainwater harvesting considered

a water circularity measure, given that rainwater
collection and discharge avoid upstream water
abstraction, treatment and distribution and associated
GHG emissions? Traditionally, risk assessments for
rainwater at industrial sites have focused on industrial
effluent run-off and storm water management, with
limited consideration of the co-benefits for other
organisational policies such as water circularity and
GHG emission savings.

Stakeholders from all sites agreed that water circularity
was a worthwhile goal in theory but said that its
practical application is often limited by existing site
configuration and the associated cost and disruption to
operations due to construction/retrofitting activities.

Another challenge is the strict licensing requirements
for water quality at industrial sites, particularly in
the food and pharmaceutical sectors, which must
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adhere to quality approval standards. However, it was
noted that indirect water circularity has significant
potential where heating or cooling applications may
be supplemented by energy potentials in wastewater
without coming into direct contact with the final
product.

A2.2.5 Megatrend 5: emerging technologies
and supply routes

In the transition to a more climate-neutral and
resource-efficient economy, new technologies and
associated supply routes will need to be developed.
The hydrogen economy was the most frequently
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discussed emerging technology that may affect
water management on a national scale. The lack of
understanding of the hydrogen economy’s possible
impact on water resources underlines the importance
of developing a coherent hydrogen economy strategy
for Ireland; currently, this is in the consultation stage
(DECC, 2021a). The need for greater communication
between industrial sites and the national water
services provider was highlighted as possibly
benefiting from emerging technologies such as a
platform for information exchange, with potential future
applications including early warning alerts and “real-
time” information exchange about service outages,
pollution events and hydroclimatic event impacts.



Appendix 3 Industrial Water Greenhouse Gas Emission
Accounting and Case Studies to Inform
Decarbonisation Technology Deployment in the
Irish Industrial Water Sector

As shown in Figure A3.1, the main GHGs associated

with wastewater treatment are carbon dioxide

(CO,), methane (CH,) and nitrous oxide (N,O), with

147.87ktCO, equivalent in 2018. On arriving at this
estimate, it was assumed that centralised wastewater
treatment plants also treat all commercial and

various research study scope boundaries (e.g. within industrial wastewater and for that reason all industrial
parameters of the wastewater treatment plant,
supporting wastewater treatment plant infrastructure), in domestic wastewater emissions (EPA, 2021a). This
while some studies make different assumptions about highlights the coarseness of the model employed,

the sources of biogenic carbon and their inclusion in

calculations (Li et al., 2022).

A3.1 Industrial Water Lifecycle
Greenhouse Gas Accounting

From a national GHG emission accounting

perspective, Ireland’s National Inventory Report 2021
(EPA, 2021a) estimated CH, and N,O emissions from
wastewater treatment and discharge collectively as

wastewater emissions were assumed to be included

which may be improved by bottom-up data collection
on wastewater process emissions from the industrial
sector.

According to the CRU, Irish Water is the largest
consumer of electricity in the public sector in Ireland
based on the SEAI monitoring and reporting scheme
(CRU, 2021). The CRU decided to include two new
metrics in the Irish Water Performance Assessment
Framework 2020 to 2024 to monitor Irish Water’s
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Figure A3.1. Scope of carbon accounting in the field of wastewater treatment can be gradually expanded
from wastewater treatment processes to the whole of human society and the ecological system. Source:
reproduced from Li et al. (2022); licensed under CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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energy consumption and GHG emissions in CO,
equivalent, as shown in Figure A3.2 (CRU, 2021).

While the SEAI public sector monitoring and reporting
system (SEAI, 2022) provides data on total carbon
emissions from energy generation and consumption
by the public water service provider (i.e. Irish Water),
it does not differentiate between emissions associated
with supply (i.e. water treatment plants, pumping for
water supply distribution) and those associated with
wastewater treatment (i.e. wastewater treatment
plants, pumping for wastewater collection), which

are important factors for helping industrial sites to
understand the upstream and downstream climate
impacts associated with water. The UK offers a useful
methodology (DBEIS, 2021a) for calculating emission
factors associated with energy use for both water
supply and wastewater treatment that may inform the
development of similar emission factors in Ireland.
Uncertainty surrounding the definition of emissions
considered “within scope” for national targets was
noted in the Commercial Semi-State Climate Action
Framework, with targets likely to become more
challenging to meet if the scope is broadened (NTMA,
2022).

In contrast to the SEAI's methodology for defining
and measuring GHG emissions in public sector water
and wastewater treatment plants, which focuses on
energy-related emissions (fossil fuel combustion
on-site, purchased electricity and fleet transport), the
Danish EPA (2021) also includes scope 1 process
and fugitive emissions from water and wastewater
treatment plants, which include CH, and N,O. The
UK Water Industry Research (UKWIR) provides a
methodology for estimating operational emissions in
the water industry, which includes process emissions
relating to N,O and CH, (UKWIR, 2022a); however,
the carbon accounting workbook provided by the

UKWIR is behind a paywall. The US EPA also
provides guidance on estimating biogenic carbon
emissions from wastewater treatment plants (US EPA,
2010). A roadmap for a climate-neutral Nordic water
sector highlights data availability issues relating to
parameters that are significantly important to GHG
emission estimations, such as biogas and process
emissions (Larsen et al., 2022) (see Figure A3.3).
Each of these methodologies and approaches offers
valuable insights into the development of a GHG
emission accounting template for the industrial water
sector in Ireland and the data availability issues that
may need to be overcome.

The UKWIR provides a framework for whole life
carbon accounting for the water sector, which accounts
for embodied emissions associated with initial

asset construction, maintenance and renewal, and
emissions associated with future operations of water
infrastructure. This approach is particularly useful for
enabling consistent whole-carbon assessment at the
planning and design stage of new water infrastructure
projects and allows for better decision-making about
capital investment that has the lowest carbon impacts
possible (UKWIR, 2022b).

A3.2 Decarbonisation Opportunities
for Industrial Water Sector

Feasibility studies and pilots of the deployment
potential of technologies to reduce GHG emissions
associated with industrial wastewater treatment
include the SEAI Ambigas Project on the potential
of low-temperature anaerobic digestion for treating
industrial wastewater and biogas generation for
CHP (O’Flaherty et al., 2016); a trial at ABP Lurgan
in Northern Ireland of low-temperature anaerobic
digestion developed by NUIG and NVP Energy with
the potential to offset 40% of natural gas usage
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reduction
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energy-related emissions

Greenhouse Gas
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The CRU will monitor Irish Water's

equivalent in line with its reporting to the
Sustainable Energy Authority of Ireland
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Figure A3.2. Energy consumption and GHG emission metrics for the Irish Water performance

assessment. Source: CRU (2021).
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Figure A3.3. Data availability for water GHG emission parameters for Nordic countries. Source: Larsen

et al. (2022).

on-site with biogas (SEAI, 2017), and heat recovery
from wastewater through the preheating of incoming
feedwater; and a pilot heat pump for recovering heat
from wastewater at ABP Cahir in collaboration with
Dwr Uisce (Dwr Uisce, 2019). Industrial waste heat
recovery for water heating is also being demonstrated
at ABP Cahir, with waste heat from refrigeration and air
compressors being used to supplement water heating
(14% saving on natural gas) for use in production, as
well as the installation of a large buffer tank for hot
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water storage (ESB, 2022). Another successful case
study of anaerobic digestion for wastewater treatment
and biogas generation is the Dairy Gold Mitchelstown
site in collaboration with ADI Systems, where the
biogas from wastewater is used in a dual-fuel boiler

to produce hot water to heat the digestor reactor,
while surplus biogas is used to supplement heating
requirements in a plant boiler or burned in a waste gas
flare (Evoqua, 2022).



Appendix 4 Interplay between Water and Production

Resource mapping, particularly water mapping,

plays an import role in value-stream mapping or the
calculation of the true costs of water for production
processes. In addition, it clarifies details of process
flows and their integration with the production process,
and allows management to gain deep insights into
resource flows. Generally, the analysis of the interplay
between water and production considers five main
components: (1) the quantities of fresh water and
wastewater, (2) the quality of water, (3) collection and
treatment systems, (4) the purpose of the treatment
steps in terms of loops and recycling and (5) the
handling and monitoring of data. A suggested template
can be found in section A4.1.

In addition to the general analysis of the water—
production interplay, holistic approaches should take
stewardship concepts into account. These would
include (1) the consideration of the whole catchment
area, (2) key performance indicators (KPIs) for “smart
water” operational performance and (3) control of
specific water- or efficiency-related key parameters. A
suggested template can be found in section A4.2.

A CEN workshop agreement, “Sustainable integrated
water use & treatment in process industries — a
practical guidance (SustainWATER)”, from 2016
(CWA 17031-2016) summarises the outcome of the
E4Water case studies. The main objective of the
E4Water project was to develop, test and validate new
integrated approaches, methodologies and process
technologies for the more efficient and sustainable
use and treatment of water in the chemical industry
with potential to transfer these technologies to other
sectors. This agreement aims to provide guidance
primarily for company stakeholders to support the
implementation of sustainable integrated water use
and treatment practices. Such sustainable integrated
water systems are essential for efficient water use
and treatment in any plant, including those in the
chemical and process industries. In its most advanced
form, it can also be described as integrated industrial
water management or even as integrated water
management when urban and industrial waters are
managed together. This industrial approach has
various dimensions, from measures directly linked
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to single production processes to measures and
cooperation that go far beyond one industrial unit

or even one site. With an increasing range of scale
to be considered in industrial water management,
the number of actors that will be involved is growing
(e.g. neighbourhood industrial sites, municipal
wastewater treatment units, water resource
management institutions up to catchment scale) and
technology options are becoming manifold, so there
is a clear need to consider them in an integrated way
(CWA 17031-2016).

The CEN workshop agreement is therefore divided
into:

1. non-technical aspects, such as catchment- and
site-related aspects and stakeholder inclusion;

2. technical aspects on the industrial scale, such
as technology plus validation and evaluation
methods.

In the E4Water case studies, a few lessons relating to
using digital tools have been learned and should be
highlighted:

e Data acquisition and storage are essential for
good technological monitoring.

Grab samples are not always enough for
monitoring water quality fluctuations (if possible,
apply continuous measurements).

Using relevant KPls is important, since
experiments may develop over long periods under
changing conditions (process, season, people,
equipment, etc.), to allow the proper and non-
biased evaluation of results.

Design of Experiments and Six Sigma
methodologies are advantageous for keeping

the number of experiments to a minimum while
acquiring critical information.

Hiring pilot installation from technology providers
should include provisions for support/modification
of the pilot.

The period of piloting on-site should be long
enough to deal with unexpected delays. If the first
step of a treatment train fails, the downstream
equipment can be damaged. Stepwise start-up is
preferred.
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A4.1 Template Proposal for Mapping the Interplay between Water and Production

Freshwater use

1. Water-dependent production processes
* Indicate process/product
« Batch or continuous
* Cycles of product changes
» Does the production process require a specific conditioning beyond tap water? If so, please characterise

» Do you have water treatment technology installed for process water? If so, please characterise

2. Quantity and quality control
* Required quantity (m*/h)
» Limits regarding quantity of freshwater
» Required quality (please list relevant parameter with corresponding limit values)
* How and how often are these parameters monitored?

3. Actual handling of monitoring data
» Storage and processing (information-based control)
« Contribution to automated process control

Wastewater generation in production

1. Wastewater generation per production processes
» Source treatment/centralised treatment (wastewater treatment plant)

2. Quantity and quality control of wastewater directly released from production
* Released quantity (m*h) and fluctuation/bandwidth
» Released quality (please list relevant parameter and fluctuation/bandwidth with corresponding limit values)

*  Where, how and how often are these parameters monitored?

3. Actual handling of monitoring data
» Data handling and processing
* Information-based control

» Contribution to automated process control

Wastewater collection

1. Characterise your wastewater collection system
» Direct wastewater treatment plant connection, knotted/centralised collection system
* Monitoring points in system

* Monitoring parameters and frequency

2. How is storm water management integrated into the wastewater collection and treatment system?

Wastewater treatment system

1. What is the treatment purpose?
» Water reuse target — if so, what amount and for which purpose?

» Release to public sewer system, river, lake, sea

2. Which wastewater treatment technologies are in place?
» Please characterise
* What is the capacity?

» Specific energy demand?
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3. Which auxiliary materials are needed?
« Wastewater treatment chemicals

» Chemicals for cleaning

4. Treatment process control
» Which parameters are controlled?
*  Where, how and how often?
» Data handling and processing (information-based control)

« Contribution to automated process control

5. Effluent quantity and quality control
* Released quantity (m*h) and fluctuation/bandwidth
» Released quality (please list relevant parameter and fluctuation/bandwidth with respective limit values)
* Where, how and how often are the effluent parameters monitored?

6. Actual handling of monitoring data
» Storage and processing
» Information-based control

» Contribution to automated process control

A4.2 Background for Template Proposal for Mapping the Interplay between Water and
Production

External requirements and conditions

1. Are you located in an area considered to be water stressed?

« How are you evaluating this (e.g. by using some specific evaluation and classification tool, such as WWF or Eurostat)?

2. What is the origin of your water supply?

» Shares in groundwater (own wells/public supply), surface water, reuse of water reclaimed from processes on-site, alternative
resources (e.g. rainwater, municipal wastewater)

3. What are the requirements from authorities on water issues
*  Water withdrawal limits?

* Requirements on effluents?

4. What are your reported parameters to authorities or other external stakeholders on
»  Water withdrawal?
» Emission regulation?

5. Are there other parameters/KPlIs in addition to questions 3 and 4 that you use?

6. How do you plan actions when parameters and/or KPIs exceed the limits?

Internal actions, monitoring and control

7. What are your targets on water saving (or other water-related objectives)
* At corporate level?

« At site level?

8. Which water related parameters/performance indicators (KPIs) are you currently monitoring and/or reporting from your plant?

* Are these parameters and KPls measured or estimated?
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9. To whom are which metrics and KPIs reported?
» Corporate management
» Site management
* Department
» Official sustainability report

* Authorities

10. How are the results of the metrics and KPIs used in your work with water issues?
« By corporate management
» By site management
* In the departments
« In the official sustainability report
» By authorities

11. Do you report according to a standard, e.g. GRI (Global Reporting Initiative), Dow Jones or similar?

12. Do you have a water management plan, including e.g.
» water balance
» water use mapping per activity

* emission control and measurements?

Effluent treatment and recycling

13. Please describe your effluent treatment (including approximate volumes and type of effluent for each treatment)
* On-site treatment
» External treatment
* Treatment method
* Recipient
» Do you currently do any water recycling? If yes, please describe.

Technology characterisation

Specific application Range at on-site installations
(if multiple of same application)

Application on-site
Origin of influent

Relevant inflow parameter

Control/key parameter (pH, cond., COD, BOD, TPM, T, etc.)

Concentration of dissolved substances in inflow (organic/
inorganic)

Analytical requirements
Special requirements for follow-up treatment steps

Required minimum quality/concentration
Maximum residues of disturbing substances

Process parameter (pH, cond., T, etc.)

Requirements to total technology (chain)

Required final water quality

Required final water quantity

Boundary conditions for application
Performance characteristics of technology

Potential KPIs?
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Energy demand (kWh/m?), permeate or dilute

Electric thermal

Concentrates, valuables, residues

Which concentrates, valuables, residues are generated?
Volume/mass flux?

Expected composition and quality?

Space requirements (limited relevance for holistic system)
Plant

Required utilities

Specific costs (€/m?), permeate or dilute

CapEx

OpEx

Others

COD, chemical oxygen demand; T, temperature.

A4.3 CEN Workshop Agreement (CWA 17031-2016)

Non-technical aspects

Catchment-related aspects and boundary conditions (broader picture):

« Wider integral water concept: Which natural water resources are available (surface water, groundwater)? Which relevant
water users are present (industry, urban, agriculture) and how do they act (water demand, established interactions)?

» Alternative water resources: Are alternative water resources available (already established or potential)? How are they
characterised (industrial wastewater, municipal wastewater, rainwater)? Where are they localised (site/local/regional)?

» Knowledge of spatiotemporal stress and sensitivity of water supplies: Where in the catchment does water stress or scarcity
exist or can occur? Is the situation changing by monthly/seasonal/periodical variations and peaks? What renewable and fossil
water resources are involved? Do sensitive ecosystem services exist?

» Synergy potentials beyond water: Are there starting points for circular economy/industrial symbiosis elements (e.g. use of
heat/energy or effluents (sludge, residuals, solid waste, etc.) as a source for other applications)?

Site-related aspects (local picture):

» Water availability (supply): What water quantities are available and what is their quality? Are qualities and quantities constant
or varying (e.g. weather, climate or process dependent)? Where is the available water located?

» Water requirements (demand): What water quantities and qualities are required? Are required qualities and quantities
constant or varying? Where are the water users located?

» Comparison of water demand and supply characteristics: Does a matrix of water demand and supply characteristics show
synergy potentials? Are these potentials still feasible under spatiotemporal aspects? (Is the spatial situation between/at
supply and demand locations suitable? Are supply and demand congruent over time?)

» Legal, organisational and financial aspects: Are there legal boundaries (e.g. classification of aqueous streams as waste)?
What liabilities have to be regulated? How will CapEx and OpEx be distributed between supply and demand side?

Modelling of the broader picture (e.g. related to industrial symbiosis, be sure that all the non-technical barriers are included in the
technical model):

» Conceptual model of the catchment and site actual status (quantity, quality and heat)
* Model and identify demand and supply gaps

« Identify opportunities for combination of sources

« Link with modelling of technical solutions

Acceptance of solutions by different stakeholders:

» Society: It is necessary that the solution takes into consideration its impact on potentially affected communities. This requires
a minimum social understanding of the problem and also, to some extent, an idea of society’s expectation in relation to it.
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Administration/regulation: The choice of technical solutions should consider the existing regulations and the ability of the

administrators/authorities to make them effective. Ideally the administrators/authorities should be involved in the solution to
some extent.

Decision-makers: Companies’ decision-makers should first of all recognise the complexities of water economics, including the
power of economies of scope. An economy of scope exists when a combined decision-making process would allow specific
services to be delivered at a lower cost than would result from separate decision-making.

Collaboration between actors (companies, municipalities/society): It is essential to point out that the final decision and
acceptance of the technologies/solutions should not consider separately the information and views of all the different
stakeholders mentioned so far. Instead, all these stakeholders should exchange information, and the resulting choice of
technology/solution should derive from the concerted interaction between them.

Technical aspects at industrial scale

Definition phase — aspects to consider:

Available water sources and water demands. Normal daily and seasonal fluctuation (quality and quantity). Examples:
temperature, algae growth, rainfall, production runs, cleaning activities, maintenance periods.

Determine the match and gap (quality and quantity) between water sources and water needs.
Consider third neighbouring partners as possible suppliers and users for water (symbiosis).
Special processes/circumstances that can influence flows/quality. Examples: change of production process, incidents.

Explore options for water saving. Determine the water quality requirements for the different water users and cascading water
users. Use the water-fit-for-purpose concept when upgrading water quality.

Integrate resource recovery, reuse of energy, water and components (circular economy).

Discharge limitations: legal (quantity, e.g. (near) zero liquid discharge, quality), assess the effect of water reuse itself (more
concentrated streams).

Technology selection:

.

Technical feasibility of the new or existing technology based on literature search and expert judgement (simulations of
treatment trains).

Maturity of the technology (technology readiness level): timeline for implementation and availability of pilot scale technology.
Economic aspects like cost for development of new technologies and total costs of ownership.

Environmental aspects: energy consumption, chemical consumption, recovery/water foot print and waste (quality and
quantity). Explore options for water saving. Determine the water quality requirements for the different water users and
cascading water users. Use the water-fit-for-purpose concept when upgrading water quality.

Integrate resource recovery, reuse of energy, water and components (circular economy).

Discharge limitations: legal (quantity, e.g. (near) zero liquid discharge, quality), assess the effect of water reuse itself (more
concentrated streams).

Validation of the technology:

Technological (confirmation of laboratory tests, fouling, scaling, seasonal effects, achievable water quality).
Representative scale for translation to full-scale application.

Infrastructure.

Regulatory requirements.

Contract with water supplier.

Availability of right amount and quality of water sources in line with the pilot requirements.

Evaluation of pilot results and translation to full-scale application:

CapEx and OpEx are used to calculate the total costs of ownership; cost of development of novel technologies is taken into
account.

Environmental aspects like energy, including heat and chemical consumption, water footprint and produced waste (quality
and quantity) are evaluated.

Integration into existing installations, enabling new applications/redesigning existing treatment systems.

Evaluate effect on site water balance (accumulation of components in water cycle/disposal of concentrate stream).
Optimisation/scale effects (e.g. from modular process skids).

Legislation.

Infrastructure.

Contract with water supplier.
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Appendix 5 Detailed Literature Review: The Emergence of
Industrial Water 4.0

AS5.1 Global Water Risks

If climate change is a shark, water is its teeth.
(WWEF, 2016)

Water-related risks are consistently ranked among

the top global environmental and societal risks (WEF,
2020), and businesses are increasingly experiencing
significant associated financial impacts (CDSB, 2021).
Currently, 17% of the global population reside and 10%
of GDP is generated in water-stressed regions; these
figures are projected to increase to 51% and 46%,
respectively, by 2050 (WWF, 2020). Several factors
are expected to affect water availability and quality

in the coming decades, with competition for water
exacerbated by various natural and anthropogenic
factors such as changing demographics, industrial and
agricultural activities, pollution and climate change
(CDP, 2021; CDSB, 2021).

The global hydrological cycle includes many different
components reacting in complex, dynamic and often
non-linear ways to external forcings such as climate
change. While the hydrological impacts of climate
change, such as spatial and temporal alterations in
water balance, streamflow and extreme events (floods,
droughts), typically occur on regional or local scales,
they can trigger modifications that lead to larger-scale
or even global changes in the water cycle (ECRA,
2018).

Temperature rises due to climate change are projected
to significantly intensify the global hydrological cycle,
resulting in more powerful storms, increased flooding
and drought conditions (IPCC, 2022). The JRC Global
Drought Observatory of the Copernicus Emergency
Management Service reported on drought conditions
throughout the European continent in 2022, when
record high temperatures, low precipitation and low
waterbody depth levels led to water scarcity impacts
among Member States, as shown in Figure A5.1
(Toreti et al., 2022).
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AS.2 Operational Impacts

Table A5.1 lists some examples of the disruption to
industrial activity resulting from extreme hydrological
events in 2022; these impacts may have been
amplified by climate change.

AS5.3 Financial Impacts

Between 1980 and 2020, total economic losses

from weather- and climate-related events among the
32 European Environment Agency member countries
was between €450 billion and €520 billion. This is
forecast to increase in the coming decades as a
result of climate change and the associated impacts
on the hydrological cycle (EEA, 2022a). In response
to these challenges, the EU has introduced a new
Climate Adaptation Strategy (EC, 2021a). This aims
to gather better data on current and projected climate-
related risks and losses from meteorological events
(e.g. storms), hydrological events (e.g. floods) and
climatological events (e.g. heatwaves, cold waves,
droughts), which will inform holistic responses to
climate change adaptation.

According to a study carried out as part of the JRC
PESETA project, exposing the global economy to
global warming of 3°C would result in an annual
welfare loss of at least €175 billion (1.38% of GDP).
Under a 2°C global warming scenario, the loss
would be €83 billion/year (0.65% of GDP), while
restricting warming to 1.5°C would reduce the loss
to €42 billion/year (0.33% of GDP) (Szewczyk et al.,
2020). From an Irish and UK perspective, the study
suggests that the main economic losses will be
associated with coastal flooding, river flooding and
drought, with losses to GDP of almost 0.5% under a
3°C warming scenario, as shown in Figure A5.2.

AS5.4 EU Policy Response

Two of the European Commission’s six priorities
for 2019-2024 (EU, 2019a), “A European Green
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Figure A5.1. JRC Global Drought Observatory of the Copernicus Emergency Management
Service — 22 August 2022. Source: reproduced from Toreti et al. (2022); licensed under CC BY 4.0

(https://creativecommons.org/licenses/by/4.0/).

Deal” and “A Europe fit for the digital age”, are

directly relevance to IW4.0 management through

their promotion of a carbon-neutral and resource-
efficient economy enabled by a new generation

of technologies. Both priorities inform “A New
Industrial Strategy for Europe” (EC, 2020a), which
aims for Europe to lead the twin green and digital
transitions that will transform the EU into a fairer, more
prosperous society with a modern, resource-efficient
and competitive economy with no net emissions of
GHGs by mid-century. The 8th EAP, building on the
European Green Deal, sets out priority objectives for
2030 and the conditions needed to achieve these (EU,
2022b). The 8th EAP aims to speed up the transition
to a climate-neutral, resource-efficient economy,
recognising that human wellbeing and prosperity
depend on healthy ecosystems.
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A desk review was undertaken to identify relevant
EU-level policies and legislation that support
achievement of the European Commission’s

priorities and industrial strategy with relevance to
water; these are listed in Table A5.2. This analysis
suggests that water policy and legislation at EU level
is narrowly focused on preventing environmental
pollution, avoiding water resource overconsumption
in water-scarce regions and adapting to hydroclimatic
extremes.

The European Commission (EU, 2022a) has made
progress in more systematic policymaking that
accounts for water dimensions by placing greater
emphasis on responsible water and marine resource
management, reporting disclosures by businesses
in the proposed CSRD, and by linking wastewater
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Table A5.1. Impacts of global extreme hydroclimatic events on industrial activity in 2022

A Framework for Catchment-based Digitally Integrated Industrial Water Stewardship

Country Impact Source
China Record heatwave and high temperatures led to drought conditions and consequently the shutdown  CMA, 2022;
of industrial organisations to conserve water for the residential population; reduced hydropower WMO, 2022

capacity; and lower crop yields. The heatwave was followed by heavy, intense rainfall from a
typhoon, causing flash flooding in certain regions

France Worst drought on record, which resulted in reduced agricultural yields affecting production. Météo France,
Moreover, temperature limits of water discharged from a nuclear powerplant were increased to 2022; Reuters,
avoid powerplant shutdown as a result of low water levels and the associated high temperature of 2022
waterbodies

Germany Summer heatwave led to record high temperatures and drought, resulting in disruption to cargo DWD, 2022;
shipping on the Rhine due to low water levels Reuters, 2022

Ireland Heatwave and drought conditions led to increased demand for water resources and low reservoir Irish Water, 2022;
levels, which in turn led to residential and business water conservation notices being issued The Water Forum,

2022

Norway  Hydropower reservoirs ran low because of low rainfall and needed to be regenerated in summer, New York Times,
leading to a halt in electricity exports to the EU 2022

Pakistan Heatwave temperatures affected agricultural yields and were followed by heavier than usual FT, 2022; WMO,
monsoon rains, resulting in over 1000 fatalities and the shutdown of industrial activity in affected 2022
areas

USA Exceptional drought conditions in western and central USA led to record low water reservoir NOAA, 2022

levels, with impacts on energy production through reduced hydroelectricity production and biofuel
feedstock, and on manufacturing output as a result of lower yields of crops such as cotton,
soybeans and flax
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Figure A5.2. Projected losses in GDP due to impacts of climate change in Europe under 1.5°C, 2°C
and 3°C global warming scenarios. Source: reproduced from Szewczyk et al. (2020); licensed under
CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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Table A5.2. EU policies and legislation with relevance to water

EU directives and regulations with significant relevance to
water

EU plans and strategies with relevance to water

Zero Pollution Action Plan (EC, 2021e)
Climate Adaptation Strategy (EC, 2021a)
Biodiversity Strategy (EC, 2020c)

“Fit for 55” package (EU Emissions Trading System, Energy
Efficiency and Renewable Energy Directives) (EC, 2021f)

REPowerEU plan (EC, 2022b)

Circular Economy Action Plan (EC, 2020b)
Hydrogen Strategy (EC, 2020d)

Bioeconomy Strategy (EU, 2018)

Sustainable and Smart Mobility Strategy (EC, 2020e)
Chemicals Strategy for Sustainability (EC, 2020f)
Strategy for Sustainable Textiles (EC, 2022c)
Forestry Strategy (EC, 2021g)

Soil Strategy (EC, 2021h)

Farm to Fork Strategy (EC, 2020g)

Strategy for Sustainable Built Environment — proposal not yet
finalised (European Parliament, 2022)

management to achieving broader EU policy
objectives in the proposed update to the Urban

Waste Water Treatment Directive rules in 2022. The
European Commission’s proposal for the Urban Waste
Water Treatment Directive aims to:

o make the wastewater sector energy neutral and
move it towards climate neutrality by reducing
energy use, using the larger surfaces of some
wastewater treatments plants to produce solar or
wind energy, encouraging water reuse and using
sludge to produce biogas, which can replace
natural gas;

e make industry responsible for treating toxic
micropollutants (under the “polluter pays”
principle) that are released into the environment
from the use of their products, especially harmful
residues from the pharmaceutical and cosmetics
sectors;

e improve access to sanitation in public spaces and
for the 2 million most vulnerable and marginalised
people in the EU;

e require the monitoring of health parameters in
wastewater to enhance the EU’s preparedness for
pandemics or other major public health threats, as
is currently being done in relation to COVID-19.

WFD (EU, 2000)

Drinking Water Directive (EU, 2020a)
Bathing Water Directive (EU, 2006)
Groundwater Directive (EU, 2014)

Urban Waste Water Treatment Directive (EU, 1998) — revision
proposed by European Commission in 2022 (EC, 2022a)

Industrial Emissions Directive (EU, 2010)
Environmental Policy Quality Standards Directive (EU, 2008a)
Nitrates Directive (EU, 1991)

Sewage Sludge Directive (EU, 1986)

Marine Strategy Framework Directive (EU, 2008b)
Sustainable Use of Pesticides Directive (EU, 2009a)
Birds Directive (EU, 2009)

Habitats Directive (EU, 1992)

Water Reuse Regulation (EU, 2020b)

Nature Restoration Law — proposal stage (EC, 2022d)
CSRD - proposal stage (EU, 2022a)

European Pollutant Release and Transfer Register Regulation
(EU, 2019b)

Floods Directive (EU, 2007)

New rules on urban wastewater treatment are to
include the following (the timeline for implementing the
new rules is indicative, as these will be progressively
applied until 2040, as shown in Figure A5.3):

e reduce GHG emissions in the sector by over 60%
compared with 1990;

e decrease water pollution (organic matter, nitrogen
and phosphorus) by more than 365,000 tonnes
per year by 2040;

e cut microplastics emissions by 9% per year
between now and 2040.

AS5.5 National Water Risks

A5.5.1 Water stress

In Ireland, high-level impacts of water stress due to
climate change are projected to be more limited than
in the rest of Europe (EEA, 2021), with the Water
Exploitation Index estimating that water use accounted
for only 3% of the nation’s renewable freshwater
resources in 2017 (EEA, 2022b).

However, there are local-scale mismatches between
resource provision and end users in Ireland that may
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2025 2030 2035 2040
Storm water Monitoring in place  Integrated plans for  Integrated plans in  Indicative EU target
overflows and agglo. > 100k p.c. place for agglo. at in force for all
urban runoff (rain + areas at risk risk between 10 and  agglomerations >
waters) identified 100k p.e. 10.000 p.e.
Individual Regular inspection in EU standards for
appropriate all MS + Reporting IAS
systems for MS with high IAS
Small-scale New thresholds of All agglo.> 1.000
agglomerations 1.000 p.e. p.e. compliant

Nitrogen and
phosphorus

Micro-pollutants

Identification of areas
at risk (agglomerations
10 to 100k p.c.)

Setting up extended

Interim target for
N/P removal in
facilities > 100 000
p.¢. + New
standards

Areas at risk

N/P removal in all
facilities above
100k p.e. + Interim
target for arcas at
risk

All facilities > 100k

N/P removal in
place in all arcas at
risk (between 10
and 100k p.c.)

All facilities at risk

producer identified (10 to p.¢. equipped + equipped with
responsibility schemes 100k p.e.) + Interim  interim targets for  advanced treatment
target for facilities areas ‘at risk”
above 100.k p.e.
Energy Energy audits for Audits for all Interim target for Energy neutrality
facilities above 100k  facilities above 10k energy neutrality met and related
p.c. p.¢. Interim target GHG reduction met

Figure A5.3. Implementation planning for the main measures of the proposed revision to the Urban Waste

Water Treatment Directive. Source: EC (2022a).

lead to regional and local impacts being exacerbated
by climate change, for example as seen in west Cork
in summer 2022, with water conservation notices
issued to deal with increased demand for water and
low water levels in reservoirs (Irish Water, 2022).
Similar observations were made in 2018, when
drought conditions resulted in conservation orders
being issued for domestic public water supplies

and on commercial premises for non-commercial
activities because of the prolonged drought conditions
(Hammond Antwi et al., 2021).

A5.5.2 Water quality

From a water quality perspective, the EPA’s report
Water Quality in Ireland 2016-2021 highlighted that
over half (54%) of Ireland’s surface waters are in
good or better ecological condition, with, concerningly,
nearly half (46%) in unsatisfactory condition (EPA,
2022). Of groundwaters, 91% are in good condition.
As shown in Figure A5.4, only 5% of waterbodies

in unsatisfactory condition are directly affected by
industry. However, the agriculture, forestry, mines and
quarries sectors represent a significant proportion of
upstream impacts that serve as inputs for industrial
activities, while the impacts of urban wastewater may
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in some cases be attributed to the downstream effects
of industry.

Irish Water will develop a suite of tools for water
source risk assessment that account for risks to

Urban
Waste
Water

13%

s%
Industry

Mines &
Quarries

Figure A5.4. The percentage of waterbodies in
unsatisfactory condition affected by different
actives in Ireland (EPA, 2022a).
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surface waters and groundwater such as risks posed
by microorganisms, pesticides, metals, nutrients

and organic matter (Irish Water, 2021a). The aim

of these tools will be to inform catchment-level raw
water monitoring programmes, identify areas needing
catchment intervention and establish treatment
requirements (Irish Water, 2021a). Without appropriate
action to mitigate water risks, water quality is projected
to decline as a result of factors such as increased
population, increased commercial/industrial activity,
flooding events mobilising pollutants, and lower

river water levels due to water stress during the
summer months limiting the dilution of wastewater
concentrations (Irish Water, 2021a).

A5.5.3 National policy

Project Ireland 2040 is the Irish Government’s
long-term overarching strategy to make Ireland a
better country for all and to build a more resilient and
sustainable future (Government of Ireland, 2018). The
National Planning Framework (NPF) and the National
Development Plan 2021-2030 (NDP) combine to
form Project Ireland 2040. The NPF sets the vision
and strategy for the development of our country to
2040 and the NDP provides the investment needed to
implement that strategy.

The NPF outlines a high-level strategic plan for
shaping future growth and development to the year
2040 and identifies the sustainable management of
water, waste and other environmental resources as a
national strategic outcome, with water infrastructure a
strategic investment priority (Government of Ireland,
2019b). As outlined in the NPF, National Policy
Objective 57 aims to enhance water quality and
resource management by:

e ensuring that flood risk management informs
policymaking by avoiding inappropriate
development in areas at risk of flooding in
accordance with the Planning System and Flood
Risk Management Guidelines for Planning
Authorities;

ensuring that river basin management plan
objectives are fully considered throughout the
physical planning process;

integrating sustainable water management
solutions, such as sustainable urban drainage,
non-porous surfacing and green roofs, to create
safe places.
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In addition, National Policy Objective 63 of the NPF
aims to ensure the efficient and sustainable use

and development of water resources and water
services infrastructure to manage and conserve water
resources in a manner that supports a healthy society,
economic development requirements and a cleaner
environment.

The NDP National Strategic Outcome 9 is sustainable
management of water and other environmental
resources, with specific priorities relating to water
quality, conservation and future-proofing (Government
of Ireland, 2021), as shown in Figure A5.5.

The Irish Government, through its climate change
sectoral adaptation plans for (1) water quality and
water services infrastructure (DHPLG, 2019) and
(2) flood risk management (OPW, 2019), highlights
the significance of climate change impacts on

the hydrological cycle and on associated water
management practices.

As shown in Figure A5.6, the main impacts of

climate change on water quality and water service
infrastructure will be increased surface and sewer
flooding, leading to mobilisation of pollutants and
spread of pathogens due to high levels of precipitation
and increased storminess, while longer and more
intense dry conditions will reduce the availability of
water and reduce the dilution of contaminants. Of
particular concern for industrial sites is the predicted
impact of extreme precipitation events and storminess
leading to flooding and loss of assets from the water
service infrastructure, which will affect business
continuity through loss of supply.

The National Water Resources Plan developed by
Irish Water identifies various risks to and constraints
on water infrastructure management, such as
performance issues during extreme whether events
such as storms, drought periods and freeze—thaw
events, asset performance in terms of the standards
for risks to water quality, asset performance
including high leakage, and funding constraints (Irish
Water, 2021a). As part of the plan, a framework

was developed that outlines the approaches and
methodologies for water demand forecasting to identify
the risks associated with weather event planning and
potentially climate change (Irish Water, 2021a).

Current EU policy and legislation relating to water
is focused on preventing environmental pollution,
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Figure A5.5. NDP strategic investment priorities relating to water. Source: Government of Ireland (2021).
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avoiding water resource overconsumption and
adapting to hydroclimatic extremes, and this is
reflected nationally in action plans and strategies
developed by Irish state agencies. Box A5.1 shows
the main plans and strategies in Ireland with relevance
to water.

A number of these plans and strategies are relevant to
both preventing water pollution and climate adaptation
because of the interconnected nature of hydroclimatic
extreme event impacts on water quality (i.e. lower
dilution factors during drought and increased surface
run-off during extreme precipitation events) resulting in
more frequent pollution events.

Water is not a pillar of Ireland’s Climate Action Plan
2021 (DECC, 2021a), with references limited to the
sectoral adaptation plans, while the Waste Action Plan
for a Circular Economy 2020-2025 (DCCAE, 2020)
identifies water management as an area for research
prioritisation, with a focus on the waste and circular
economy challenges. The Waste Action Plan also
highlights the food, water and nutrients value chain as
one of seven key product value chains that should be
prioritised. Unlike the EU, Ireland has yet to develop
action plans and strategies relating to the hydrogen
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2019).

Box A5.1. Irish plans and strategies with relevance to water

River basin management plans (DHPLG, 2018) — draft 2022—-2027 plan under consultation.
Water Services Strategic Plan (Irish Water, 2015).
National Wastewater Sludge Management Plan (Irish Water, 2016).
National Water Resources Plan (Irish Water, 2021a).

National Adaptation Framework (DCCAE, 2018).
Water Quality and Water Services Infrastructure: Climate Change Sectoral Adaption Plan (DHPLG,

Flood Risk Management Climate Change Sectoral Adaptation Plan (OPW, 2019).
Catchment Flood Risk Assessment and Management Plans (OPW, 2018).

economy, bioeconomy, built environment, forestry and
soil.

AS5.6 Water Risk Assessment for

Industrial Sites

Water risk assessments at industrial sites have
traditionally been carried out in response to health and
safety concerns (e.g. slips, trips and falls due to water
spills, legionella prevention and control), operational
concerns (e.g. the impact of water equipment failure
on production output) and environmental concerns
(e.g. limiting effluent concentrations to below the level
required to comply with water quality regulations).

Such a narrow perspective on assessing water risks
at the site level is no longer adequate (WWF, 2020).
Industrial sites need to consider their operational
and supply chain vulnerabilities to water stress and
extreme precipitation events, vulnerabilities that will
be exacerbated by climate change, the tightening of
environmental regulations to limit cumulative impacts
on water quality from increasing population and
industrial activity, and increasing demands for ESG
reporting by stakeholders and investors (WRI, 2019;
WWEF, 2020).

To promote increased awareness of the water risks
facing companies, tools and methodologies have
been developed, including the WWF Water Risk

Filter (WWF, 2020), WRI Aqueduct (WRI, 2019),
WBCSD Global Water Tool (WBCSD, 2019), GEMI
Water Management Risk Assessment Questionnaire
(GEMI, 2003) and CPD Water Watch (CDP, 2022). In
addition, lifecycle assessments applied to specific risk
assessments of water processes and technologies
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can inform science-based risk assessments of
environmental or human health impacts. According to
the WWF Water Risk Filter, it is useful to characterise
the risks faced by companies as physical (e.g. scarcity,
flooding, quality), regulatory (enabling environment,
management instruments, institutions, governance) or
reputational (media scrutiny, biodiversity importance,
investor demands) (WWF, 2020).

The physical risks associated with water management
at industrial sites have received the most attention
(WWEF, 2020) because of their direct impact on site
operations and their relevance to future environmental
reporting regulations such as the CSRD (EU, 2022a)
and influential environmental reporting initiatives from
organisations such as the Task Force on Climate-
related Financial Disclosure (FSB, 2022) and Science
Based Targets Initiative (SBTi, 2022). However, the
complexity of water risk resilience planning means that
it is important to account for the broader reputational
and regulatory landscape risks in individual countries
and regions that may limit the implementation of risk
reduction measures (WWF, 2020).

AS.7 Policies Relevant to Industrial
Water Management in Ireland

Figure A5.7 and Table A5.3 highlight the national

plans and strategies in Ireland that offer insights to
inform the proactive management of water at industrial
sites. Based on the review of high-level policy at the
EU level and national level in Ireland, reducing water
pollution, reducing water consumption and climate
adaptation have been identified as priorities in terms of
policy and legislation with relevance to industrial water
management.
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Figure A5.7. Relevance of Irish national policy and legislation to industrial water management.

AS.8 Industrial Water Stewardship

A5.8.1 Corporate-led water stewardship

Water stewardship has received significant attention

in recent years, both globally and in Ireland, as
businesses and communities respond to the increasing
challenges and risks surrounding the shared
responsibility of water resource management. To
accommodate this rise in interest in water stewardship,
several support resources, accreditation standards and
educational programmes have been developed, with
varying degrees of adaptation by the industrial sector.

Water stewardship is defined as using

water in a way that is socially equitable,
environmentally sustainable and economically
beneficial. This is achieved through a
stakeholder inclusive process that involves
site and catchment based actions. (UNIDO,
2022)

The term “water stewardship” has various meanings
depending on the specific context. However, it is
generally understood to encompass an approach that
promotes water users taking responsibility for their
own influence on a shared resource and working
together to manage it sustainably (Water Footprint
Network, 2021). This reflects the systems thinking

perspective, namely that the challenges and risks
associated with water resource management cannot
be solved by individuals but can be addressed only
through coordinated, collective action (GlZ, 2019).
The successful implementation of water stewardship
allows enterprises to engage with local stakeholders
and understand their water-related challenges and
opportunities they face, facilitating the development
and integration of strategies to address social,
environmental and economic concerns across the
entire water lifecycle (Stockil et al., 2018).

Water stewardship to date has predominantly taken

a bottom-up approach, with enterprises and local
societal stakeholders leading implementation efforts.
However, it is increasingly being promoted by national
bodies and agencies to meet national resource
efficiency and environmental protection objectives,
while also contributing to meeting the broader SDGs of
the United Nations.

Bottom-up efforts in water stewardship have been
motivated by various drivers, such as improved
resource efficiency, environmental protection
concerns and ESG reporting and transparency
requirements, which are increasingly demanded by
enterprise shareholders, societal stakeholders and
consumers. Because the scope of the proposed
CSRD (EU, 2022a) is being expanded to include
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Table A5.3. National water plans and strategies relevant to industrial water management

National water
plans and
strategies

Policy and legislation contexts

Relevance to industrial water management

River basin
management
plans

Water Services
Strategic Plan

Water Quality
and Services
Climate
Change
Sectoral Plan

The EU WFD (2000/60/EC) requires all Member States
to protect and improve water quality in all waters so that
we achieve good ecological status by 2015 or, at the
latest, by 2027. It was given legal effect in Ireland by
the European Communities (Water Policy) Regulations
2003 (S.I. No. 722 of 2003). It applies to rivers, lakes,
groundwater and transitional coastal waters. The
Directive requires that management plans be prepared
on a river basin basis and specifies a structured method
for developing these plans.

This Water Services Policy Statement identifies high-
level objectives and priorities for the delivery of water
and wastewater services over the period to 2025. It has
been prepared in line with the Water Services Acts to
give clear direction to strategic planning and decision-
making on water and wastewater services in Ireland
(DHPLG, 2018). In response to the Water Services
Policy Statement, Irish Water published the Water
Services Strategic Plan, which outlines the short-,
medium- and long-term objectives and strategies to
deliver and upgrade water services nationally over the
next 25 years (Irish Water, 2015). Encompassed within
the Water Services Strategic Plan is the National Water
Resources Plan (Irish Water, 2021a) and the National
Wastewater Sludge Management Plan (Irish Water,
2016).

The National Adaptation Framework outlines a whole
of government and society approach to climate
adaptation in Ireland that aims to improve the
enabling environment for adaptation through ongoing
engagement with civil society, the private sector, and
the research community (DCCAE, 2018). Under the
remit of the National Adaptation Framework relating
to water management is the Water Quality and Water
Services Infrastructure: Climate Change Sectoral
Adaptation Plan (DHPLG, 2019).

The Water Quality and Water Services Infrastructure:
Climate Change Sectoral Adaptation Plan was
developed which generates a baseline of current
climate and weather-related impacts and associated
consequences for the sector, and assesses how these
sectoral impacts may change up to 2050 based on best
available climate modelling and analysis data, while
also setting out adaptive measures and where future
adaptation efforts will be required (DHPLG, 2019).
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The river basin management plans offer insights to
industry on the quality of the rivers, lakes, coastal
waters and groundwater that may serve as water
sources for industrial sites and discharge points for
wastewater, and what the main pressures are for the
studied waterbodies. In addition, the plans provide
insights into protected areas such as shellfish water,
designated bathing areas and special areas of
conservation near industrial sites that may be impacted
by over-abstraction and pollution events that warrant
substantial attention from industrial sites to avoid
negative catchment stakeholder publicity.

The National Water Resources Plan includes a
framework that accounts for current levels of service,
issues with source supplies, performance issues during
extreme whether events such as storms, drought
periods and freeze—thaw events, asset performance in
terms of the standards for risk to water quality, asset
performance including high leakage, and funding
constraints. Insights from this framework will allow
industry to plan future operation and expansion in line
with the national water services providers investment
plan. The National Wastewater Sludge Management
Plan sets out a nationwide standardised approach

to ensure that treated wastewater sludge across the
country is effectively managed, stored, transported
and reused or disposed of in a sustainable way, to
the benefit of the public and the environment. From
an industrial water management perspective, the plan
offers guidance on recommended sludge treatment
processes and best practice relating to technologies,
operational standards, monitoring/auditing, record
keeping and reporting.

The relevance of the Water Quality and Services
Infrastructure sectoral adaptation plan to industry is
that it identifies and characterises the likelihood and
magnitude of risks (e.g. high/low precipitation, high/low
temperatures, increased storminess) faced by the water
services infrastructure that supplies water and collects
wastewater from industrial sites. Industrial sites can
use this information to better plan for challenges that
they may face in future and the potential proactive role
they may play in cooperating with their water supplier
and wastewater treatment provider to adapt to climate
change impacts.
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National water
[JELERT
strategies

Policy and legislation contexts

The Flood Risk  Under the remit of the Nation Adaptation Framework
Management relating to water management is the Water Quality and
Climate Water Services Infrastructure: Climate Change Sectoral
Change Adaptation Plan (DHPLG, 2019).

Sectora! The Flood Risk Management Climate Change Sectoral
l’;‘f;"’:]pta“m Adaptation Plan (OPW, 2019) was developed to identify

the potential impacts of climate change on flooding and
flood risk management in Ireland, identify the objectives
for an effective and sustainable approach to adaptation
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Relevance to industrial water management

The relevance to industry is that it allows industry to
get an indication of whether their sites are at risk from
fluvial or coastal flooding under various scenarios of
sea level rise, extreme rainfall depths and peak flood
flows that are projected to occur because of climate
change. The associated flood maps to inform the flood
risk management plans can be freely accessed through
the Flood Maps Viewer at floodinfo.ie (OPW, 2023). It
should be noted that the purpose of flood maps is not

as part of flood risk management for the future, and
promote a coordinated approach to adaptation. The
Flood Risk Management Climate Change Sectoral

Adaptation Plan is informed by catchment flood
risk assessment and management plans, which the
OPW developed under the Catchment Flood Risk
Assessment and Management programme. The plans
detail the flood risk and proposed feasible mitigation
measures for each of the 300 communities considered
areas for further assessment in preliminary flood risk
assessment from 2012 and identifies structural and
non-structural proposed flood alleviation measures in
29 flood risk management plans for each river basin.

all large companies and all companies listed on
regulated markets (except listed microenterprises), it
is envisioned that water stewardship frameworks and
external accreditation will help businesses to meet
their ESG reporting obligations (EU, 2022a).

Existing water stewardship standards and guidance
such as the Alliance for Water Stewardship (AWS,
2019), European Water Stewardship (EWS, 2012) and
CDP Water Disclosures (CDP, 2021) are increasingly
being subscribed to by industrial organisations seeking
to obtain external accreditation and demonstrate

their competency to broader stakeholders in terms

of water resource management and reporting water
stewardship efforts.

A5.8.2 Nationally led water stewardship

Ireland

In response to the gap in national support for water
stewardship, the CWS programme, developed

by 20FIFTYPartners in partnership with Water
Stewardship Ireland and the Lean & Green Skillnet,
was established in 2019 and has been promoted
by Irish Water (the national water service provider)
to engage organisations across Ireland in water
stewardship activities (Water Stewardship Ireland,
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to designate individual properties at risk of flooding, as

they are community-based maps, but they should give

an indication of whether an industrial site is located in a
community that may be at risk of flooding.

2021). It achieves this by supporting participants

to commit to a water stewardship action plan; sites
receive an externally accredited certification for their
efforts (Irish Water, 2021b). The programme supports
business customers with training on lowering water
consumption and reducing operational costs, while
also protecting the environment (Water Stewardship
Ireland, 2021). As at 2022, over 600 organisations

had participated in the programme, collectively
representing over 30% of Ireland’s water use. The
successful implementation of over 1400 conservation
projects has been attributed to the CWS programme.
The programme’s success has led to interest from

the UK and other European countries in potential
replication by national water service providers, tailored
to different national contexts such as industrial sectoral
characteristics and regional water stress conditions.

Finland

As part of its commitment to the United Nations
Agenda for Sustainable Development, Finland’s Water
Stewardship Commitment challenges companies to
assess water risks in their value chains and to engage
in collective action to develop sustainable water use
and governance (Ministry for Foreign Affairs of Finland,
2020). It links directly to national SDG implementation
and engages the public sector, academia and
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non-governmental organisations. The commitment was
founded by Finnish research institutes and ministries
and WWEF Finland in 2017 and has gained signatories
from major Finnish companies and key water-using
sectors. The aim of the commitment is to make Finnish
companies the most responsible water stewards in the
world by 2030.

Germany

The International Water Stewardship Programme
(IWaSP) is implemented by the Deutsche Gesellschaft
fur Internationale Zusammenarbeit on behalf of the
German Federal Ministry for Economic Cooperation
and Development and the UK Department for
International Development. It supports business,
government and civil society to partner with each
other and develop joint solutions to water-related risks
through engagement of over 70 global companies.

At the programme’s end in March 2019, IWaSP

and its partners had enabled water security for
2,722,179 direct beneficiaries and 10,134,960 indirect
beneficiaries, with a focus on water-stressed

regions in developing economies (IWaSP, 2019).
Building on lwaSP’s success, the Natural Resources
Stewardship Programme was developed, enabling
private—public—civil society partnerships to manage
the natural resources (scope expanded beyond water)
needed for sustainable growth and better livelihoods
(NatuReS, 2020). This highlights the potential for water
stewardship programmes to act as an introduction
and catalyst to accelerate broader natural resource
stewardship programmes.

A5.9 Digitalisation as an Enabler
of Better Industrial Water
Stewardship

A5.9.1 Digitalisation of the industrial water
sector

While industrial water stewardship is gaining significant
traction globally, another aspect of management that
has received attention is the prospect of enabling
digitalisation across the industrial water lifecycle.
Various terms are used to refer to this water
digitalisation, such as “Smart Water”, “Water 4.0” and
“loT for Water”. The main benefit of digitalisation in

the industrial water sector is having more manageable
water processes as a result of digital technologies,
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which improves resource efficiency by optimising
processes and equipment while limiting pollution
events through greater oversight of operations and
associated early warning systems.

Digitalisation of the water sector through
technologies such as artificial intelligence (Al),
digital twins, digital data spaces, disruptive
technologies and instrumentation and circular
economy digital water innovations can result
in significant environmental, operational and
economic benefits.

Digital water solutions reduce the
environmental impact of water operations via

a) reductions in energy demand for water
supply and sanitation services;

b) better control of emissions from
wastewater treatment plants;

c) enhanced capabilities for real-time, in situ
water quality monitoring; and

d) increased water use efficiency across
sectors and reduced leakages.

Digitalisation is a critical tool in advancing
global water security and protecting the
planet’'s water resources sustainably. Overall,
digital technologies provide a wide array of
possibilities for achieving the zero pollution
ambition in the water sector.

The EU has recognised the link between

ICT and water protection and promoted the
possibilities digitalisation brings to the water
sector by establishing the ICT4Water cluster,
a community of 61 EU-funded research and
innovation projects on digital innovations for
water. In the context of the cluster, several
studies and reports on digital water have
been published in previous years. More
recently, their reports look at the business
models, research and innovation opportunities
(“The need for digital water in a Green
Europe”, “Business models for digital water
solutions” and “ICT4Water cluster: vision and
showcases”).

European Commission staff working
document Digital Solutions for Zero Pollution
(EC, 2021b)
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Water Europe has produced a white paper on the
digitalisation of water management. This covers the
whole lifecycle and identifies several regional drivers
through the policy priorities “A European Green Deal”
and “A Europe fit for the digital age”, with digitalisation
of the water management sector seen as a way of
jointly meeting these priorities and delivering a resilient
and green economy (Water Europe, 2021). Water
Europe’s recommendations for the digitalisation of the
water sector include:

e adopting a common data platform for data
valorisation and information sharing;

supporting smart quantitative water management
and water conservation through monitoring;
supporting the upskilling of the workforce to diffuse
digital culture in the water sector;

optimising drinking and wastewater plants to
reduce OpEx and CapEx;

improving transparency and data sharing

within the sector and with the public to promote
multidisciplinary cooperation.

Over a 6-year period (2014-2019), the EU funded
255 water-related projects under Horizon 2020 with
around 1 billion euros. These projects are divided
into eight main thematic areas: (1) freshwater and
aquatic ecosystems, (2) global water cycle, (3) water
management, (4) water and people, (5) water and
agriculture, (6) water and industry, (7) water and
energy, and (8) water management (EC, 2020h).

In recent years, digital aspects have increasingly
been included in the research agenda with the

aim of accomplishing the scientific goals shown in
Table A5.4.

While digitalisation offers many possibilities for
improving water management for responsible water
stewardship, several challenges limit the uptake of
digital solutions among industrial sites and water
service providers. The ICT4Water EU cluster has
developed two roadmaps and associated action plans.
The intention is to define and deploy a group of actions
for the development of digital water services in the
single market. These will address digital water issues
relating to services, data management, interoperability,
intelligence, cybersecurity and standardisation,
including synergies between the proposed solutions
and other related sectors (e.g. circular economy, water
reuse, transport, energy, agriculture and smart cities),
while also considering social aspects (e.g. operators,
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consumers, legal issues, water value awareness)
(EC, 2018).

A5.9.2 Digitalisation at catchment level

Beyond industrial site digitalisation and integration
with municipal water management, digital technologies
may be applied at the catchment and regional levels
to facilitate development of decision support tools for
industrial companies to identify site-specific on-site
and off-site water risks.

Monitoring activity

In Ireland, publicly available data and maps relating
to water information are accessible from various state
agencies and departments, such as Catchments.ie,
the EPA, local authorities, the OPW, the Electricity
Supply Board, Geological Survey of Ireland, the
Marine Institute, Met Eireann, Waterways Ireland, the
Shannon Catchment Flood Risk Management Group,
the National Parks and Wildlife Service and the River
Agency Northern Ireland, while a number of national
monitoring programmes are also in place, such as
the Hydrometric Programme and National Water
Framework Monitoring Programme. These datasets
include data on water quantity and quality monitoring,
water infrastructure and the status of waterbodies in
relation to the WFD (EPA, 2022b).

National water databases across Europe tend to have
low spatial resolution, in many cases only one or two
sample points on a river, depending on the parameter
being measured. Temporal resolution is relatively
high for hydrometric data, with some parameters
reported at 15-minute intervals (EPA, 2022c);
however, temporal resolution is low for water quality
data, ranging from 12 sample times per year to once
every 6 years depending on monitoring and survey
requirements (EPA, 2021b). Further study is required
to assess the representativeness of these datasets

to inform industrial water stewardship data collection
efforts at specific sites.

Risk management activity

In relation to the potential impacts of climate change
on national water systems, various data sources,
including digitalised historical weather and climate
observations (Met Eireann and the Copernicus
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Table A5.4. EU-funded water projects with digital aspects, 2014-2019 (EC, 2020h)

Project Description

The project focused on chemical processes and water industries, especially the key pan-European concern:

the efficient management of water in process industry. The European chemical industry, which is an important
water user and a leading technology supplier, can be a solution provider for the whole water management

E4Water has addressed crucial process industry needs to overcome bottlenecks and barriers for integrated

The main objective was to develop, test and validate new integrated approaches, methodologies and process
technologies for more efficient and sustainable water management in the chemical industry with cross-

R3Water: Reuse, Recovery, Resource efficiency. R3Water aimed to support the transition from an urban

wastewater treatment plant to a production unit delivering different valuables. Different types of technologies

ChemWater
cycle, with a focus on the use of water for industrial purposes.
E4Water
and energy-efficient water management.
fertilisation possibilities to other industrial sectors.
R3Water
and innovative solutions were developed and tested at the demonstration sites in Belgium, Spain and
Sweden.
WaterWatt

The WaterWatt project (“Improvement of energy efficiency in industrial water circuits using gamification for

online self-assessment, benchmarking and economic decision support”) had the main objective of increasing
energy efficiency in industrial water circuits. The improvement of energy efficiency across European industry
is crucial for competitiveness. So far, the measures for improving energy efficiency have been directed at
primary production processes. In this project, the improvement of energy efficiency in industrial water circuits
was addressed: auxiliary electric motor-driven systems with high optimisation potential. Currently, there

is neither a benchmark on the energy consumption in industrial water circuits, nor tools for its systematic
reduction, nor awareness of the saving potential. The WaterWatt project aimed to remove market barriers
for energy efficient solutions, in particular the lack of expertise and information on energy management and

saving potential in industrial water circuits.

INSPIREWater

The overall objective of the INSPIREWater project was to increase water and raw material efficiency in the

process industry and support implementation of new resource-efficient technologies. This task was addressed
with new and established technologies in innovative concepts, thereby reducing water consumption, energy
and chemical demands and waste. This was underpinned by a holistic water management framework
complementing companies’ existing management structures. The development of Europe as a leader in green
production and the industrial water treatment market was a focus, as was creating new highly skilled jobs in
Europe, especially in small and medium-sized enterprises.

DynaWater4.0

The aim of DynaWater4.0 is to connect models and cyber—physical systems, sensor networks and data

platforms as well as components of industrial water management and industrial production based on the
concept “IndustrieWasser 4.0”. This will be demonstrated and evaluated using practical examples from

the chemical, steel and cosmetics industries. The degree of networking ranges from the digital linking of
processes within a company, through the location, to the integration of municipal (waste) water management.
In addition, the project partners want to show how other sectors can also exploit these results. In this way,
the digital cooperation between industrial water management and production at different levels can be
exemplified. In addition, the resulting optimisation potentials will be assessed.

W-Net 4.0

This is a web-based data platform for water supply companies to develop a modular and scalable platform

that combines simulation software and a data analysis tool (KIT, Berliner Wasserbetriebe).

WaterGridSense4.0 A joint project involving academic, industrial and municipal partners that aims to develop an integrated solution
based on power- and cost-efficient sensor devices as well as a scalable and fault-tolerant data analytics

platform (KIT, TU Berlin).

ECMWEF Climate Change Service (C3S)) and remote-
sensing technology datasets, such as high-resolution
satellite imagery datasets, are being used in climate
and hydrological models to provide insights into
current and projected risks to water management. The
OPW in Ireland has made progress in this regard by
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developing detailed flood maps based on historical
data and projected changes in the hydrological cycle
due to climate change. Their flood maps comply
with the European Communities (Assessment and
Management of Flood Risks) Regulations 2010 to
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2015 (the “Regulations”) (Implementing Directive
2007/60/EC) for the purposes of establishing a
framework for the assessment and management

of flood risks, aiming to reduce the adverse
consequences for human health, the environment,
cultural heritage and economic activity associated
with floods (OPW, 2018). It is worth noting that the
flood maps provided by the OPW are not intended to
designate individual properties at risk of flooding; they
are community-based maps (OPW, 2018).

More detailed high-resolution mapping would be
required to inform individual industrial sites of their
flooding risks; however, technological limitations
and uncertainties exist in terms of how to downscale
climate models and integrate them with hydrological
models. The operational service for the water

sector of the C38S is accelerating progress in this
area by providing state-of-the-art hydrological
climate information and seasonal forecasts through
datasets and interactive web applications that are
intended for use in the fields of water allocation, flood
management, ecological status and industrial water
use (C3S, 2022a).

A5.10 Adoption of Industry 4.0 in
Industrial Water Management

A5.10.1 Objectives of Industry 4.0

14.0 describes a continued trend of automation and
data exchange in manufacturing technologies and
processes. This can include capabilities such as
cyber—physical systems, cloud computing, artificial
intelligence, IloT, robotics and augmented/virtual
reality and offers benefits to enterprises through cost
efficiencies, operational agility and democratising data
(IMR, 2022).

Ireland’s Industry 4.0 Strategy 2020-2025 (DBEI,
2019) outlines 14.0 as a key output of Future Jobs
Ireland, the government’s new economic pathway
aimed at ensuring that Ireland is well placed to prosper
in a rapidly changing global economy.

The main goals of the strategy are:

1. to encourage firms to adopt and build capability in
14.0 technologies;
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2. to encourage firms to harness the new
opportunities enabled by 14.0 technologies;

to become a global leader in research,
development and innovation, which underpins
14.0;

to help the current and future workforce to
develop the skills to deliver the 14.0 transformation
and exploit the new opportunities arising in
manufacturing and supply chain firms through 14.0
technologies;

to establish a world-class business environment
for 14.0 that is underpinned by appropriate
regulatory legal standards and an internationally
connected ecosystem.

Examples of how international 14.0 trends and drivers
may impact on Irish manufacturing sites are shown in
Figure A5.8.

A5.10.2 Challenges in implementing
Industry 4.0

Key challenges and risks associated with 14.0 relate to,
for instance, developing an 14.0 strategy; rethinking the
organisation and processes to maximise outcomes;
understanding the business case; conducting
successful pilots; making an organisation realise that
action is needed; considering change management,
company culture and acceptance; and interconnecting
departments and talent (i-SCOOP, 2020).

In addition to these challenges, there are several
others, namely practical, technological and ecosystem-
related challenges. These include challenges

related to data compliance questions; managing

risk and lowering costs; dealing with the complexity
of the connected supply chain; developing a better
understanding of information and operational
technologies and, more importantly, how these can
be leveraged; altering customer and industrial partner
demands; addressing competition and the fact that
14.0 champions gain a competitive benefit fast; and
eternal and extremely important human factors such
as talent and the future of work and employment
(i-SCOOP, 2020).
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Process Industries

Pharmaceuticals Pharmaceuticals

and Chemicals . 5 e .
« Personalised healthcare is driving a shift towards more targeted products.

= Information-based medicine and innovative monitoring and delivery
mechanisms are being developed.

= Flexible batch-manufacturing processes and patient
data capture and analysis are becoming key enablers.

Chemicals

= Digitalisation is enabling the streamlining of complex
processes and operations.

» Value-added data services around chemical products are being
developed (e.g. apps for providing technical recommendations to clients).

Food and Drinks = directly with farmers and food manufacturers. Farmers and food producers
are thus becoming retailers.
= Product customisation is being enabled through the ability
to adapt nutrient content to particular categories of customers.

Product Manufacturers

Medical Devices » MedTech products are moving towards end-to-end solutions for better
care at lower prices, including connected health and drug delivery through
data capture.

= Personalised healthcare and customisation of medical products
are being developed including combination products and diagnostics.

Computer and = The Computer and Electronics Sector is becoming a key enabling sector
Electronics for Industry 4.0, providing intermediate goods to other industrial sectors
and making their products and services knowledge intensive.

Engineering = Digitally enabled flexible batch-manufacturing processes will
be required to address increased product customisation trends.

Figure A5.8. Example of international 14.0 trends and drivers in key Irish manufacturing sub-sectors.
Source: DBEI (2019).
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