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The scientific evidence contained in the three parts of the 6 

th Report (AR6) of the Intergovernmental Panel on Climate 

Change (IPCC) is another reminder of the urgent need to 

respect the 2015 3 Paris Agreement. 195 countries 

agreed to the goal of limiting long-term global 

temperature increase to “well below 2°C” compared to 

pre-industrial levels and to pursue efforts to limit the 

increase to 1.5°C by massively reducing their 

emissions of carbon dioxide and other greenhouse 
gases (GHGs).



Climate change particularly affects water and it is still difficult to measure

what impact exceeding the 2°C limit would have. All sectors of society

are affected by the need to decrease greenhouse gas emissions. Industry

ad hock estimates suggest that emissions by water and sanitation

services represent between 3 and 7% of cities’ GHG emissions. As a

comparison, the aviation sector causes 2 to 3% of global GHG

emissions. Emissions from the water sector result as much from the non-

treatment of wastewater and the pollution of aquifers in less developed

countries as from those due to the operation of treatment plants. To address

this, the IPCC suggests mitigation possibilities such as converting

wastewater into energy, reducing the consumption of water and

energy as well as other actions that fit into a circular economy
approach



One characteristic of water and sanitation services is that they are 

interconnected with many other sectors such as energy, agriculture, 

goods and services production and waste. As a result, the greenhouse 

gas emissions of water and sanitation services may affect, or be affected by, 

these other sectors. 

For example, after heavy rainfalls, waste accumulating in streets may clog 

collection networks, causing floods, and these results in additional energy 

use to clean the affected rainwater collection networks and to treat the waste 

and pollution thus generated. This indirectly increases the greenhouse gas 
emissions of sanitation services.

The nexus



WEFC nexus



Examples of interconnections:
▪Agriculture accounts for 70% of 
total global freshwater withdrawals
▪The energy sector accounts for 
about 10% to 15% of the global 
freshwater withdrawal 
▪Agriculture & food chain account 
for 33% of global energy demand 

WEFE nexus





Water systems are intrinsically linked with other
systems

Importance of governance in systems thinking, and systems thinking in circular economy

W E F E ( C ) 
nexus

approach
and 

governance 

Source IWARR2021



Climate change in the Mediterranean area ?



https://iea.blob.core.windows.net/assets/e4a7e1a5-b6ed-4f36-911f-
b0111e49aab9/WorldEnergyOutlook2016ExcerptWaterEnergyNexus.pdf





Source IEA, 2016



Mitigation action by the water and sanitation sector is part of the 

broader national approach for an energy transition (law n° 2015-992). 

The goal is to make final energy consumption decrease by 50% by 

2050 compared to 2012 and to divide GHG emissions by four. These 

goals concern all sectors and actors. The law known as Grenelle II 

makes it mandatory for companies employing more than 500 

people, organizations employing more than 250 people and cities 

with more than 50,000 inhabitants to carry out carbon footprint 

assessments; in addition the local authorities concerned must 

draw up a Climate Air quality Energy plan at the level of their 

territory. The plan is to extend these requirements to smaller 
organizations in the near future.

IN FRANCE:



The Danish Government implemented a new climate law in 2020 with the overall
goal of reducing the national CO2 emissions by 70 percent in 2030 (compared to
1990 levels). This law was followed by several other initiatives, including a climate
plan for a green waste sector and circular economy. This climate plan includes
goals to reduce nitrous oxide (N2O) emissions from wastewater treatment plants
by 50 percent, and to implement a limit for emissions from WWTPs larger than
30,000 person equivalents (PE), no later than 2025. These national goals have
pushed the Danish wastewater sector from focusing mainly on energy to
implement tangible climate actions on other fronts.

IN DENMARK:

In the UK:
The water industry has defined a Roadmap to Carbon neutrality 
with a Net Zero target by 2030

https://stateofgreen.com/en/news/new-political-agreement-to-ensure-a-green-danish-waste-sector-by-2030/




Open innovation allows for flow of expertise and ideas between organisations



https://ec.europa.eu/clima/sites/lts/lts_nl_en.pdf

the Netherlands is pursuing climate

neutrality by 2050 and an increase in the European
target of a 40% reduction by 2030 to a 55%

reduction by 2030



The US water sector will

immediately align to achieve

Net Zero GHG emissions

in equitable ways that benefit 
all peoples and protect the

planet by 2050



Climate Smart Water Utilities



Legislation pertaining to the reuse and conversion of resources is not yet 

stable, because certain ways of reusing wastewater or sewage sludge still 

lack acceptability. The European circular economy action plan presented by 

the European Commission supports the development of the reuse and 

recycling of water in the European Union. Worldwide, the legal framework is 

that of the Compendium of Water Regulatory which regulates water usage.

Therefore, it is clear from just the NDCs and Paris Agreement that drivers exist for 

GHG mitigation in the water sector. Furthermore, as part of the UNFCC Race to 

Zero initiative, Global Water Intelligence has compiled a list of water utilities with 

net zero goals: The Net Zero Utilities Observatory, which tracks the 

timeframe for their targets (e.g., 2030, 2050); type of target; current 

greenhouse gas emissions; whether they have joined the UNFCCC Race to 
Zero campaign; and the city and population served.



https://www.globalwaterintel.com/water-without-carbon



To this day, water is still not 
sufficiently integrated into climate 

policies. In the water sector priority
has been given to adaptation rather 

than climate change mitigation











The proposal for 
the revised

UWWTD 91/271/EC

+
EU TAXONOMY 

AND DNSH 
PRINCIPLE



Neethling et al (2011) Proc. WEFTEC





WATER REUSE
WATER REUSE AS A NEED

WATER REUSE AS A 
RESOURCE

WATER REUSE IN 
PRACTICE

Europe: 2.4% of the treated urban wastewater vs potentiality of 14.6%.
Italy: 4% of treated municipal wastewater vs potentiality of 24%.

• Climate changes

• Water over-abstraction (irrigation 
and domestic demand)

PRESSURES

WATER 
SCARCITY AND 
WATER STRESS

• 11% of the European 
population and 17% of its 
territory are affected

IMPACTS

Pressure reduction on freshwater sources

Substitution of water abstraction

Reduction of WWTP discharges into sensitive areas

EFFICACY OF 
WATER 
REUSE

Low investment costs, energy consumption and 
greenhouse gas emissions (e.g., vs desalination)

Nutrient content reduce the use of synthetic fertilizer

Availability not affected by weather seasonality

STRENGHT 
OF WATER 

REUSE

0%

100%

Europe Italy
Water reuse Water reuse potentiality Treated urban wastewater not reused

GOVERNANCE EU Regulation 2020/741 on “Minimum requirements for water reuse”
NEW

Water quality
Monitoring
Risk management

KEY ELEMENTS

•SYSTEM DESCRIPTION, ROLES AND 
RESPONSIBILITIES

•HAZARD IDENTIFICATION

•EXPOSURE ROUTES AND EXPOSED GROUPS

•RISK ASSESSMENT

ADDITIONAL REQUIREMENTS

• HEAVY METALS

• CECs

• MICROPLASTICS

• Others

PREVENTIVE MEASURES

• MEASURES AND CONTROL SYSTEMS

• MONITORING

• EMERGENCY AND COORDINATION PLAN

SUPPORT FOR RM

SUPPORT TOOLS FOR RA
DECISION SUPPORT TOOLS

SUPPORT FOR CONTROL

INNOVATIVE SENSORS
CONTROL SYSTEMS

DIGITALIZATION



Integrated Urban Wastewater
Management Scheme

INDUSTRIALI COMMERCIALI RESIDENZIALI

CSOPLUVIOMETRIA VASCHE LAMINAZIONE

MONITORAGGIO E CONTROLLO DEGLI APPORTI E 
DEGLI SCARICHI ALLA/DALLA RETE FOGNARIA

PIATTAFORMA INTEGRATA PER LA QUALITÀ DELLE ACQUE REFLUE

SISTEMA DI GESTIONE DELLA RETE FOGNARIA

MATCH-MAKING TRA DISPONIBILITÀ E DOMANDA 

MONITORAGGIO DEL 
FABBISOGNO IDRICO E DELLE 

CONDIZIONI DEL TERRENO

RETE DI MONITORAGGIO INTEGRATA CON SENSORI DI PROCESSO E 
SPECIFICI PER MISURA DELLA CONTAMINAZIONE BATTERICA

SISTEMA DI EARLY WARNING E DSS



Serious Game



Real-time measurement
→ Energy audit WWT

→ Real energy consumption (energy meter)

→ Carbon Footprint in-situ measurement



The player will have the opportunity to choose to 
irrigate different crops by using different 

irrigation methods. The player will compare the 
relative benefits in terms of NEXUS, 

PRODUCTIVITY' AND EFFICIENCY

WATER REUSE NO WATER REUSE

BETA VERSION (PARTE AGRO)–

PESCHIERA BORROMEO







Info for water utility: 

Mapping of water needs of 
farmers (quantity, quality, 
timing)

Info for farmers: 

- State of the soil-crop system and 
irrigation needs;

- info on the quantity and quality 
of water from the treatment 
plant and safety warnings;

- irrigation advice (e.g. best 
timing) and on the use of 
fertilizers;

- sustainability of irrigation 
practice (e.g. energy & carbon 
footprint).

Matchmaking tool



From agrivoltaic for energy efficient irrigation (H2020 MASLOWATEN) 
to agrivoltaic for energy efficient water reuse and climatic irrigation
→ HEU MISSION CLIMA PROJECT PROPOSAL CARDIMED



WATER SCARCITY AND SEWATER 
INTRUSION …

SEAWATER 

INTRUSION

Rosignano Municipality and Tuscany Region are often suffering drought and

water scarcity, that has led to specific ordinances to limit drinking water

consumption



ARETUSA urban-industrial symbiotic system

3.8 Mm3/y

2.0 Mm3/y

Unpredicted

Unacceptable quality
of wastewater

saltwater intrusion

FLOW
SPLITTER

To surface water 
body

To ARETUSA

Wastewater to reuse

Drinking water from 
industrial wells

Solvay 
Wastewater

Discharged in the sea
without any reuse

To surface water 
body

ULTIMATE PROJECT

AQASPICE PROJECT

ROSIGNANO

WWTP
ARETUSA

WWRP

SOLVAY SITE

ARETUSA LOCATION



ULTIMATE and AQUASPICE and NEXUS STRATEGY IN URBAN WATER 
CYCLE AND SOLVAY INDUSTRY

www.ultimatewater.eu

https://aquaspice.eu/

Solvay 

Chimica

Solvay’s

industrial wells

Drinking 

water

ARETUSA

Reclamation 

Plant

Chloride 

monitoring and 

control system

Industries’ 

chemical 

byproducts

Other local 

industries

Municipal 

Utilities WWTP

Transaction status:

Existing

Will be added

Pre-monitoring

system

ASA Water

utility

Ground 

water

Treated water for 

industrial use 

with low salinity

Cecina 

municipality
Rosignano

municipality

Pre-treated 

water

WAPEREUSE

Municipal

wastewater with 

high salinity

http://www.ultimatewater.eu/
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