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CASE

Flexible wastewater-freshwater
swap (Llobregat delta, Spain)

Pay Drechsel, George K. Danso and Munir A. Hanjra

Supporting case for Business Model 20

Location: Llobregat delta, Barcelona, Spain
Waste input type: Treated wastewater
Value offer: Treated wastewater for farmers to

release in times of drought freshwater
for domestic (and industrial) purposes

Organization type: Public and private
Status of El Prat WWTP operational since 2004,
organization: with several upgrades since then; Sant

Feliu WWTP operational since 2010

Scale of businesses:  Medium

Major partners: Farmers, Catalonian Water Agency (ACA),
City of Barcelona, European Union (EU)

Executive summary

This business case presents an example of integrated water resources management (IWRM) in support
of a voluntary water exchange between local farmers and the Catalonian Water Agency (ACA) in the
Llobregate River basin delta. The inter-sectoral water transfer builds on a flexible approach which
allows negotiation between the parties involved to adapt to the intensity of seasonal drought and
priority water needs. In this European Union co-funded project, the ACA treats urban wastewater to
different, reuse defined levels. The main clients are farmers who are obliged to stop using surface
water in times of drought. In exchange for accepting treated wastewater the city obtains the protected
freshwater for aquifer recharge. This is in large a social responsibility business model, which allows
on one hand (i) ACA to deliver on its water supply mandate also in times of extreme water shortage;
and on the other hand (ii) gives farmers a reliable water supply to cope with drought or to go beyond
(low revenue) rainfed farming; while (jii) the city gains in terms of drinking water, environmental health,
aquifer protection and more resilient short food supply chains. From an economic perspective, the
investment costs are marginal compared to the direct and indirect costs of a severe drought as
experienced in 2007-2008 (Martin-Ortega et al., 2012). The case also realizes an often demanded
paradigm shift where the degree of water treatment and allocation differ between types of reuse to
optimize the overall returns on investment.
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COMBINED KEY INDICATORS FOR THE EL PRAT AND SANT FELIU WWTPS (2012)

Land use: 1076 ha (maximum irrigation area potentially served)

Wastewater Up to 146MCM per year with about 20MCM for agriculture (water swap)

treated:

Capital EUR 15.12 million (treatment upgrades)

investment:

O&M: EUR 3.11 million per year (treatment); EUR 2.56 million per year (water conveyance)

Output: Among others, the possible release of up to 20MCM freshwater per year

Potential Improvements in economic development because of additional freshwater, for domestic use

social and/or and environmental flow, and reduced overexploitation and protection of the local aquifer.
environmental

impact:

Financial Payback Depending Net Present 70-115 Benefit-cost 3-5to 1
indicators (for period: on the Value million Euro ratio:

both plants volumes

assuming actually

annual water reused/

swaps; FAO swapped

2010):

Context and background

Eastern Spain has been experiencing severe droughts in its recent past and is expected to experience
even more in the coming years. To support Barcelona, the government is using multiple strategies,
including long distance transfer and seawater desalination. Another measure to reduce the water
deficit is reallocation matching water needs and water quality. Reuse of treated wastewater is part
of this approach. Already today, about 13% of Spain’s total wastewater volume is reused, which is
far above the European average’. The Lloberegat delta region presents an example of Spain’s reuse
efforts applying an IWRM approach to deal with the complexity of surface and groundwater resources
under stress within a basin cutting across rural and urban boundaries. This stress has qualitative and
quantitative dimensions. By the end of the 1980s, the Llobregat River, which runs through parts of
Barcelona was one of the most degraded rivers in Western Europe, putting increasing pressure on
water users and the aquifer (Sabater et al., 2012). Supported by the 1991 European directive on urban
wastewater treatment, a comprehensive rehabilitation programme has been implemented along the
river allowing the situation to improve dramatically.

The Llobregat River’s lower valley and delta, located in Barcelona’s province, consist of about 30 km?
of alluvial valley, up to 1 km wide, and a delta of 80 km?2. In spite of the delta’s very close proximity
to the city, it constitutes a wetland of international importance for wildlife, especially migrating birds.
Its fertile farmland supports intensive agriculture (fruits, vegetables) for the urban market, and as a
protected green belt, the delta helps restricting urban sprawl. The delta aquifer is one of the most
important fresh water resources of the Barcelona area, forming an underground source with a capacity
of 100 million cubic meters (MCM) of water,? which is however under pressure from seawater intrusion.
With an average annual precipitation in the Lloberegat delta around 620mm/yr (2015: only 346mm),
spread over two to six rainy days per month, not only the city and local industries but also the delta
farmers rely on the aquifer for supplementary irrigation, resulting increasingly in over-exploitation and
water salinization. The need to optimize water allocations across sectors was highlighted during the
severe drought of 2007-2008 in Northeast Spain, which caused very high societal, economic and
environmental cost of an estimated EUR 1605 million (Martin-Ortega et al., 2012). Aside supporting
human needs, a significant part of the EU supported effort targeted ecosystem services of the
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Llobregat River and delta by reducing water loss to the sea, and pumping it upstream over 15 km to
re-support the natural river flow.

Market environment

In a region suffering regularly from very low rainfall, access to water is fundamental to many economic
sectors, including agriculture, as well as environmental needs. Based on a participatory stakeholder
dialog, the treatment of the wastewater in the Llobregat delta follows a step-wise approach to meet
the particular water quality requirement of each reuse purpose, considering that any additional
treatment will cost extra and should only be activated on demand. Wastewater leaving the plant for
the sea undergoes secondary treatment, while for aquifer recharge tertiary treatment including reverse
osmosis can be used, while farmers demanded in addition the demineralization of the reclaimed water
as water salinity prevented them from using it. As a result, the two wastewater treatment plants (El Prat
and Sant Feliu) in the district of Baix Llobregat were designed to support directly or via water exchange
a range of demands (agriculture, environmental flow, wetland ecosystem services, seawater barrier
through managed aquifer recharge, urban water supply, recreation and industry) (Table 57).

About 20MCM/year of treated effluent from the two plants could support seasonal irrigation of up to
about 1,000 ha (Heinz et al., 2011a, 2011b). As drought conditions vary, the water exchange was set
up on voluntary base without specific quantitative targets. In general, most farmers prefer the usually
less saline river or groundwater. Only when these sources get scarce, and farmers are no longer
allowed to abstract water, reclaimed water was used. The efforts by the authorities to install additional
treatment capacity for halving the salinity level of the reclaimed water to about 1.4 millisiemens per
centimeter (mS/cm) responded directly to farmers’ water quality concerns.

The water exchange can build in this case on an efficient water distribution system, where farmers
are in relatively close proximity to the wastewater treatment system and freshwater users, limiting
upstream pumping costs of the treated water.

Macro-economic environment

The government of Spain is giving high priority to the improvement of water use efficiency across
sectors, especially in the drought affected Eastern region around Barcelona. While different coping
strategies are being implemented, inter-sectoral water transfer based on wastewater treatment for
reuse was described as the least costly option (EUR 0.34/m3) compared with desalination of sea water
(EUR0.45-1.00/m?®) and water transfer from other areas (EUR 8.38/m?) (Hernandez-Sancho et al., 2011).

TABLE 57. MULTI-PURPOSE USE POTENTIAL OF RECLAIMED WATER IN THE LLOBREGAT DELTA

EL PRAT DE LLOBREGAT SANT FELIU DE LLOBREGAT
WWTP (MCM/YR) WWTP (MCM/YR)

Agriculture 13.09 7.36

River stream flow 10.37 -

Wetlands 6.31 -

Seawater barrier 0.91 -

Municipalities - 0.11

Recreation - 0.37

Industry 5.48 -

Total 36.2 7.84

Source: Hernandez-Sancho et al., 2011.
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To assess the economics of water exchange between farmers (releasing freshwater) and cities
(providing reclaimed water) a broader perspective at watershed level is needed. The IWRM concept
offers an appropriate framework which allows to consider water-related sectors, services and their
interdependencies. The first analysis showed that water reclamation (treatment and conveyance)
costs would be more than offset by the value the exchange offers urban water supply, not to mention
the direct and indirect costs of the next prolonged drought. The macro-economic benefits will increase
with more water transferred to high-value usage. While farmers’ financial advantages are limited, the
urban water sector is best positioned to absorb the costs for the exchange (Figure 245) unless the
investment is considered an insurance against the possibility of significant loss.

FIGURE 245. WATER SWAP MODEL IN THE LLOBREGAT DELTA, SPAIN

1. Farmers are encouraged to use treated urban wastewater which also supports the local aquifer and wetland functions.
Farmers’ payments for water conveyance is being discussed but might be a disincentive while the swap costs are easier
recovered via the urban water bill.
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Source: Adapted and modified from GWI, 2009.

Business model

The business model offers multiple value propositions through need-based wastewater treatment for
different water reuse purposes. Aside the support of ecosystem services, irrigated crop production
will be an important water user in periods of drought when farmers are asked to withdraw from
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surface water use. Through freshwater savings and additional aquifer recharge, ACA can continue its
freshwater supply for the urban population. The volume of the business transaction depends on the
duration of the drought and related negotiations between ACA and farmers. While urban users would
be the main source of finance for the costs, there will be a range of environmental benefits (Figure
246). While farmers can save in pumping costs and fertilizer application, the benefits for the city are
large, and can provide the exchange with a net benefit depending on the traded water volume (see
Finances below).

Value chain and position

Table 57 shows the technically possible volumetric benefits of the exchange for different usage of
the water released by the two mentioned treatment plants in the Llobregat delta. While the numbers
show the potential, the majority of the treated wastewater is used so far to maintain or re-establish the
Llobregat River’s flow while farmers shifted to treated wastewater so far only in those periods when
there was no other (equally reliable) alternative left to maintain crop yields and/or to avoid shifting to
low value rain fed crops. The city gains in this situation by securing additional freshwater for domestic
and industrial purposes with a higher water value than what it can offer agriculture. While the exchange
is so far of voluntary nature, farmers could gain higher bargaining power and opt for a formal exchange
of water rights with other buyers once they have better information on the nature of the water
market.

Institutional environment

The main stakeholders in the project are farmers, the water company of the metropolitan area of
Barcelona, the water administrations (at regional and local level), and the environmental administration.
Because the inter-sectoral water transfer relies on farmers and the city, a cooperation and negotiation
process between farmers and the water supply company ACA was essential. Being part of the
decision-making process, has been described as an important pillar for farmers’ support of the model.

The European Water Framework Directive (WFD) and the Catalonian Water Reuse Program were key
for the development and financial support of the water swap model, and also the regulations for reuse
to be considered.

Since the swap became operational, farmers are making use of the reclaimed water, however, to a
smaller extent than what could be made available based on treatment capacity. Farmers view the
reclaimed water only as a last resort to be used when freshwater use is no longer permitted, reliable
or salinity of the freshwater exceeds the one of the reclaimed water. As each swap is a response
to a particular drought, negotiation between farmers and the water administration remain dynamic
and prevented so far contractual commitments. To increase farmers’ use of reclaimed water also
under normal seasonal water stress, there are different instruments and incentives possible which
have however to be aligned with farmers water rights (concessions), especially in view of groundwater
abstraction.

Technology and processes

By generating a reliable flow of high quality reclaimed water, the options available for integrated water
resources management have widely expanded to allow in-stream river water substitution, restoration
of natural wetland areas, agricultural irrigation and aquifer recharge to block seawater intrusion.
Those management options have been possible thanks to the implementation of an extensive water
distribution system that allows distribution of reclaimed water to a point 15 km upstream of the
reclamation facility, and to a seawater intrusion barrier within a few kilometers of the plant. The water
distribution network has 18.8 km of main pipes.
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The wastewater treatment plant of El Prat de Llobregat has been operating since 2004 and has a
capacity of up to 420,000m?®/day. It includes an activated sludge treatment process that was upgraded
in 2006 to achieve nutrient removal, using biological nitrification-denitrification, plus biological and
chemical phosphorus removal. About two-thirds of the secondary treated water is discharged into the
Mediterranean Sea, while one-third could undergo depending on demand tertiary treatment for reuse,
with a smaller part of it also reverse osmosis (RO). An additional desalination plant which is using
membranes for electrodialysis reversal (EDR), is able to produce for farmers up to 57m? of improved
irrigation water per day (18.8MCM/yr ).

FIGURE 246. BUSINESS MODEL CANVAS FOR INTER-SECTORAL WATER EXCHANGE IN SPAIN
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COST STRUCTURE E REVENUE STREAMS \'\é\
\ A

Investment cost as well as O&M costs unless Urban households pay ACA for extra (released)
the swap allows sufficient urban revenues freshwater, and farmers for high-value crops
Water conveyance and distribution cost Farmers have been asked to pay for

. water conveyance (only)
Cost of awareness campaigns

Indirect revenues (cost savings) in view of
socio-economic damage during drought from
interrupted or reduced water supply

SOCIAL & ENVIRONMENTAL COSTS i}‘}fﬁ/ SOCIAL & ENVIRONMENTAL BENEFITS \My

consumption of crops irrigated with reclaimed

Potential health impact on consumers from the Avoidance of production losses inflicted due to drought
wastewater not meeting all possible risk factors

Urban consumers continue to have
fresh fruits and vegetables

Improved water allocations for the Llobregat aquifer,
river and wetlands and related ecosystem services

Hydraulic barrier against sea water intrusion

Box 11. Treatment for nature

A third WWTP operates since 2010 on the western edge of the delta at Gava-Viladecans with
a capacity of about 28MCM/yr. The treated effluent is sent to the headwaters of the system of
canals and corridors feeding into the Murtra lagoon, with the goal of protecting water quality
in the nature reserves and preventing eutrophication. One of the lines, which treats 50% of the
total flow, has a membrane bioreactor system (MBR). This process gives high quality reclaimed
water which can be reused. However, the water is usually not used directly for irrigation, but for
stabilizing the hydrological balance and to recharge wetlands.

Funding and financial outlook

The overall project had an initial budget of EUR102 million; 85% of that amount has been covered
by European Union Cohesion Funds, through the Spanish Ministry of the Environment, and the
remaining 15% has been covered by the Catalan Water Agency. Comparing costs and benefits of
the water swap, including discounted capital costs, the projected net profit of water transfer when
considering agriculture and the city is around EUR16 million per annum (Table 58), without counting
environmental benefits. The water swap could lead to savings as well as gains for farmers and the
city. In an ideal situation, the investment of one euro in the use of reclaimed water creates an income
increase in agriculture of approximately EUR1.6 (Hernandez-Sancho et al., 2011). Farmers face less
groundwater and surface water pumping costs as well as costs of fertilizing, while they can maintain
high value crops or expand irrigation. The magnitude of the benefits increases with the duration of the
swap.

In general, the cost of the additional wastewater treatment is paid by the urban water users and the
cost of conveying irrigation water by farmers. However, with the largest share of benefits accruing at
the city level, and the fact that the system depends on farmers’ voluntary contribution, they would need

SECTION IV: WASTEWATER AS A RESOURCE



SECTION IV: WASTEWATER AS A RESOURCE

Copyright Material — Provided by Taylor & Francis

CHAPTER 17. RURAL-URBAN WATER TRADING

TABLE 58. COSTS AND BENEFITS OF WATER REUSE AT THE LLOBREGAT DELTA

CHARACTERISTICS EL PRAT SANT FELIU
Irrigated farmland (ha) 801 275
Effluent volume applicable for irrigated agriculture (MCM/yr) 13.0 7.3
ANNUAL COSTS... MILLION EURO/YR MILLION EURO/YR
Cost of new treatment units 1.09 0.08
Operation and maintenance cost of treatment 2.6 0.51

Cost of conveying effluents 0.12 0.20

Cost of conveying water released for urban use 1.43 0.81

Total cost of water reuse and exchange (A) 5.24 1.60

... AND ANNUAL BENEFITS

Value added to agriculture 0.35 0.46

Value of water exchanged for city use 14.43 8.12

Total economic benefit of water reuse and exchange (B) 14.78 8.58

Total value added of water reuse and exchange (B-A) 9.54 6.98

UNIT COSTS AND BENEFITS EUR/M? EUR/M?

Unit cost of water reuse and exchange 0.40 0.22

Unit total economic benefit for agriculture and city 1.14 1.17

Unit cost/benefit ratio 2.85 5.3

Source: Heinz et al., 2011a.

to be convinced of the value of the exchange for themselves (reliability of the water supply, savings
of pumping, nutrient value) and depending on urban needs be supported by additional incentives to
engage in the exchange. If farmers’ buy-in can be augmented, the urban benefits could be sufficiently
high to carry the exchange, also if farmers do not pay for water conveyance.

It should also be considered that aside the stigma of wastewater use, farmers expressed concerns
how the [European] market and legislations would perceive the use of reclaimed water.

Based on the first evaluation (Hernandez-Sancho et al., 2011) the water swap model started successfully
as farmers accepted the reclaimed water in times of water stress. In the first 1.5 years, 35.5MCM were
reused to re-establish the Llobregat River flow, 2.4MCM for agricultural irrigation, 4.8MCM to stabilize
wetland ecology and 0.4MCM to reduce salt water intrusion in the aquifer. Since then agricultural
reuse (and water release) remained at a similar level although details on actual volumes during the
drought of 2012 and 2015-2016 could not be accessed (Santos and Marcos, 2009).

If a sensitivity analysis were to be done, it would show that the overall NPV would be highly sensitive
to the size of released water and resulting urban water benefits (FAO, 2010), which were so far much
lower due to sufficient precipitation. Urban cost recovery remains also challenged due to low water
tariffs combined with difficulties to accurately determine the cost of wholesale water services in a
complex situation when the infrastructure is shared among different uses, e.g. regulation and transport
of raw water for populations, energy uses and irrigation (Garcia-Rubio et al., 2015).

Socio-economic, health and environmental impact
The anticipated main impact is based on the reduction of the direct and indirect costs of any
forthcoming severe drought as in 2007-2008. The exchange of water towards higher value water use
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allows economic gains for different sectors without that the overall amount of water is changing. The
project appears to succeed because farmers started to use the reclaimed water and freshwater has
been released to other sectors, such that the overall availability of water in the metropolitan area of
Barcelona has improved. The income of the farmers has increased to some extent and the availability
of reclaimed water for irrigation has been improved in times of low freshwater supply.

An interesting side-effect is that water consumption for domestic use has decreased and the water
quality of the Llobregat aquifer has improved widely. Although this was not a direct objective of the
business case, the water crisis in 2007-2008 and implementation of the inter-sectoral water exchange
and related educational efforts increased public awareness for water savings. Energy savings
associated with the reduction of pumping groundwater were quantified at around 4m kWh/yr which
translates approximately into 1,440t of CO, equivalent per year. The use of reclaimed water has also
led to cost savings in chemical fertilizers and related energy quantified as 2,170t/yr, including the
avoided use of phosphorus (Hernandez-Sancho et al., 2011).

Also an improvement in the Delta aquifer for all parameters related to seawater intrusion has been
verified (Hernandez et al., 2011), and even the wastewater which is with less treatment discarded into
the sea, still serves a purpose: brine produced at Barcelona’s Desalinization plant (which support 20%
of Barcelona with potable water) is blended with treated water from the El Prat WWTP in a ratio lower
than 1:1 before it enters the sea.

Scalability and replicability considerations

The key drivers for the success of this business model are common in many water-stressed regions

and replicable:

e Water scarcity combined with growing urban water needs made water reclamation and innovative
water allocations for reuse important and necessary for the region.

e Early stakeholder consultation leading to the adaptation of treatment quality to farmers’ needs and
their voluntary acceptance of the seasonal water swap (which can also be key risk factor as long
as the exchange remains voluntary).

e Single agency (ACA) with mandate for wastewater treatment and providing drinking water to the
city, thus providing greater flexibility and ease for negotiating with farmers on the inter-sectoral
water exchange.

e Economic analysis showed an overall positive economic balance, not counting improved
ecosystem services.

e Support from the Government of Spain and European Commission to improve inter-sectoral water
use efficiency.

Replication of the case is recommended as it represents an interesting example of the often demanded
paradigm shift (e.g. Huibers et al., 2010; Murray and Buckley, 2010) where different water uses are
matched with their required water quality, which includes that (i) wastewater treatment is designed for
the planned type of reuse; and (ii) water is allocated to the type of use which allows the highest returns
for the respective water quality. It is also a case where the IWRM framework was successfully applied
across sectors including the urban one. However, monitoring crop and water quality will be needed
to prevent that produce markets, also in other EU countries may reject crops irrigated with reclaimed
water.

For a full success of the swap, the city might prefer to plan with a released minimum water volume, while
farmers should not see the reclaimed water as additional water to increase their irrigated area, which
would prevent any release of freshwater for the city. GWI (2009) stressed that voluntary water swap
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models can be flawed due to the potentially unlimited agricultural water demand and no direct benefit
for farmers from the release of their water. Thus the swap needs regulatory support, for example in
form of seasonal surface or groundwater abstraction limits (volumes, time periods) which farmers have
to adhere to, in exchange of a reliable supply with reclaimed quality water. In the case of the Llobregat
delta, extraction from the common irrigation channels by farmers is prohibited in drought periods and,
at such times, farmers are obliged to use reclaimed wastewater from the El Prat de Llobregrat WWTP.
The same applies to the Sant Feliu de Llobregat WWTP where the limit for agricultural use of water
from the Llobregat river is 1.5m?%s, but in periods of water shortage this use is reduced to 0.8m?%/s,
and farmers are obliged to use treated wastewater or to switch to less demanding crops (FAO, 2010).

Summary assessment — SWOT analysis

In this case significant investments went into infrastructure able to produce high-quality reclaimed
water to secure farmers’ acceptance of a water swap in prolonged periods of drought. Thus the water
swap contract remained like an insurance policy flexible, given the, in large, unpredictable nature of
the extent of a possible drought period and actual need for farmers to seek alternative water sources.
Despite harsh conditions in 2007-2008, 2012 and 2015-2016, the installed infrastructure (reverse
osmosis, desalination) was so far hardly used for serving agricultural demand. Financial considerations/
limitations might have contributed to the underutilization.

FIGURE 247. SPAIN WATER SWAP SWOT ANALYSIS
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While farmers prefer to use the aquifer as their main water source, supplemented by the Llobregat
River water, they complied with the swap although to a lower extent than anticipated. Without set
targets, it is difficult to assess the difference between any intended and actual outcome or to predict
if the swap will remain an option of choice once Barcelona can rely on sea water desalinization. This
also poses questions how far the presented cost-benefit analysis (e.g. FAO, 2010; Heinz et al., 20113,
2011b; Hernandez-Sancho et al., 2011) for a regular water exchange remains valid. On the other
hand, in view of the possible damage an extended drought period could cause, any of the current
investments in risk mitigation (water swap, desalination, water transfer) would have significantly higher
returns on investments already with the next drought (Martin-Ortega et al., 2012).

Figure 247 presents the SWOT analysis for water exchange in Llobregate. As the success of the water
exchange depends mostly on farmers’ willingness to accept reclaimed water, while stopping the use
of other sources, tax and/or regulatory incentives should be discussed in support of the process. For
a detailed risk analysis see FAO (2010).
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