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1. Executive Summary

Arid, semiarid, and suhumid regions constitute 75% of the total area of Argentina, the
country with the largest extension of dry regions in LA&These regions are inhabited by
close to a quarter of the country population and produce around 50% of total agricultural and
livestock products, mainly in irrigated valleys. Within Argentina, Catamarca, La Rioja, San
Juan, Mendoza, éuquén and Rio Negmoovinces have large extensions of dry areas and will

be affected by climatic variability phenomena through a reduction in snow precipitation in the
High Andes, mainly due to El Nifio Southern Oscillation. Climate Change will also have its
effects throughincreased evapotranspiration and water requirements. Though most of the
population inhabits urban areas, there is still a significant number of rural inhabitants living
on subsistence economies based on cattle breeding activities and small scale agricultur
Water resources are already scarce and severely limit the production alternatives and health of
the poor rural population, constituting a huge barrier for improving income levels. Climatic
scenarios indicate that this trend will probably worsen in cgmears, transforming sporadic
drought events in permanent ones.

The water services regulatory framework seems to be unprepared to cope with the trend in
water availability. Effectively, in spite of water scarcity, water efficient technologies are not
fully supported and disseminated, salinization and erosion have reached significant levels, and
integrated management of water resources is burdened by the provincial nature of water
resource management. A multitude of provincial stakeholders have competienater
issues, making difficult the adoption and implementation of measures at regional level. Poor
rural inhabitants are in a still more difficult situation to cope with the changes that are
required to sustain their livelihoods. This population i®mftelegated to the poorest areas,
with lower access to groundwater resources and water infrastructure investment. In spite of
their potential importance for the rural population, knowledge on underground water
resources is still limited, and their exphdibn requires significant investment, which
generally lies beyond the economic capacity of rural communities.

Thus, the vulnerability of arid and semniid regions to climatic variability depends on the
complex interaction of natural and anthropogenatdes that reinforce each other, the latter
playing a very important role. Due to this reason, the adaptation to this issue requires the
coordinated adoption of a set of actions in very different areas, including those aimed at
guaranteeing the access tater resources. In the same context, renewable energies could
play a role in the mitigation of this problem under some specific circumstances, but they do
not guarantee a successful outcome on their own. Given the anthropogenic component of
these phenomenshe measures that could be adopted to improve the management of water
and soil resources are of equal or higher relevance than those aimed at guaranteeing adequate
access to water resources.

Some of the dry regions analyzed depend almost exclusively froderground water
resources to satisfy current water requirements (Barros, 1997). More than 95% of water
resources in La Rioja Province are underground resources. Thus, the potential influence of
climate change over access to underground water rescagcemes the key issue for these
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regions. Additionally, underground water supply schemes seem to be better adapted to cope
with increased water stress situations, even more if they are linked to high volume storage
facilities.

However, both renewable ambnrenewable water supply systems could be affected by a
decreased availability of underground water due to salinization, pollution or water level
depression, linked or not to climate change. These effects are becoming more common and
indicate the need texploit deeper aquifers. Under these situations both types of energy
systems face increased costs and technical challenges to solve water availability problems.
Also, reliability and energy security problems are not exclusive of conventional energy
systens. Effectively, renewable systems could also be affected by these problems and require
significant planning and support schemes to prevent most of them and ensure long term
sustainability, as indicated by case studies (Michacheo and Catamarca) andlPagndi,

Under some situations, renewable energy systems seem to offer a cheaper and more reliable
alternative to conventional systems when pumping water from underwater sources in isolated
locations. However, renewable energy systems could also showilmstéd cope with some
situations posed by climatic variability when pumping head and/or water volume
requirements are large or highly seasonal (e.g. for crop irrigation). For example, photovoltaic
pumping systems are not available for high head welldléov rates above 4m3/day. In
particular, under high water demand levels the depression of water level in wells could lead to
diesel becoming a more cost effective option than PV pumping (EmCom, 2006). Thus,
medium to large productive activities usually deg on conventional technology options

(grid, diesel).

In summary, an adequate adaptation strategy to climate change induced water stress should go
beyond the specific technology used to pump water and include measures such as: diversify
water supply sawes, increase water storage facilities, and implement efficient and rational
water use. This in turn requires adequate planning that takes into account the potential
climatic scenarios when designing/modifying water supply schemes. Finally, there are also
significant differences among renewable energy systems in terms of cost, O&M requirements,
power available, social acceptance, that should be considered when selecting a technology. In
broad terms it could be said that the preferred order among renespdbles in the analyzed

area would be: hydro, wind, solar. However, resources availability is the key factor to make
the final selection between these three resources, and usually leads to excluding hydro from
the list in dry areas.

Some conclusions frothe diagnosis:

o0 The dry regions under study seem to be particularly sensible to the increased climatic
variability that would occur in the coming decades. These changes will probably
aggravate the existing water stress problem, transforming sporadicsaukitions
into a common condition.

o In the Cuyo valleys region, the ENSO phenomenon seems to be the key aspect that
restrains both surface and underground water availability through the reduction of
snowfalls in the high Andes. It is still not clear iniallhway Climate Change could
affect ENSO, but it is probable that it will contribute to the worsening of arid
conditions through the increase in evapotranspiration.

Fundacién Bariloche 9
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o Climatic variability and the potential effects of Climate Change over it is only one of
themany issues that lead to water availability problems in arid andagniegions,
others being related to water infrastructure, water management and use.

o Though the region has suffered extreme hydrological events, it has not yet
implemented rational a@hefficient water use measures in a complete, integrated and
systematic way. In particular, small rural productive units still use traditional irrigation
methods (mainly gravitational). The adaptation of these regions to the growing water
stress will requie significant investments in new infrastructure and financing capacity.
These are generally beyond the possibilities of individuals and should be supported by
the State. The investment required also goes beyond the implementation of renewable
energy watepumping systems, comprising also storage and distribution infrastructure
as well as technologies that allow more efficient water use and can protect adequately
both the soil and its natural cover.

o It is unlikely that the conditions for the adequate imm@amtion of an adaptation
strategy could be created without an active State-teng intervention and support,
and based on the strengthening of productive activities adapted to each region. In this
sense, the redesign of productive activities and theramalization of higher market
value products that are better adapted to dry conditions than traditional products, and
the manufacture of high added value ones may constitute and interesting strategy to
cope with the reduction in productivity associatathwlecreased water availability.

0 Young people migration phenomenon is already present in some of these regions due
to harsh conditions, isolation and low quality of life compared to urban areas. Energy
has a key role to improve living conditions and redusolation perception
(recreational and social uses of energy). Where adequate water resources are available,
the adoption of other measures to reduce vulnerability and migration risk is also
highly recommended (e.g. small forestation projects for firelvomdder and
windbreak in areas where biomass is usually scarce; solar water heating).

o Regulatory framework and water policies in some provinces seem to be inadequate for
dealing with increased water stress situations in the coming decades. Partithaarly,
implementation of rational water use practices and efficient technologies is not fully
enforced and sygorted by adequate incentives. This may be due to lack of human
resources and of adequate budget for implementation, but also to fragmentation and
deficiencies in the integrated management of water resources between several
institutions and sectors.

o A couple of well developed water management schemes are found in the Negro
Neuquénand Limay River basin anth Mendoza water resources?®o
are interesting organizational regulatory examples for shared resources management,
based on the participation of irrigation users. Nevertheless, some doubts remain
related to the broad community access to these participative schemes, remarkably
small agiculture productive units located far from the main river basins.

o The water stressituation aggravates in marginally productive areas surrounding the
so called AOasi s. €dormmicpesqorraels artd iwbich iswott h | «
comprised by long term delopment policies is usually displaced towards these ,areas
creating high vulnerability conditions, while large agricultural producers have a
privileged access to the best productive areas in the oasis As a consequence, small
producers face an unfair digtmtion of water infrastructure investment which limits
access to adequate water resources for irrigated agriculture.
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An adequate management of pumping systems, boreholes, and pumping schedule
could play a significant role in preventing a lowering in watble level and the
salinization of boreholes. This in turn could enhance the opportunities of
dissemination of PV pumping

Information available is still scarce and fragmented. The sole identification of the
current status of rural communities in relatito water availability and uses poses a
challenge since the main information sources are outdated and limited in extent. More
information is available on water and energy resources at provincial level, but with
important gaps in monitoring infrastructus®@l exist.

At least three other conditions alendamentalfor an adequate implementation of
adaptation strategies: an advanced degree of community organization and
commitment; capacity development for the implementation and use of the new
technologiesand support of productive activities consistent with the water resource
available (land use planning).

The complexity of the problem situation requires for the intervention of many
knowledge areas and their corresponding institutions. However, defiddncieter
institutional coordination can lead to the overlapping of sporadic initiatives and
population lack of commitment, and to projects lacking key components and prone to
failure.

The long term productive sustainability of these regions depend® @utiption of an
adaptation strategy that incorporates all these elements in a coherent way.

In relation to the use of renewable energy resowandgechnologies

o

Many small rural producers in these dry areas have historically settled in places where
there existed surface aquifers or shallow underground water resources that are
disappearing due to climatic variability. In these cases renewable energies could offer
a suitable pumping option for some uses (e.g. Savonius locally made windmills, PV,
or smal WEC).

In other dry areas where the lack of surface aquifers prevents productive activities,
exploiting underground water resources is a key component of development. In those
places where water volume and depth are suitable, renewable energies coald play
significant role.

Isolated RE could also have a key role to improve energization levels in rural areas,
increasing life quality conditions, making possible small productive activities, and
reducing ruralurban migratior(e.g. PV and small WEC for prodixe and recreation

uses, SWH, solar driers, thermoelectric generators with biomass, windmills for
mechanical energy, etc.).

There exists some small scale and fragmented experience accumulated since the 80°s
in the use of renewable energy systems for impgthe access to water resources in
these areas. Results have been variable, but in general they have led to an
improvement in access, though problems have manifested in the adoption and long
term implementation of the new technologies.

RE pumping projes tend to have a high investment cost (particularly PV), which
requires the participation of a financing institution or a donor in the project. These
specific project requirements are usually beyond the administration activities and
knowledge of local aubrities.
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o The implementation of water supply initiatives based on renewable energies still rely
on the dissemination and technical support provided by research centers working in
each region (Universities, INTI, INTA, etc.). No widespread knowledge idainai
on these options among local planners. Renewable options tend to be adopted when
conventional options are excluded, mainly due to cost or fuel supply issues.

o0 Isolated renewable energy based pumping systems seem to require more technical
support (longterm) and capacity development of the local community than diesel
systems.

o Conventional systems tend to have a better local support infrastructure, and more
knowledge is locally available on this technology than on renewable energy systems.
Accordingly, maintenance time may be longer for renewable energies (spare parts
supply, human resources availability), which constitutes a serious problem when
dealing with water supply

o When feasible, the extension of the power grid should be the first option to assess
given its advantages in terms of energization of productive activities, and water
pumping and distribution. In this context, grid connected renewable energies could
help support weak networks, reduce electricity costs and specific emissions, and
increasethe reliability and power available. This requires a high renewable resource
potential in an area close to the transmission grid that is not saturated.

0 Renewable energy alternativesuld also be a firsstep towards electrification,
followed by interconnetion to the grid. This is a relevant role as it involves a first
improvement in life quality, which can be reinforced later ldawever, it could also
postpone interconnection plans.

o For highly isolated communities, the availability of renewable energurees close
to the users usually restricts the range of pumping options. In some arid and semiarid
areas, solar is sometimes the only renewable resource available with adequate
distribution along the year.

o For isolated applicationsnder specific circustances conventional pumping systems
could offer certain advantages over solar pumping (e.g. suitable for high hydraulic
loads and variable water demamgkll-knowntechnology). In these situations it could
be advisable to combine both systems into a kykgistem. This has the added
advantage of not depending on a single pumping technology or on a single borehole.

o IsolatedPV pumping could offer a technical solution for very small rural productive
units with no previous pumping system or replacing masysiems, or for human
water supplyn communities with even water demand along the year. In this sense, PV
pumping could constitute an intermediate step between precarious low volume water
supply systems and hybrid or diesel pumping systems more suitatheetiium to
large scale productive units.

0 Any water supply system requires plans to ensure provision during maintenance
periods, particularly during water stress and/or high demand periods. This may require
the installation of hybrid systems, the availdpiof large storage capacity, and the
perforation of at least two productive boreholes per community.

Based on this diagnosis and on case studiasnanary of barriers to the use of renewable
energies for water supply in dry areas be presented:

Fundacién Bariloche 12



FB/IDRC Clean Energy and Water: an Assessment of Services for Adaptation to Climate Change i Final Report

General framework

Lack of interinstitutional and sectorial coordination. Integrated planning

Institutional weakness, Inadequate control, investment, and/or implementation of water services and

Inadequate regulatory framework (e.g. to cope witthatic variability)

Lack of adequate information

Exclusion of rural poor population from development model

More or less independent of pumping technology (includinREs, diesel and EE)

Low payment capacity. Subsistence economies

Low Community organizi#on level / resourcedJser conflicts

WINPT oA W R

Restricted access to underground water resoultkzgdr level depressiopdrtly associated to inadequate
management of pumping infrastructaned climatic variability

Restricted availability of water resourcescieased erosion.

Unsustainable water use / Increased water requirements (partly due to increased evapotranspiration

Salinization of wateresourcegassociated to inadequate management of pumping infrastructure)

Njo|a ks

Requirements fomvestment irassociagdinfrastructure (e.g. trickle irrigationwater storage and
distribution, and technologies allowing more efficient water use).

8. Limited knowledge on community characteristics, resources and water requirements

More specific to Renewable Energy options

c. Isolated systems (e.g. staradone PV d. Large scale- Grid connected (e.g. Arauco wind
Catamarca) farm)

1. Technical limitations in water volume and/or hej 1. Large scale projectssociated with good power
restricts their use under some conditions and fc availability and low costs may reach unsustaing
productive activities, particularly for irrigation water use levels if not properly designed

2. High investment cost (pumping system and

2. High investment cost
storage)

3. Weak O&M infrastructure / long term technical

support. Risk of extended dovime periods Limited extent of EE T&D infrastructure.

4. Good quality renewable energy resources shou
4. Renewable energy resources need to be availa be available close to the transmission grid.

close to the users. Resourceajuality requirement is higher than for
small scale projects.

5. Knowledge and perception about the performar
and suitability of the technology is limited amon
local planners.

Strategic outlines are proposed to cope with each of these barriers. Ameomgst relevant
strategic outlines and instruments are thoseedinat improving the knowledge on
underground water resources, improving the coordination among institutions, assigning
adequate funds and human resources to the development of water iafjagtyucture for

rural inhabitants and small producers, supporting the rational and efficient use of water
resources, promoting productive activities consistent with water resources availahigrand
value products, promoting land use planning, updatingifying regulatory frameworks,
supporting capacity development at all levels, improving information available on
requirements and resources, promoting R&D&D on technology options, assigning investment
in more equitable way, improving pumping systemdiabdity and technical support
network.
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Considering that subsistence economies that characterize rural poor population constitutes one
of the main barriers toheir development, and that productivity will be affected by drier
conditions, a main objectivef an adaptation strategy involves achieving an increase in
income through a redefinition of productive activities. In a first stage this can be done by
adding value to existingnimal and plant products, while in a second stage it could involve
the prodetion of higher market value products better adapted to drier growing conditions. In
both cases a significant support is needed in terms of R&D, capacity development and market
access.

Given the intrinsic complexity of water issues in Argentina, andamiqular those affecting
rural population, a strategy is needed to provide viability to the implementation of strategic
outlines. This strategy is based on three main pillars:

e Create political willand arenabling framework to deal with the required aies

e Secure the required funds and resources for implementation

e Guarantee the coordination and commitment of participating institutions in the design,
implementation and long term folleup stagesof a national strategy with regional
components

The particpation of society providing public support, building a technical proposal, and in the
follow-up of this process is desirable.

The strategy to cope with increased water stress due to climatic variability outlined in this
work could beextrapolated to othe regions of LA, but not without significant restrictions.

Similar problem situations due to climatic variability and social vulnerability exist in:

Inner Northeast Brazil

Perd’s Highlands

Bolivia Altiplano, Northern Chile and Argentina (Puna)
Chaco (Peaguay)

Northern México

These regions present both similarities and important differences with Argentina’s case
studies. Among the latter we can mention social and cultural traits and water regulatory and
institutional frameworks.

The methodological stegfollowed in this work allow the eventual replication of the proposed
guidelines and actions to similar problem situations. OnceetBgantelements are identified
(section 2.3 and patrticularly table 2.2gdssiblealternatives regarding the role ofezgy for
water supply in the context of increased climate variability could be eval(stiadegic
outlinescontained in tables 3.1 to 3.4)

Summarizing, isolated renewable energy systems have a role to play to improve access to
underground water reso@s, particularly when those resources are not too deep and for uses
that do not require large volumes or have a large seasonal variation. Interconnected renewable
energies could also play a significant role, with the added advantage of the power levels
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involved. However, RE for water supply should be considered as one set of technical options
in the framework of a complex development problem and a wider strategy that involves many
components covering regulatory, institutional, social, economic and teclssiges. All these
iIssues must be tackled in a coherent way with the active long term support and participation
of the National and Provincial State.

Finally, the main areas of research that link renewable energies and water issues in the
framework of anncreasing water stress duediimatic variability are listed below, specific
ideas are included as footnotes, when relevatigh and mediunpriority levels for research

and investmentvere assigned following diverse criteria ligepulation benefitedjncertainty

level, providing an answer to a growing problem, the impact on key productive activities, and
the development of capacitjeenong others

High priority research subjects:

1. Assessment of hydrological balance of samd regions. Assessmentf o
evapotranspiration adapted to local conditions and taking into account wind effect
(ETP models were developed for bio geophysical areas which are quite different
from those under study in the present project).

2. Improve underground water resources knowdedgavailability, quality,

deficiencies, yields, recharge processes, etc.) Integrate dispersed and fragmented

geological, geophysical and hydrological information

Improve the degree of snow precipitation predictions over the high Andes

Prediction of theegional impact of ENSO on temperature and precipitation.

Improve knowledge on water requirements and use pracioés of social and

cul tur al factors + mot hoef eawma leunaetrigoyn taencdn

services.

6. Water Resources administiat, how to secure access for all and allocation
among competitive uses of water? Role for long term State intervention and
support within the adaptation strategy by strengthening of productive activities at
the regional level.

7. Harmonization between the u@ now disjoint water and energy policies.
Research on ways to implemenh an efficient way regulatory frameworks and
rules. Particularly identification of existing or potential conflicts between water
and energy ruling (policies and regulation).

8. Peform a survey of boreholes status in s@®sert region (water quality,
dynamic head, sustainable yield)

9. Land use planning and water management schemes based on climatic scenarios.
Productive structure adaptatfon

ok ow

'Observed and projected groundwater and river water o
origins isconsidered highly desirable. There is particular interest (and some research already done) in regards to
mining ativities, some national universitigsLa Plata and Buenos Airesand River Basirauthorities will

probably be interested.

 The emphasis heris at the community/regional level, but the Research Topic of identifying the water energy
footprint of productive activity is also suitable. However, the approach to this footprint assessment should not
imply the creation of commercial barriers to theveloping world products in general. A possible strategy for

avoiding this, consist in analyzing current situation and from there onwards research how to improve such a
footprint. Some work is already been carried on by FLACSO/San Andrés Universityn Batentina.

Fundacién Bariloche 15



FB/IDRC Clean Energy and Water: an Assessment of Services for Adaptation to Climate Change i Final Report

10. Research on vegetable and animal vemsetsuitable for serarid regions.
Productive reconversion. High value products

11. Development of cost effective PV pumping options for high hydraulic loads and
higher depths. Technology gap between 120 and 200m.

12. Development of cheaper and lighter drilliaggd underground water resources
survey equipment for deep resourtes

13. Potential for the energization of productive and residential requirements with
isolated RE systems (e.g. clothes and leather washing and tanning using wind
energy, thermoelectric geneved coupled with biomass stoves, low cost food
refrigeration using solar energy)

14. Water and energy rational use and efficient technologek strategieadapted
for these regions. Cheaper large capacity water storage dptions

Medium priority research $jects:

15. Survey of climatic and hydrologic measurement stations, and assessment of
infrastructure and upgrading needs

16. Assessment of potential for the development of alternative productive activities
(e.g. ecotourism, hydrotherapy, water commercializatiath vinigh fluorine
levels).

17. Development of regional and swbgional models that could allow a better
estimation of climatic trends and hydrology at local level (current models run at
global scale). An example of a regional model under development is tie MC
CIMA.

18. Research on the links between ENSO and Climate change phenomenon

19. Aquiculture development using high salinity water resources. Species
identification.

20. Development of GIS adapted for monitoring hydrological conditions

%A concrete action with the participation of municipa
implementation strategy for improving water access. More specifically, both capacity building and equipment
acquisition/purchasis required for excavating wells (or deepening existing ones) in order to find more water for

those producers whossguadas(natural rain water reservoir) are getting dry. Renewable energy for pumping

will be required along this transition froaguadago excavate wells. This action requires previous identification

of the relevant stakeholders.

* Regarding basin level water management and National level energy policy, there is an interesting work done by

the AIC, developing a forestation strategy for floocdntrol. Such a strategy can be useful to some other
regionally relevant river basins (Comallo Valley with a poor native community in its headwaters).
http://www.aic.gov.ar/aic/publicémnes/ CUENCA_NQN.pdf
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2. Description of problem situations and diagnosis

This section is ésed on the assessment of case studies and regional climatic scdharios.
includes a description of the general framework and makes focus on the use of renewable
energy technologies (RETS) for water supply.

The main case studies anagain the present documeate:

¢ Photovoltaic pumpig from deep wells in Catamarca
¢ Small wind turbine pumpinfpr isolated producers in ComahuNeuquén
e Grid connected higipowerwind turbines for irrigation in La Rioja

In thislast case, the large wind power capacity allows irrigation to take plac@reviously

weak grid aredocaed close to the enaf the national electricity systensome climatic
scenarios arpresented andiscussed for the Comahue as a maegon.As work structue,

the three case studies ateveloped, but instead of putting the main focushentechnology,

the analysis idbased on the characteristics of the communities suitable for implementation,
based on actual examples and some hypothesis. Kegsisae the level of community
organization and existing infrastructure, productive activities and required expertise, and their
links to technology.

Constraints and dfficulties found during the assessment

The relevant regionnder studywasredefinedin order to take advantage of the best available
guantitative data. Thus, the provinces analyardploying quantdtive indicators whenever
possible)are Catamarca, La Rioja, San Juan, Mendoza and Neuquén, accountiré§ofar

the Argentine territory, ahcovering alarge fraction of the aridsemiaridand subhumid
regions of the countrywhich comprise 75% of the countfyigure 2.B). Whenever possible,
Rio Negro province is also taken into account in the diagnosis.

Figure 2.1 Main dry areas of Argentina affected by climatic variability
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Source: own elaboration
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Among the main constraints faced during the assessment are worth mentioning:

e Scarcity of specific data.

e Very little documented experience in the region for idgmtg typical costs,
implementation efforts, and barriers in general.

e The profile of analyzed projects reveals a strong relevance of local and provincial
support and involvement. This medngeemarkably for the implementation stagthat
each case is uniguland makes it difficult to elaborate generalized conclusions.

The main strategy for solving the mentioned data issues was to propose from the very
beginning a flexible descriptive and analytical methodology, that allows finding a solution

i in terms ofstrategic guidelines and actionsor the complex, complete and detailed
problem situation that is faced.

This general strategy was complemented byaasessment of relevant technologies
(solutions at i'ts most s pe ¢ byfwhich thle specit ) f ol
advantages and features of the renewable option is linkedheittequirementsavailable

resources, local situation, etc. Finally, some indicators are used to judge the feasibility of

the options

Other issuesvere a challenge tthe assessmentke the severalinstitutions from many
fields that were involved in water issyesg.g. agriculture and livestock, water and
sanitation, energy planning, renewablelustries andenterprises, acial development
entities, ural developmenagencies, among others. Allocating more time than initially
estimated and relying on interdisciplinary work and consultatlmwedovercomingthis
barrier.

When the contents of the work were planned,abjective was to strengthehe analysis

with geo-referred mapping. Some undergoing activities like the Wisdom Project for
Argentina® where FAO, the INTA, the Agriculture Ministry and othaublic entities are
working together, made us think that it would be possible to present the different
dimensionof the problem situation witthis versatile tool. Among them: main electricity
grid map, with T&D detail;rural settlements an@overty areas; irrigated agriculture
zones; andenewable energsesourceslata However, \ery little detailed informatiorand

data baseander GIS formatvere obtainedUseful information is not easily availahie
Argenting mainly due to culturatraits, the strategic value of some informatiand a
perception of other stakeholders as potential competNagertheless, whewriting this

final version, some interesting and promissory GIS information was available at the
official Energy Secretariat websiteThis sort of tool might feed future work with more
specific information in form of muliayers maps.

® http://www.fao.org/docrep/011/i0900s/i0900s00.htm
®http://sig.se.gob.ar/visor/visorsig.php?layers=e9727e811f4fefc87367b8a310c2f6al,dbald3a66c795c64fe7beell
52dbb976,fd4ffe16e75056504157dd35fa8e67d7,7c15f1e0fb59202eb80f6688828
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2.1 Socioeonomic context

Population characterization

The rur al popul ation in thi s’saitlerswithindigenbus d e s
origin (mainly Mapuches), and descendants from the first migration movements towards this
region that took pleeatthe beginning of the XX century.

According to the national census of year Z)ate rural populatioin Argentina(including

both grouped and dispersed inhabitants) represel#s of total populationPreliminary

results from the agricultural cersuarried out on year 2008 indicate a reduction of the
number of agricultural and livestock exploitations and an increase in their average area in
relation to year 2002. This seems to point towards a larger concentration in land tenure and a
migrationpheromenorntowards urban areas.

The characterization of relevant rural population and its evolution can be detailed using two
full data periods 1991 and 2001. For the 2010 Census, only aggregated data is available,
thus an extrapolation of the 192001 peiod variation was performed for the four relevant
categorie$

Figure 2.2 Urban-Rural Population in Catamarca, La Rioja, San Juan, Mendoza,
Rio Negro and Neuquén (thousands inhabitants)

B Urban (1) = Rural (2) grouped scattered
3500 + 3161 3623
3000 T 2616
2500 +
2000 +
1500 +
1000 + 682

500 +

0 242I
1991 2001 2010

Source: own elaboration from INDEC data
Note (1): Urban populatiois defined as inhabitants living in villages of 2000 people or more

" Descendants fromuEopean migrants born in America
82001 National Censubttp://www.indec.gov.ar/webcenso/provincias_2/provincias. &jta from the last
national poplation census carried out on 2010 were not available when the report was being written.

° Specifically, the 1991/2001 accumulated annual increase rates for rural (and rural scattered) population
variation by province was replicated for 2001/2010. Therabyopulation (and rural grouped) was defined as
difference
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Note (2): Rural population is classified as grouped in villages of less than 2000 inhabitants or
scattered along the rural areas.

As an aggregate region, the reduction of the ruralifrads evident, even in absolute terms;
while the figure of rural scattered inhabitants tend to decrease and rural grouped tend to
increase. If the analysis is performed on a province basis, some differences arise. In La Rioja
and Catamarca, scattered plgpion clearly overtook grouped inhabitants, the opposite
happens in the rest of the analyzed provinces (reflecting only-20®1 data, as 2010 detail

is not available yet).

Migration and settlement patterns

Most of the population migrates towards mdensely populated rural areas or larger cities.
Migration patterns, mainly involving women and kids, aretorized by the lack of adequate
opportunities for the young population in the rural area (e.g. primary and secondary
education). Men remain in thélds and visit their families in towns and cities or receive
them during holidays. The finautcome of this process f&lds inhabited by growsup
couples without kids, since the young population that experience urban life rarely returns to
the rural aea.

Unfortunately data on these issues is scarce. As an illustration, the male fraction of Mendoza
province, the most relevant jurisdiction in terms of rural inhabitants, reached 47.9% among
urban inhabitants, while the respective share for the scatt@wddnhabitants increases up to
52.1%, always by year 2001.

Cultural and social organization traits

Rur al families are generally grouped into v
without defined boundaries and close to primary schools. alRohabitants are devoted

mostly to cattle raising activities (mainkheepand goats), and grouped into produbers
cooperatives in order to obtain better conditions for the sale of their production and for buying

food and other materials. Itisalsocoom t o find in each HfAparajeo
representative and a sanitary outpost with communication links with regional hospitals via a

high frequency radio network.

Land tenure

Land tenure is supported in many casesitteydeeds, though pradous land rights are more
frequent since rural settlers use to occupy land that belongs to the State. The appropriation of
land byneighbas, usually in anillegal way, is facilitated by two facts: the lack of a clear
provincial government policy towardhose who may inherit property rights when the
original settlers die; and the lack of interest by the descendants.

There also exist areas of degraded land and lower economic value that are occupied by
indigenous commutes. A community is charactead by many families, each one
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maintaining a piece of land assigned by historical tenure rights, but with no right to sell the
land.

A first legal classification of land tenure status distinguishes between rural productive units
with and without defined boumdies. In 1988, those with undefined boundaries were
estimated as a 27% of the total at national level. These lands present problems from the point
of view of land tenure since land boundaries are not specified in land titles.

A second relevant classifition of land tenure status is as follofs

A Standardpropertyrights Personal or familiar property, or under death duty legal
process. This situatiomplies the existence & valid title deed oa situation where
complete possession is exerted, ewdren the owner does not possess the final legal
instruments. This category includes: personal property, familiar property, undivided
state

AUnder agriculturaleasecontracts Oral or written contract tharovides rights of use

over land.The retributim couldbe a fraction of the production and if it lasts more than
threeyear s it is called AAparcer2ao. | f it
A Acidentad contract.

AOccupation Precarious land use wittotitle deedor contractT hi s canf det ¢ a
or with the owner’s permission. The occupation of fiscal land is the most common
example of this category.

ACommunity land. Derives from a colonial land tenure statirere a fraction of the
territory was granted to the subjects of the Spairgdam. These landare not

covered by proper regulatioiTransaction operations involving these lands are
performed between persons that have documents with diverse legal validity

( A Der e c Withis these [ands there are also de facto occupation sitgaéind

also with permission.

AOther. Categories not specified elsewhere.

In the region under study (Catamarca, La Rioja, San Juan, Mendoza and Neuquén provinces)
1 land tenuretsatus is as shown in figures 2.3 and.2.4

10 (Gonzalez, 2000)
! Rio Negro province is included when convenient, as it belongs to the studied river basin, but some large scale

features of the agriculture exploitation along valleys canaatdmpared and integrated to the rural areas under
analysis.
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Figure 2.3 Rural productive units with defined boundaries by land tenure
category in Catamarca, La Rioja, San Juan, Mendoza and Neuquén (Thousand
Hectares and %)

56, 1%
287, 2%

u Property u Leasing
Occupation with permission m De facto occupation
m Other

Source: own elaboration based(@NA, 2002

Figure 2.4 Rural productive units without defined boundaries by land tenure
category in Catamarca, La Rioja, San Juan, Mendoza and Neuquén (Number
and % of EAP)

814 444 231
2,287 4% 2%

OlLeasing B Aparceria
B Occupation with permission @ De facto occupation
B Derechoso B0ther

Source: own elaboration based(@NA, 2002

Within this complex land tenure framework, there exist many problematic situations. The
main ones are those relate toccupation of fiscal land, occupation of private land,
community lands, precarious land tenure, indigenous communities lands, lands under death
duty process and other special cases such as poor producers in protected natural areas.

It is also relevant tmote that there exists a land concentration process in the whole country
that is exemplified in the following figures. These figust®w quantity and area of rural
productive units for the region under study, distinguishing between small units and thfe res
the units.
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Figure 2.5 Land occupied by rural productive units by unit size in Catamarca,
La Rioja, San Juan, Mendoza and Neuquén (% land)

@Small EAP @ Other EAP

Source: own elaboration based(@NA, 2002

Figure 2.6 Relative number of rural productive units by unit size in Catamarca,
La Rioja, San Juan, Mendoza and Neuquén (% EAP)

@Small EAP @ Other EAP

Source: own elaboration based(@NA, 2002

This increasing concentration process exemplified through agricultural census data from 2002
to 2008, not only shows a reduction in the qitgrdf rural productive units, but also the
expansion of the area under production. In many cases this last phenomenon is carried out by
advancing the agricultural frontier towards native forest areas.
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Figure 2.7 Evolution of the area occupied by rural productive units in
Catamarca, La Rioja, San Juan, Mendoza and Neuquén (million Hectares)
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Source: own elaboration based(@NA, 2002 and(CNA, 2008

Figure 2.8 Evolution of the number of rural productive units in Catamarca, La
Rioja, San Juan, Mendoza and Neuquén
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Source: own elaboration based(@NA, 2002 and(CNA, 2008

These figures show a trend towards increased averagefsiaeal productive units due to a
concentration phenomenon in land tenure.

Poverty and indigence levels. Income lelse

Only scattered data is available on rural poverty and indigence levels in Argdntina.
Neuquénprovinceit is possible to identify a relevant target group @&f09 households. This
figure is composed by scattered rural inhabitants, willing to acdegtrieity servicesusing
renewable technologie®r other means). This was identified by a PV electrisiypply
feasibility study, done under the PERMER Project by 200Bheefore, from the survey

12 Energy Secretariat, Permer Project, Electricity supply of rural scattered population by renewable energy
Feasibility Study, Neuguén Province. 2006
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developed in the framework of tharoject it is possild to present some features tbe
relevant and representative population:

The average household is composed by 4.6 people, 97% of interviewed live all year in the
rural area. The maintenance of houses is good in 61% of the cases. 85% of interviewed has
finished primary schdstudies- only 9% has finishedecondary school.

The average distance to the main / access roabisid29Km (in coincidence with average
distance to the electricity grid) and to the closer town is 40Km (extreme values being 1 and
115 Km).

The main economic activity isxtensive livestockarsing, mainly sheep and go&requently
- 96% of surveyed families not only the head of the household works in this activity, but
also his/her partner, sons or other family merab@&nergySecretariat, 2006).

The average monthly income was $402 (LBD) and can be decomposed into a fixed sum

of $161 and a temporary or season related sum of $394. While the temporary income is
featured by higher uncertainty levels, originated in animalsssdliring 2 or 3 months or

i c hangas osporadicaand infagmal day jobs. Remarkal@l§% of the interviewed
receive the most extended social plan of Arg

The energy consumption profile of these households cachbeacterized bya typical
liquefied gas lamp for lighting and a battery radio for communicati@3% of the
interviewedhad one of these lamps afii% a radio The $73 average expenditure in these
services implies 18% of their income. Regarding productiges, 96% of surveyed
householdsare interested in having electricity also for productive uses like workshops and
poultry breeding.

A similar but smaller study was conducted in San Juan province (Energy Secretariat, 2006);
some figures illustrate the éfencesand similarities with the Neuguoéstudy. Remarkably,

while the number of rural scattered households lacking EE in the later reaches 63.5% (study
figures dividedby national censudataof 2001), in San Juan it would only be around'3%
Interestngly, the San Juan survey inquired for the expectations to have access to electricity
for productive uses and for water supply (pumping). In this case the survey wasatithe
identification of bothexisting requirements (in order to replace currentcsiby electricity

from PV) as well as additional energy services of interest by interviewed.

It is concluded that the basic energy requiremetighting andcommunication$ demanded

by all the users, involve only a 31% of total foreseen electriatysemption. On the other
hand, food conservation (fridge and freezer) is only required by 30% of this population group,
but it takes more than a half of total foreseen electricity. Water pumping, required by 43% of
thepeople, only takes 16% of needed #iety.

Monthly expenditure in energy from surveys- reached $68, if compared with $300 of
estimated income results in 23% of it spent only in energy. The u$iquefied gas or

'3 From a similar but older study of the Mendgarovince, scattered households without electricity would reach
6613, a 10% of the total rural scattered inhabitants (Energy Secretariat, 1999).
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kerosene fueld fridges, by 28% of surveyed households is an outstaddwvey of this high
share.

The household profile is completed with a few more details: all household heads are
permanently in the rural area, earning subsistence levels of income, the main occupation is
fipuestero s hepherd (72%) awtklyircgne.rOgly §%uoctinterviewed $ o f
had finished primary school studies. Most of the people employs animals or long distance
buses for traveling to town, 17% has a car or truck but in bad functioning conditions.
Scattered pattern of settlement prevail&/db

The survey indicates four main productive activities, handcrafts, commercial shops,
workshops (mechanical, ironworks, and tire shops) and others (lighting for productive uses,
fans, grain mills,etc). The possibility of water supply for cattle andnfn consumption,
including vegetable gardens irrigation provided wgter pumping from 16Q@20m water

wells, was addressed separately. These productive uses would require a total 4830
kwh/month of electricity, it is estimated that this amount of energycluding deep water
pumping- can be provided by 805 solar panels of 75 Wp (64.4 kW of electricity capacity).

The study remarks that the problem of good quality water provision affects 90% of targeted
population. Pumpingystemsf o r h o us e h oslsdnge Gventuslessrplug forl cattle)
only solves this problem partially. TypicaleWls are superficial (2@5m) in desert areas, or

are built for pushing water from nearby dams (rain water) to the houses mainly in the Serrano
areas.

Further considerationfrom this survey regardingvater pumpingis given below, it is
remarked that 70 out of 156 interviewers where interested in a deep water pumping devise,
consisting of PV panels of flexible energy input, allowing the pumping of 1m3 perahour
100mdepth.The electricity capacity of such equipment will be 570W, and could be fed by a
battery of six panes of 100Wp each.

Existing and potential productive activities

The dry regions of Argentifaare important from the point of view of production. These
areas concentrate 9 million peoplein 2001 and produce around 50% of agricultural
production and 47% of livestock production. Most of the production takes place in the so
called irrigation oasis (1.5 million hectares, less than 1% of total dry afasjrrigated

areas focus on livestock raising activities based on natural pastures and concentrating 100% of
goats and camelids, 80% o¥ines and 40% of bovines of Argentindhe combination of
unsustainable livestock raising practices and a fragile envinoniereases the risk of
desertification in these area80 million hectares are affected by desertification and soll
degradation processes, with an increasing trend around 650,000 Has per year. 40% of
irrigated areas present desertification problems dueerbsion and salinizationOther
activities that have affected negatively soil conditions and water resources are forest
overexploitation and mining activities. In the last 75 years the extension of natural forest has
decreased by 669%¢érez Pardo, 2003

“Based on (Paoli, 2003) (Perez Pardo, 2003)
!> These regions cover a much larger area than assessed instéet piacument
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As mentioned abovexssting productive activities basically differentiate betweenréggons
of irrigatedvalleysand r y agr i cul ture areas (fAisecanoso).

Irrigated valleys:corresponds to the valleys situated close to the large rivers of the region,
upon which a system of dams and channels has been built in order to distribute water. The
main productive activities are fruit production, vegetable production, wine production and
other crops. Due to scale and lack of organization issues, small prodieénsaadifficult
situationsince products prices are inadequatee existence of multinational enterprises, both

at production and stockingtages aggravates this situation since they tend to fix reference
prices even at levels that are below small gmiges production costdhere also exist
producers that do not have access to water supply channels and irrigate directly from rivers or
boreholes using electric pumgdowever, in spite of water beirayailable, electricity costs
usually prevent an adegte irrigation of crops.

Dry agriculture areasin practical terms this region comprises the west mount and the
Patagonian steppeThe main activity is extensive livestoclising mainly sheep and goat.
Cattle raising activities are also present touh lesser extent and restricted to the best fields

In those rural productive units where there are areas with good soil quality and
abundant/ shall ow underground water (call ed
(mainly lucerne) for seltonsumptio and also for surplus commercializationThese
activities are usually complemented with vegetable gardens foica®timption. The
production of these gardens is marginal and due to climatic reasons they work from spring to
autumn. This could be anotherea where renewable energies, specifically solar energy, could
play a role through the implementation of greenhausésalso common to find cases where
crops are abandoned by rsdmmer due to lack of water for irrigation.

Productive diversifications not an easy task, due mainly to cultural reasons (e.g. many
generations working on the same productive activity with good profit levdigre exist a
significant potential for adding value to traditional products. The possibility of woodhaind
washing, wool spinningand weavingcould allow increasing income with a lower animal
stock.This could form part of an adaptation strategy where renewable energies could play an
important rolgmotive power, lightning).

Biomass production is another actiwtyth high potential. Even when there are not large land
areas with adequate water availability for forestry activities, there exist many boggy areas
where firewood plantations could be carried. diite biggest obstacle is the lack of irrigation
infrastrucure and fences that protect the young plants from animal grazing (electrified fences
using PV power could play a role here).
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Figure 2.9 Example of a family-scale forestation experience in semi-arid

conditions of Rio Negro Province

Small fenced area (50m x150 m) in dry land
conditions irrigated by spring water (see
geographical location in Michacheo satellite map)

14 year old trees in the Patagonian steppe, irrigated
using ad-hoc drip irrigation using spring water

Source: Google Earth and owictores

In the Cuyo oasis region the Spanish colonization introduced activities such as livestock
raising, agriculture and industry, leading to important changes in the local environment. All
these productive activities are highly dependent on snowfahanhigh Andes, which are
increasingly affected by climatic variability phenomena. The main-isghastrial activities

are related to wine production, olive industsglected fruit production, vegetables, among
others Irrigation is a key aspect for agulture in these areas since dry climate crops are not
feasible in this region due to the existing water deficit.

Table 2.1 Existing and potential rural productive activities in the region under

study
Michacheo- Neuquén Catamarca Arauco- La Rioja
Existing e Low scale egetable growing in | ¢  Subsisteice fieep e Olive cultivation
greenhouses and open field and goatraising
e Sheep/rabbit raising e Subsistence
agriculture
Potential e Mid-scalevegetable growing Camelids e New Peciaty crops
Specialy crops requiring low Specialy crops requiring low irrigation
irrigation levels requiring low levels
e Windbreakgforestation irrigation levels e Windbreaks/forestatior
e Adding valueto products e Low scale e Adding value to
agriculture products
e Adding value to
products

Source: vn elaboration
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Figure 2.10 Vegetable production in the Michacheo valley, Neuguén
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Production area and greenhouses Satellite image of Michacheo region
near Zapala city

SourceTechnical Extension UnitNTI Neuquénand Gogle Earth

The transformatio of productive processes towards an increased size in rural productive units
and the mechanization of activitiebavereduced the demand of seasonal human labor that
was a traditional complement of rural livelihoods. As a consequence, rural population
migrated to perurban areas or intensified the time devoted to its own productive activities.

2.2  Energy, hydrologic and climatic framework

This section discusses energsesor services requirements, technologiesand resource
availability (energy, \ater, soillhuman labg capacities, etc.), includingture trends.

Historical climatic and hydrological data and trend. Regional scenarios.Potential
impacts on productive activities, health ad rural livelihoods in general.

There exist two climatiphenomendhat could affectvateravailability in the arid and semi

arid areas under study, climatic variability associated to the ENSO phenor(ienbiifio-

Southern Osdation) and the increase in evaporation rates brought about by Climate Change
Climate Change could affect the intensity and frequency of ENSO, but this has not been
proved so far(Barros, 199Y. The relative impact and interaction between these two
phenomena depends on the studied region. In this sense, two main areas can be distinguished:
Andes piedmonbasisandPatagonian oasis

' Requirements make reference to what is potentially needed to satisfy current and future needs in an adequate
way.
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Andes piedmont oasigLa Rioja, San Juan, MendoZ4)

All the region under study has a reduced fresh water supply by rainfall within the region
(100mm/yeaiin Catamarca, La Rioja and San Juen300mm/yeain southwest Mendoza

and gets most of its surface and underground water resources from the fusion of snow located
in the high Andes range, mostly duritiie winter In this sense, it can be said that water
availability depends from factors that are extetnahe region under study. In some extreme
cases, such as in La Rioja province, water supply depends in 95% from underground water
resources.

It is expected that for the oasis area situated between 29°®2®tthe ENSO phenomenon

will be the key driveron water availability, modifying significantly snowfalls in the Andes
range. In this case, Climate Change phenomenon will aggravate the water deficit due to an
increase in temperatures and ambient dryness leVhis would lead to an increase in
evapotraspiration rates that in the oasis and surrounding areas could be between 135mm and
165mm higher in summer months towards year 20A@ditionally, climate change would
increase the altitude of the snow line, affecting the process of spring/summer fudion an
consequently altering the availability of water along the year.

Several studi¢8 pointed out that climatic and hydrological trends in all the areas located

close to the Andean region, up to the parallel 40°S (mainly in Comahue and Cuyo Regions),

will suffer hydrological stress in the near future and also in the long term (2040 or 2100,
depending on the study). Those tremdls be similar to the behavioobserved in the recent

past, in which water flows of the main rivers of Comahue and Cuyo have besasieg

from the 406s. As most of the economic acti)
water resources (agriculture, wine making, livestock, tourism), water will be the greatest
limiting factor, conditioning the development of the Region.

Patagonian oasis®

The climatic scenarios show a progressive warming situated cl@8€ to 2080and without
seasonal differences. Water balance would get worse. In particular, in the Andes area and
north Patagonia is where the most significant charmgesobservedScenario A2) It is
expected that this situation reduces biomass growth rate and increases erosion problems in
pasture areas due to an increase in fifbe removal of the biomass cover favors the deep
percolation of rainfall.The flowratesof the main hydrological basins of north Patagonia
would reduce byl0%towards 208pmainly during summer (&nario A29).

" Based or{Barros, 1997)

'8 (Argentine Governmen2007) Second National Communication to the Parties of the UNFQGi@rdin,
L.O., 201() Estudio Regional de la Economia del Cambio Climéatico en Sudamérica (EBRECCECLAC-
CEPAL; among others.

9 Based on (Fundacién Torcuato Di Tella, 2006)
20 Summary for policy makers, Emissions Scenarios, Special report from IPCC Working iBravailable atn
http://www.ipcc.ch/pdf/specialeports/spm/sresp.pdf.
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Towards year 208@qual or worsalryness conditionare foreseeduring the summer in the
Patagonian oasis. In some cases the donddhanges from arid to hyparid. On the other
hand improvements are expected in some cases during the winter @eaasuared in terms
of dryness index pp / ETPrainfall / potential evapotranspiratipn

High present and future water deficit siioas are recorded for all usdsy all Patagonian

oasis and all the crops typically produced thémemany cases an excess of rainfall is also
recorded in winter. However, taking advantage of this surplus during the summer season
would requireimportant works in water storage and distribution infrastructtinat are
technically feasible but are beyond the possibilities of the individuals and commurtigss

works could mitigate in part the annual deficit.

Towards year 2020 no significant changes apeeted in dryness conditions or in irrigation
requirements in the Patagonian oasis. Towards year 2080, an inicreaggation between

5% and 13% would be required in most Patagonian oasis to maintain current productivity
The exeptionsare those locatl towards the northeast, thanks to the increase in summer
rainfall (Colorado InferiomndValle Inferiorof Rio Negro).

Glacier retreat in northwest Patagonia will not sensibly affect main rivers” flow rates. The
reduction in water volumes in river witle insignificant compared to that derived from the
reduction in rainfall level.

The changes produced in dry areas of Patagonia have occurred so far due to human
intervention, and those derived from climate are small in relation to them. It is foreseen tha
the latter will increase in magnitude, worsening the effects of anthropogenic intervention if
somenon-sustainableractices are maintained (e.g. sheep mono produyetieaning a single

i ntensive productive )exploitation or fAmono

Figure 2.11 Temperature projections scenario A2 (°C)
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Figure 2.12 Precipitation variation projections scenario A2 (%)
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Availability of renewable and non renewable resources?otential impacts.

Both the core area undassessment (Comahue) as well as Cuyo (at the north of Comahue
along the Andes mountains) hamwet only renewable resources (solar, wind, geothermal,
hydro energy) but also big amounts of fossil fuel resources (mainly natural gas, but oil as
well). Neverheless, most of the livestock activity and some of the agriculture are limited to
small scale and subsistence level, and they suffer not only water restriction but, in many
cases, shortages in electricity supply (lack of access or access to isolatedsetged on
diesel generator sets with high operating costs and supply security issues).

As previously mentioned, theases located in the Cuyo region depalmdost exclusively on
snowfall in the high Andes as a source of water, both surface and undetgide
contribution of rainfall within the region is very low since they vary betwE¥mniyear in

the north (La Rioja) up t800mniyear in the souttiMendoza) This does not exclude that
rainfall could have a relevant role as irrigation complement iy specific geographic areas.
There also exist differences within the region in relation to the contribution of snow fusion to
the water resources available, being much lower towards the north (La Rioja) due to the lower
altitude of the Andes range at tlatitude.
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Figure 2.13 Map of arid conditions of Argentina
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In the particular case of the Michacheo valleyater is available through the public
distribution service. However, cost and volumes are inadequate for irrigatioegefable
plantations since it increases the cost of products tecoampetitive levels. Similar situations
can be found in rural communities of the seamd regions of Rio Negro, Mendoza, San Juan,
La Rioja and Catamarca where water is also scarcecstiy.c

Table 2.2 Characteristics of underground water resources in the region under

study
Location Water table Quality Other
depth
Michacheo <20m Adequate Under riskof pollution
La Riojacity area 2-150m Adequate Some resources Increasing salinity problems
present arsenic reduces soil quality for agriculture
uses
Catamarca 2-32m Salinity problems in some well{ Water tabledepth increases
some locations
Mendoza north basth | 0-80m Not adequate for human or High salinity”?, chemical and
agricultural use biological pollution
190-230m Salinity problems in some areg Under riskof pollution
>260m Salinity problems in some areg

Source: own elaboration based(&irolesi, 2009)

2 (Sirolesi, 2009)
22 Maximum allowed salinity level is 900 mS/cm
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Water uses and requirements.

Current water uses are described, mainlyelation to productive activities. Minimum fresh
water requirements are assessed for maintaining an adequate quality of life and income.

Agricultural and livestock activities in a large fraction of this dry region count with adequate
climatic and soilconditions, but are severely restricted by the low availability of water
resources, reducing the areas under agricultural production, lowering productivity, and
limiting the range of species that are grown. This situation is particularly serious where the
are no adequate surface water resources, and where there is low or null availability of low cost
energy for water pumping and irrigatiosurface water resources are not distributed
homogenously. Even when average indicators on water availability ecpatd for some
provinces such as Mendoza and Neuquén, these figures do not reflect regionatiease
situations (Figure 2.24

The region presents records of extreme dry seasons and reduced snow levels originated in
climatic anomalies that have led the sporadic adoption of adaptation measures. Since
climate change could transforthese extreme situationato custom conditions for this

region, sporadic measures should be replaced by permanent and integrated ones to face this
possibility in the conmg decades.

In arid and semiarid regions of Argentina, agricultural use of water represents more than 90%
of total water uséMiranda, 2009)

Averageannualwater requirements for crop irrigation in the Patagonian oasis are close to
7000 m3/hectaréassuning a water deficit of 700mm/y@aiThis is equivalent to the specific

water demand per hectare of urban areas with a dengt0ffinhabitant&km?2. This figure
stresses the relevance of water requirements for agriculture in relation to those fotiad¢side
usesand other productive activitieBrigation water requirements in other dry areas are also
high, even for vegetable species adapted to these conditions (e.g. olive). Water requirements
for animal husbandry are much lower than for irrigation erplain why this is th main
productive activity irthe dry region outside the irrigated valleys.

Table 2.3 Reference water requirement levels by type of use

Use Annual consumption Specific consumption (m3/Ha.year
Urban residential 90-150m3/person >7,200 (6000nhabitanttkm?)
Ruralresidential 25m3 /person
Agriculture

Patagonian Oasig 7,000 m3 / Ha (700mméar defici) 7,000

Catamarca 11,000 m3 / Ha (lucerné) 11,000

10,000 m3 / Ha (olivé} 10,00

San Juan 20,000 m3 / Ha (average Jachal baSin)| 20,000
Livestock

Goat 27 4 m3/ heatf

Sheep 217 4m3/head 2i 40 (depending on pasture productivity)

2 (D Attellis, 2005)
% (Searles, 2011)
5 (Miranda, 2010)
%6 (Nickisch, 2007)
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Bovine 197 30m3 /head
Equine 157 25 m3/ head
Porcine 27 6 m3/ head

Source: own elaboration

It is possible to implement some measures doieve a better use of the available water
resources. For example, the reduction of evapotranspiration by means of the control of wind
effects on the crops could be an important measure in most of Patdgenimmeasures aimed

at the protection of biomassil cover and erosion prevention are also particularly relevant.

However, in spite of the important restrictions to water availability in the regions under study,

techniques for the rational and efficient use of water have not been adopted in a systemati
way. This has led to thdepopulation of areas that used to host an important population and

activity (e.g.Guanacach@onds systenfMendoza) close to the source of tHeesaguadero

river) (Barros, 199Y.

Some of the problems related to the use of wrdend water resources in this region are
linked to the overexploitation of boreholes when recharge times are not respected. This is an
issue where PV pumping systems have certain advantages over diesel pumping since they
tend to protect weak boreholes.eTother problem is the salinization of boreholes and soil due

to a wrong management of extraction volumes and schedules, and of agricultural practices.
Finally, it can be mentioned the pollution of underground aquifers due incorrect borehole
close down andurface contaminatiorSome issues thahay contribute to the salinization
process are irrigation practices (both with traditional and advanced technologies), the lack of
maintenance of drainage system network, inadequate leveling of land, and wateeoveru
One third of the B million hectares under irrigation in Argentina has salinization and/or
drainageproblemg(Sirolesi, 2009)

Table 2.4 Water availability in Argentina and in the region under study

Location Water resourcesavailable
(m3/personyear) %

Argentina 21,006°

La Rioja 1,125°

Catamarca 2,974

San Juan 1,635

Mendoza 4,100

Mendoza river basih 1,154(2020)

Source: own elaboration

27 (Siffredi, 1998)

%8 Critic stress level is 1,000m3/person.year, threshold level is 1,700m3/person.year (UN Cuyo, 2004)
2 (IPEC, 2007)

%0 (Gimenez, 2011)

31 (Sirolesi, 2009)
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Figure 2.14 Surface water availability by basin (m3/person.year)
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Table 2.5 Water uses in La Rioja city area (year 1998)

Water use Volume Volume (%) | Source
(Hm3lyear)*®

Drinking 17-27 38%-60% 74% underground

water

Irrigation 14-24 31%53% 100% underground

Industry 2.7 6%

Other uses 1.6 3%-4%

Total 45-46 100%

Source: own elboration

Table 2.6 Olive irrigation in La Rioja city area (1998)**

Parameter

Olive productive area 10,470 Has

Underground water demand

14.4Hm3/year (1998) to 28Hm3/year (2000)

Water well average yield

150m3/h

Water well irrigation coverage

70 Hectaes

Number of water wells

150

Source: own @boration

In the La Rioja city area water available is higher by a 50% than 1998 water extraction level
(46Hm3/year). This corresponds to the water that currently evaporates in the Antigua salar
(20HmM3/year)lt is interesting to note that extraction increased from 2.4Hm3/year in 1974 to

2 (Martinez, 2002)
%31 Hm3 = 1million m3
% (Martinez, 2002)
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46HmM3/year in 1998. Water table depth only increased by 0.5m in 17 years due to increased
extraction. However, salinity levels duplicatadd temperature also increas@&tis reduces
the quality of the soil for agricultural uses.

Water use methods differ widely among the different regions under study and generally
respond to the degree of economic resources and organizational capacity available.
Agricultural producers in Araip region generally use advanced irrigation procedfriekle

or sprinklers) that have higher distribution and application efficiency. They also produce
vegetable specseadapted to water availability and climate conditions (e.g. oliVegse
agnicultural producers develoghe infrastructure required to extract the water from
underground aquifers and distribute it in the fields and also operate and maintain the systems.
In contrast, subsistence farmers and gerds stl use traditional irrigatiorand @ttle raising
methods which tend to be incompatible with changing environmental condilibos, we

can see that under adequate conditions, it is possible ¢h eedalance between water
resairces available and productive activities that lead to econpnasperity and avoids
further degradation of the environment. However, even under these circumstances,
salinization problemsometimesre still present.

Table 2.7 Irrigated area by province and irrigation method

Irrigated area Localised irrigation Gravitational irrigation Sprinkler irrigation
Province
(Hectares)

(Hectares) (%) (Hectares) (%) (Hectares) (%)
Catamarca 61,676 18,695 30% 23972.3 39% 19008.1 31%
La Rioja 41,813 25,095 60% 15211.9 36% 1505.9 4%
San Juan 79,515 21,265 27% 57239.6 2% 1010.9 1%
Mendoza 267,887 21,621 8% 244916.5 91% 1349.1 1%
Neuquén 15,354 1,572 10% 13700.1 89% 82 1%
Total 466,244 88,248 19% 355,040 76% 22,956 5%

Source: own elaboration based(@NA, 2002°

% Localized irrigation comprises trickle, miesprinklers and other efficient methods.
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Figure 2.15 Irrigated area by department
Argentina
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We can seén Table2.8that localizd irrigation is highly dissminated in La Rioja province
thanks to a supportingdal framework that promoteaxtrtain high value agriculturgroducts
such as olive and wine grapes that aim at the export m@ketNational Law 22021) ow
value products, particularly those cuétted by small and subsistee farmers do not justify
the investment in advanced irrigation meth{bsble2.9).

Table 2.8 La Rioja province irrigation by species and method (% of hectares)

Localised Sprinkler Gravitational
Species irrigation irrigation irrigation
(% of hectares)

Cereals 0% 0% 100%
Other industrial 70% 30% 0%
Pulses 0% 0% 100%
Fodder 0% 4% 96%
Vegetables 6% 0% 94%
Lemon 24% 0% 76%
Other citric 27% 0% 73%
Grape 39% 0% 61%
Other fruit 74% 1% 25%
Other 71% 0% 29%
Total 60% 4% 36%

Source: own elaboration based(@NA, 2002
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The incentives are aimed at medium to large producers and do not cover small and
subsistenceones. Effectively, from the analysid the irrigation methods by agricultural
exploitation size we can observe that theodern irrigation technologiehiave been
implemented mostly in ntBum to large agricultural units and that traditional methods are
dominant in small unit§Table2.9).

Table 2.9 % of irrigated area by irrigation method and rural productive unit size
(Catamarca, La Rioja, San Juan, Mendoza and Neuquén provinces)

Agrlcultu_ral exploitation Gravitational sprinklers Localised
size (ha) Trickle Microsprinklers Other

Upto5 99.4% 0.2% 0.3% 0.0% 0.0%
51-10 99.3% 0.1% 0.6% 0.1% 0.0%
10,1-25 98.2% 0.2% 1.4% 0.2% 0.0%
25,1 -50 94.5% 0.4% 4.2% 0.9% 0.1%
50,1 - 100 88.3% 0.5% 10.1% 1.1% 0.0%
100,1 - 200 76.0% 0.3% 20.7% 3.0% 0.0%
200,1 - 500 54.0% 3.5% 38.8% 3.2% 0.5%
500,1 - 1.000 47.2% 5.7% 45.1% 2.0% 0.0%
1.000,1 - 2.500 33.1% 17.5% 43.7% 5.6% 0.0%
2.500,1 - 5.000 12.2% 53.2% 34.6% 0.0% 0.0%
5.000,1 - 10.000 37.5% 16.6% 43.5% 2.3% 0.0%
More than 10,000 39.4% 57.6% 3.0% 0.0% 0.0%
Total 76.1% 4.9% 17.2% 1.6% 0.1%

Source: own elaboration based(@NA, 2002

As for the water source, we can see in Tabl©that for the sraller rural productiveunits
surface water supply is still more widespread than underground sudplyever, a
significant fraction of small size rurgkoductiveunits have underwater supply systemasd
consequently depend on pumpindore than80% of the rural productive units that use
channels for water supply are smaller tl2&rhectares. Also, within surface supply, channels
are much more common than direct water supply n@diumand large size rurgdroductive
units, surface supply is still prevatebut underground supply has a higher significance than
for smaller rural units.

Around 12,000 rural productive units use underground water for water supply in this region
by means of almost 15,800 working wells. This represents around 19% of rurattpred

units in Catamarca, La Rioja, San Juan, Mendoza and Neuquén provinces (51,000). The water
is extracted using electricity in most of these wells (73%, 11491 wells), followed by diesel oll
and gasoline (16%, 2496 wells), naturally flowing (7%, 105Bs)yeand other energy sources

(4%, 685 wells)In principle, decentraled renewable energy systems could be used to pump
water out of those wells corresponding to the fuel and other categories. Additionally, grid
connected renewable energy systems cprogide power for those powered by electricity.
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Table 2.10 Water source and distribution system by rural productive unit size
(number of rural productive units) (Catamarca, La Rioja, San Juan, Mendoza
and Neuguén provinces)

Agricultural loitati . Surface
reultues expomion size 1 oo Direct supply | Underground
No pumping Pumping

Upto5 18,527 260 130 3,208
51-10 7,267 118 44 2,214
10.1-25 6,611 84 56 2,904
25.1-50 2,739 49 35 1,671
50.1 - 100 1,412 30 29 961
100.1 - 200 723 29 16 541
200.1 - 500 444 50 28 339
500.1 - 1,000 190 34 12 104
1,000.1 - 2,500 120 35 9 64
2,500.1 - 5,000 55 21 2 25
5,000.1 - 10,000 55 11 4 27
More than 10,000 50 27 5 34
Total 38,193 748 370 12,092

Source: own elaboration basen(CNA, 2002

Table 2.11 Number of wells and rural productive units using underground water
by rural productive unit size (Catamarca, La Rioja, San Juan, Mendoza)

Total EAP in
Rural productive unit size (Hectares) Fuel Electricity | Flowing Other Total Wells (%) each size
category
Total EAP 2,072 8,446 868 485 11,871
Cantidad 2,496 11,491 1,053 685 15,725
% working wells by energy source used for extraction 16% 73% 7% 4% 100%
Total without defined boundaries EAP - 9 20 5 22 56
Quantity 9 20 5 23 57
Total with defined boundaries EAP . 2,063 8,426 863 4634 11,815 48,802
Quantity 2,487 11,471 1,048 662 15,668 100%)
Upto5 EAP 415 1,533 397 99 2,444 21,598
P Quantity 418 1,560 420 110 2,508 16%
51-10 EAP 395 1,353 146 49 1,943 8,311
' Quantity 432 1,423 176 57] 2,088 13%
101-25 EAP 535 2,260 143 101 3,039 7,892
' Quantity 581 2,486 173 115 3,355 21%
251 -50 EAP 281 1,450 79 56) 1,866 3,769
' Quantity 353 1,839 109 69 2,369 15%
50,1- 100 EAP . 174 876 54 59 1,163 2,199
Quantity 242 1,378 93 94 1,807 12%
100.1 - 200 EAP . 108 483 25 36] 652 1,437
Quantity 153 1,071 36 62 1,322 8%)
200.1 - 500 EAP . 73 294 14 26 407 1,275
Quantity 110 849 32 47 1,038 7%
500.1 - 1.000 EAP . 23 95 3 7 128 728
Quantity 40 401 5 22 468| 3%
1.000.1 - 2.500 EAP . 26 50 1 13] 90 643
Quantity 74 301 3 47 425) 3%
2.500.1 - 5.000 EAP . 12 9 1 6 28 429
Quantity 34 30 1 16} 81 1%
5.000,1 - 10.000 EAP . 9 12 0 5 26 183
Quantity 28 62 0 16 106 1%
More than 10.000 EAP . 12 11 0 o 29 338
Quantity 22 71 0 8 101 1%

Source: own elaboration based(@NA, 2002
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50% of the wellg7,951)are located imural productive units of less than 25 hectakgst of

these wells use electricity to extract water (69%, 5469 wells), 18% use fuels (1431 wells),
10% are free flowing wells (769 wells), and 4% use other ersrgsces (282 wells). Thus,

the number of wés in rural productive units of less than 25 hectares that use fuels for water
pumping represent 9% of total wells, and those corresponding to other energy sources
represent 2% of total wells.

It is also relevant to assess specific improvement measelssd with water supply and
storage in rural productive units. Tal#€l2 presents this type of data for the region under
study.Overall, only a fraction of total EAP has some storage infrastructure, windmill or water
well. It can be seen that for smailral productive unit sizes thecaurrence of independent
supply and storage infrastructure is very low in relation to the total number of productive
units. For example, only 4% of productive units of less than 25 hectares have some kind of
water reservaj a key issue from the point of view of adaptation to climate variability. Also,
only 4% have windmills or fuel engines for water extractioncontrast, the @urrence of

this type of infrastructure is much higher for large rural productive units.

Table 2.12 Water supply and storage infrastructure by rural productive unit size
(Catamarca, La Rioja, San Juan, Mendoza, and Neuquén provinces).

Rural productive unit size ' . Water wellg for Australian Dams and Other artificial |Total EAP in each
(Hectares) Windmills co_nsump?lon tanks dikes water bodies size category
(with engine)

Total EAP 852 3,185 1,980 5,149 1,923
Quantity 1,461 3,857 3,341 7,367 3,049

Total without defined EAP 185 595 285 1,211 926

boundaries Quantity 197 671 311 1,594 1,096

Total with defined EAP 667 2,590 1,695 3,938 997 51,000

boundaries Quantity 1,264 3,186 3,030 5,773 1,953

Upto5 EAP 7 573 113 174 117 22,242
Quantity 7 593 138 198 157

51-10 EAP 6 385 70 201 70 8,737
Quantity 6 406 71 242 91

10,1-25 EAP 9 396 206 477 81 8,293
Quantity 9 442 220 499 103

25,1-50 EAP 10 233 195 532 56 3,889
Quantity 10 281 202 578 90

50,1 - 100 EAP 8 116 150 499 76 2,278
Quantity 8 155 167 608 88

100,1 - 200 EAP 19 119 108 444 70 1,492
Quantity 19 143 136 633 90

200,1 - 500 EAP 23 133 129 537 93 1,405
Quantity 25 169 663 781 133

500,1 - 1.000 EAP 58 130 95 353 95 844
Quantity 58 155 117 523 157

1.000,1 - 2.500 EAP 152 164 191 310 148 735
Quantity 177 203 232 540 288

2.500,1 - 5.000 EAP 135 113 152 170 7 471
Quantity 188 162 235 343 138

5.000,1 - 10.000 EAP 136 116 156 126 59 201
Quantity 307 177 338 331 198

More than 10.000 EAP 104 112 130 115 55 413
Quantity 450 300 511 497 420

Source: own elaboration based(@NA, 2002
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In summary, larger rural productive units seem to be muclerbetiapted to climate
variability, both in terms of water supply and storage, andialtgerms ofwater use methods.
Since land cost in this region probably is highly influenced by water access and soil quality,
one would als@xpectthat larger producte units aimed ahe production of high value crops
also occupy better lands.

Institutional, legal, regulatory and economic issues in relation to wateand energy
managementand supply. Access to resources

In general terms, the institutional framewakwater management and supply in Argentina,
not only at the national level but also at the regional one, is characterized by a high degree of
fragmentation. There is a lack of coordination, interchange of information and communication
breakdowns among éhdifferent institutions with water supply and management related
responsibilities. This situation generates overlaps of functions and in somehzagédation

or ambiguities orthe responsible partyfhes e c tpovati@asion process thabok place by

the beginning of th®0’s has incorporated a set of new actors to this framewackeasing

the complexity of the institutional networkowever, the deregulation process did not create

a water market, as happened in other countRewwatization procsses affected La Rioja,
Catamarca and Mendoza provineesl provided control of water resources mainly to foreign
enterprisegAspiazu, 2008 However, both in Catamarca and Mendoza the enterprises have
shown signs of transferring the business to locarenises or even provincial governments.
San Juan, Rio Negro, and Neuguén have provincial water management enterprises.

According to the National Constitutiona&h province hamanagementights over its natural
resources, including water. Accordinglyob province hags own regulatory framework and

set of institutions in charge afater resource managemeand implementationHowever,

since hydro resources can be shared among provinces and neighboring countries, there exists
a federal institution (COHFE) responsible for coordinating nationater policiesand also

several basin authoritiesSome provinces delegated the provision of water services into
municipalities.Regarding the costs, in general teriasiff frameworksfor different water

usesare not integrated anth mostcasesratesonly coveroperating costand maintenanoef

water systems.

In principle, access to water resources is considered a public right in Argentina. Many
provinces consider a high priority the supply of water fodpotive activities and an annual

fee is set for the concession of water use rights in these cases. A set of conditions are imposed
to provide water use rights. As an example, in the case of irrigation in Neuquén province the
concession is given if the areasuitable for irrigation agriculture, water bodies have enough
supply capacity, the producer has land property rights, and regulatory issues are respected
(Ministerio de Produccion y Turism@008. Whenever a rural producer has not adequate
water resorces nearby, infrastructure works are needed in order to improve access (e.g. dams
and channels). In practice, large producers are the main beneficiaries of infrastructure works
aiming at guaranteeing irrigation for productive activities as can be obsarizhdoza and

La Rioja Ledn, 200%. In Mendoza, irrigation investment did not correspond with poverty
alleviation objectives, nor even with rural development ones. It is also common to observe in
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Rio Negro province situations where isolated rural inhaks depend on the good will of
water service providers and local government to gain access to water resources.

In most cases water service is provided by municipalities, coopesatr neighbors
associationsput at a high cost and with significargstrictions, making unfeasible many
productive activities. Thus, the choice between diverse infrastructure investment options
selectively benefits large producers and acts as a barrier for the development of small
producers. This is also linked to the di#nt access that small and large producers have to the
best agricultural areas in each province. The problem is compounded by the investment that
the producer has to make in order to take advantage of the access granted to nearby water
resources.

As a result of increased productive activities, population and water stress, conflicts between
users categories are beginning to appear in some of these aredsa(®ja). This leads to

the need to further assess present and future water resources ayadabilimplement an
adequate planning of productive activities and priorities through a legal and regulatory
framework. This will help protect water availability for productive activities of the more
vulnerable sectors of society vis a vis the demand Xtraetive and highly conceratred
activities such as mining. This is particularly relevant since large mining projects are
increasing along the Andes range, and many of them are located in the upper basins, close to
glaciers and important fresh water resmms. These projects could affect other users located
downstream, both through competition in the use of water resources and through pollution
(e.g. most of the large projects are aimed at the extraction of gold and other high value
metals).The National @Gacier protection law was recently passed to prevent damage to the
most important fresh water resources. However, some provinces are still reluctant to
implement it.

Institutional Description of Water Resources management and Renewable Energy
devebpment

By 2003 an agreement between most of the provinces and the Federal Government on hydro
policy was signed. It constitutes an initial common platform for aligning norms and
institutions. It departs from &hared vision on water issues, taking into accoimet
socioeconomi@rofile, resourcescosts and benefitthat makes possible the implementation

and evaluation of a hydro polity

There exists no national water law today, current legislation is composed of Civil, Commerce,
Mining and Penal Codes andd&ral laws like the Energy, Navigation, Transport, Ports,
Environment and Natural Resources, that includes resolutions concerning water resources
directly or indirectly. The Nation has also ratifiede@mational treaties involving water
resource on: shaed waters, nuclear vessels navigation in territorial waters, credits for
drinking water and sanitation supply ia$tructure and multiple purposafrastructure
construction, among others.

% Next paragraphs rely strongby (Pochat, 2006
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In December 20Q2.aw 25688concerning éscheme for the ivironmental Managemenof
Waterwas enacted, but its ruling is still pending. It establishes the creation of River Basins
Committees. What is pending is the effective sanction of a more comprehensive national law
establishing basic principles of hydro policy, coon and valid among all provinces,
pointing to the compatibility of potentially conflictive interests.

(Pochat,2005) considers that a conceptual and institutional dispersion exists among the
several competence levels linked to the river basins managef@ommon arrangement

and management policy isissing, framed by laws, norms and endowed with a specific
budget.

I f the provincesd Constitutions are addresse
and Rio Negro established their own compegeffor ruling the water use of their inter

provincial rivers (basins with common hydro resources) by treaties with neighbor provinces.
Other provinces do not have specific laws on issues directly affecting them, as irrigation
system pr omot izatian, watersrghtss @riffsoimclgding adequate payment,
aquifers management, etc.

Pioneer water codes were sanctioned in Cordoba and Santiago del Estero during the seventies,
La Pampa, La Rioja, San Juan and San Luis followed them. Hydro policy psmevere
included and modern law criteria ruled the new institutions, under an interdisciplinary
approach, enacting for example the cost of the water which had been largely ignored or
resistggl. Nevertheless few provincial laws refer explicitly the wateragement of river
basins’.

Institutionally, the lack of coordination, communication and exchange of information between
institutions triggers overlappingf functionsand dilutes responsibilities. It also generates
conflicts both between competitive usésirrigation and hydroelectricity generatianand
between jurisdictions. Main causes of conflict are linked with water flow quotas, management
of water flow volumes surplus from floodand inter provincial water courspsllution.

The country does n@ossess an agreed mechanism for solving these controversies/darom
2003 the main water resources managenaenhority at the federal kel is the Water
Resources SubeSretariat, within the Ministry of Federal Planning, Public Investment and
Services.In turn, the Agriculture, Livestock, Fishing and Food Secretariat, from a different
Ministry, has an oversight role on the execution of programs for restoring irrigation areas and
flooded areas recover or salinized. Withire tformer Ministry, the EnergySecretariat
develops basic schemes for hydroelectricity projects, coordinating with other areas the
compatibilities and prioritized uses.

Water management at the provincial level has different features depending on the main local
interests and conflictgiging from water demand and supplypical examplesre n the arid

region irrigation managemerdand in themore humidregion the harmful effectsf @limate

events like floods It is possible to make a clear disfilon between sanitary entities
commitied to drinking water and sanitation servisepply and hydro entities, in charge of
projects construction, hydrological measures, protection against floods, etc.

3" Law N° 12.257 (Buenos Aires); Law N° 9830 /1986 and Ruling Decree N° 4960, (Santa Fe); specific
legislaion of Cérdobaand Law N° 5178 o€hubut.(Pochat, 2005).
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In the irrigationfield, a large diversityppears as well. Typically, dry regignovinces have
agencies specifically committed to theater issue, while in humidreas, irrigation is
managed from natural resources or agriculture related entities.

Thus from the privatization onwards, the institutional framework has increased both in size
andcomplexity. Private operators (drinking water slypgnd sanitary services, hydroelectric

plants operation, irrigation and waterways navigation maintenance) have been incorporated as
well as regulatory entities. In particular ur a l pr oduorein spgratignaandt i c i p
maintenance of irrigation systems has increased.

Due to the lack of impact evaluation of policies on water and associated services, most of the
privatizations have been unsustainable (Pochat, 2@@3¢astunder theiroriginal scheme
Several concession contract holders have left the country, other are suing Argentina in
international courts, as original contracts designs and regulatory models moved away from
national economy evolution.

Among the several models adopted by the argernprovinces for the management of their
waterresources, Mendoza and the AIC (Rio Ned¥euquén andlimay Rivers Basin Inter
jurisdictional Authority)stand out. A brief description of thesgo interesting examples of
river basin authorities is includdxlow.

River flow modification, firg¢ by reservoir filling and then by the regulation of the water flow,
produced m@r changes in the river flow ithe lower areasf the basin Thusby a treaty

sigred in 1985, the provinces involvédRio Negro, Neugueé and Buenos Aires and the

Federal Government initiated the institutional organization of the river basin, giving birth to
the AIC River Basin Authority. The sole existence of this legal entity allowed the allocation

of the authority role for water manamgent, environment and civil protection. This AIC
responsibility was embodied in the concession contracts. Moreover, an income obtained from
the hydro energy sales, was secured in order to finance both the required works and projects
in the downstream ohe dams and the AIC itself.

The operative structuref the AIC includes qualified human resources thabwl the
provision of usefukervices to the society. Besides, the entity does not depend exclusively on
political decisions and having secureslbudget and performing a high interaction with the
community it has an outstanding strength relative to other river basin authorities.

In Mendoza the body for water administration DGI (Mendoza General Irrigation Depagtment)
mentioned in the provincial catisition, is in charge of hydro resources management, the
agency delegates the role in the communities of organized users, who are responsible of water
administration at the secondary and tertiary level. This has stimulated the development of a
user partigpation culture in the resource management. Tariffs for water rights are also
charged, which allows not only the effective administration of the resource, but also to know
its existence and useand perform a proper low cost conflict administration.

% In turn, the Buenos Aires province in its recently promulgated Water Code, creates an autonomdus entity
subject to public law of multidisciplinary nature, in charge of planning, registry, sgtanstitution and
protection, police function among other missions attributed by current legislation: the Water Authority.
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The DGl is a public decentralized entity in charge of the administration of hydro resources at
the province level, ruling and monitog its use. It has institutional and budgetary autonomy,

as well as jurisdiction roles that make it the water court for sgleonflicts among users. Its

main objective is the regulation, preservation and distribution of water, in order to take
advantage of possible uses, by a direct control on existing concessions and promoting the
ones that become necessary. Fitstlevelos the necessary studies and later promotes the
respective concession law, interacting with the provincial parliament.

As indicated aboveboth the province water Law N° 6.405 of 1996 and the province
Constitution enacts a lower scale institution comggstn Water Channels Inspectors. These
public mandatory associatioinsnot voluntary and out of the state bodieare composed of

the water right holders that employ a single channel for irrigation. They are autonomous and
authorized to collect and invietheir ownfunds they are independent from the DGI, which in
turn has a legal control on them. Thgater Channel Inspector is simply one of the users
openly elected by the concurrent usarslis in charge for a four years period of the internal
smallernetwork of channels.

More recently voluntary groups of Water Channel Inspector Associations are appearing,
sharing interests and objectives in order to improve the resource management for the common
benefit. Currently 160 Inspectors and 16 Associatexist. User participation and decision
making in regards to channels operation and works, jointly with the shared water
administration - between the state body and usérsimproves the interaction with
stakeholdersThis Organism possesses the most advhdeselopment stage in the country
(Pochat, 2005)

Nevertheless our previous concern on the scope of beneficiaries remains. As small productive
entities without access to thefrastructure forwater distributiondo not have access to this
organization.

In some provinceshere still exist legal and regulatory voidiswater resources management,
particularly concerning underground resouraed supply in rural areas

Table 2.13 Management schemes and regulatory institutional framework

Management S@me
Private Public
Multi-sectorial Ca‘a”.‘?rca
Autonomous La Rioja
_Regulgtory institutions Sectorial Mendoza
institutional
framework . $
Auto- Regulation by g:ﬁ%l:g;
regulated public property Rio Negro

Source: adapted frof\spiazu, 2008)

Regarding theenergy dimensioit is also possible to describe the regulatory situation, as the
provinces again are responsible for rural electrification. The status varies highly among them,
and the most important program for rural electrification employ@mgwableesources is the
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PERMER. A brief description of the program can be found in (Alaz2006°° and at the
Programds website

The project is under execution by the national Energy Secretariat, it is mo=ly at low
income families living insolated areas. Depending on provinces acceptance and economical
characteristics 8000 users might benefit from this program, as well as aro|@@f 2solated

rural schools, health services centers, police stations, and public buildings.

Electricity suply includes basic lighting and social communication needs. The objectives are
improving rural life quality, positively impacting on education, productive activities and
overall social development. If economic activity of the private sector is encoulagadpbs

can be created following renewable energy equipment demand.

In order to be part of the PERMER scheme, the province sigistanagreement with the
National Government and must also be capable of giving concession rights for electricity
provigon on its rural disperse markefs a local contribution, provinces should basically
allocate own funding coming from electricity market, mentioned FEDEI. To complete the
institutional picture, the provincial electricity regulatory entities are in chairgfee oversight

of the concession contract observance.

Energy supply,uses and requirements.

Currentenergyuses are described, mainly in relation to productive actiiges pumping,
distribution, irrigation). Minimum energy requirements are asssb for maintaining an
adegate quality of life and income.

Most of the rural productive units in the region under study are connected to some kind of
electricity grid (73%, 37070) (Tabl2.14). According to the National Agricultural Census

(year 2002) a significant fraction (>23%, 11738) is not connected to the grid and does not
have an alternative energy supply. Around 3% of the rural productive units count with
photovoltaic power generation and less than 1% have a generator set. Finally, hydrodwind an
other generation systems are marginally present (0-B%a%, the universe of rural productive

units where renewable energy systems could have some relevance for energy supply is around
14,000 (28% of total).

Table 2.14 Energy supply in rural productive units by energy source
(Catamarca, La Rioja, San Juan, Mendoza and Neuquén provinces).

Rural electricit Descentralised generation
ecinelty Total EAP
grid Generator set Hydro Wind Solar Other
EAP 37,070 389 28 33 1,569 173 51,000
EAP (% of total EAP) 73% 0.8% 0.1% 0.1% 3.1% 0.3%)

Source: own elaboration based(@NA, 2002

%9 Alazraki, R and Haselip). Assessing the uptake of smattale photovoltaic electricity production in
Argentina: the PERMER projg Journal of Cleaner Production 15, 1B342,2006.

0 See home page of the progratip://energia.mecon.gov.ar/permer/permer.htarid description in English
http://energia.mecon.gov.ar/permer/abstract.html
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In relation toelectricity requirements, an estimation is made based on a community of 40
households whose main prodive activity is cattle raisingTable 2.15) Power is considered
both for residential and productive uses (fodder production, processing of products, storage,
etc.). Total power required during the productive season is around 30kW or 0.75kW per
householdThis power level is much higher théime power usually considered in PV power
pumping projects for isolated communities. As an example, we can mé@&gide de Leyes
project with close to 0.1kW/householdand Catamarca with a range of 0.05
0.17kW/househal Thus, these projects alleviate one of the most important needs of rural
isolated population (water supply) but aséll far from contributing to a sustainable
development initiative that promotes an increase in houséhaid®me through the
energizatn of productive activitiesCurrently,the most common electricity supply option

for isolatedcommunities is based on diesel generator sets.

Table 2.15 Community electricity requirements for residential and productive
uses in adry area (40 households)

Use Temporal distribution Main Impact Power (kW) (hij;;r) (k\lilnrf/ry?;r)

Drinking w ater supply (pumping) Daily, flexible, any moment of the day Life quality 2 2920 5,840
Products processing Seasonal, any moment of the day Income 9 150 1,350
Agricultural (5 Ha fodder) and cattle w ater (pumping) Highly seasonal, any moment of the day Income 10 1440 14,400
Irrigation Highly seasonal, any moment of the day Income 10 450 4,500
Various tools Daily, any moment of the day Income 20 365 7,300
Food conservation Daily, all day long QuaIiFy of life and 8 2555 20,440

income

Other domestic appliances Daily, continuous except during the night Life quality 12 730 8,760
Lighting Daily, night hours Life quality 9 1460 13,140
Communications Daily, continuous Life quality 0.1 4380 438

30 (simultaneous

Total )
in summer)

Source: own estimation based on (Bra2@04)

76,168

Other quantitatively important household energy requirements are tohosesponding to
thermal usegcooking, water heating and heating). Renewable energies can cover a variable
fraction of these uses, damding on the energy resource and the investn@wiar water
heaters could cover a significant fraction of househaldguirements with a standard 2m2
collector(>50%) Solar cooking is also highly feasible in this region and could cover at least
one mehper day.Heating requirements could be covered by a combination of adequate
housing design, passive solar, and biom@ke. introduction of these technologies presents
cultural and infrastructure challengés.all cases, biomasmnergy will still have aignificant

role to play in poor rural isolated areas. Thus, specific measures are needed to guarantee
biomass supplyin particular in dry areassuch as multipurpose forestry projects for food,
fodder, energy and windbreak.

Technologies available forwater and energy exploitation, and adequate for he
situations under assessment
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Technologies will be assessed taking into account a-gnitkria methodology that evaluates
their feasibility of implementation in a given context and their contributiosustainable
livelihood$™. As an indicator of the first issue the followirappectswill be taken into
account:

e Affordability (cost of the technology relative to user income)
e Efficiency (cost of the services provided)

e Risk of obsolescencé¢temporal sustaability of the technology and associated
services)

¢ Flexibility (ability to satisfy both current and enhanced uses)
e Technological capability (compatibility with the services network that supports the
technology)

In relation to the contribution to sustalre rural livelihoods, the following indicators will be
taken into account

Suitability and urgencyability to provide critical services)

Effectiveness andfficacy(in relation to society objectives)

Resilience(technology effects on human/communitgitience)
Diversification(contribution of the technology towards a wider range of options)
Environmental protection(impacts associated to the implementation of a
technology in a given context)

Concerning the specific technologies used for water supplyuial areas, they will be
separated into those for isolated small scale and those more adequate for rural communities.

The following technological options are used in the rural area and could be assessed in the
study:

e Wind and solar electric pumpingogpled with modern pumps and an inverter
(Catamarc¥ and Neuquéfi case studies)The implementation of these options
generally counts with a strong institutional support and adequate human and
economic resources.

e Multi-blade traditional wind pumps. Not wedisseminated due to high costs and
the requirement of skilled lalwdfor installation and maintenancéhis situation is
compounded by the large range of commercial brands and quality avadable,
barrier forconsumer choice and spare parts supply. lestalapacity is generally
the outcome of individual initiatives.

¢ Electric pumps coupled to a generator set (usually made in China). It is a technology
commonly used thanks to its low investment cost and its large distrbogitwork.
Usually commercialied, designed, installed and used without proper training,
resulting in a short lifetime.

“1 For acompletedescription of these indica®rrefer to(Villavicencio, 2003)
2 (Rodriguez, 2000)

“3 http:/www.inti.gov.ar/erenova/erEO/er01.phBoth places, as well as Arauco Wind Farm in La Rioja
Province are identified by satellite images in the annexes of this report.
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¢ Siphon (uses level differences to suck water from a source into a storage area). It is

still an underexploited practice but largely disseminated.

e Manual pumps (rope guiston pumps). Its use is not very common. In the case of
piston pumps due to their cost, maintenance complexity, and problems with low
temperature operation. Roggumps have many benefits ovektracting water

manually from a well using a bucket, hiney are not much disseminated due to

lack ofawareness

e Hydraulic ram. Not very common to find but could be used in several locations.

The assessment of thesee c hnol ogi c al i ssues

w o doriceptboe

mad e

criteria, which roughly means ing to match the specific advantages and features of the

renewable option with the required neetl®e available resources, the local situation, etc
Describedmdicators are used to judge the feasibility of the optfons

Water extraction

Table 2.16 Technologies used for water extraction/supply

Technology Advantages Limitations Niches
. Reliability. Cost of electricity Al uses a’ﬁd h.ydfa“'!c
Electric L loads within distribution
um Level of power distribution/access. grid range
pump available allows many Limited reachNot feasible for . .
connected to . . X X In particular, medium to
. uses dispersed inhabitants in . .
regional ! ) high scale prodctive
; Flexible to adapt to isolated rural. -~
/national . activities
: fluctuating water Could lead to borehole
grid o Irregular water demand
demand along the year overexploitation S
(e.g. irrigation)
Ease of operation and Potentially unreliable due to
maintenar?ce maintenance and fuel Al d medium t
. ' availability (major service | USES anc medium to
Availablelocal every 500hr to 1,000hr) high hydraulic loads in
knowledge experience i isolated areas.
andsupport Low system useful lifetime | fieul dium t
Electric andsupp (8,000hrto 35,000hr) n particular, medium to
infrastructure : : high scale productive
pump / : Operation & maintenance cos o
) Low investment cost activities
diesel or i . (fuel, spare parts)
; Available for wide . Adequate access to
gasoline : More expensive than PV for ; ;
range & hydraulic loads : maintenance services,
generator sei . isolated areas
Flexible to adapt to spare parts and fuel
. Could lead to borehole
fluctuating water S supply.
contamination and
demand along the year I Irregular water demand
overexploitation S
Easy to transport to s . (e.g. irrigation)
Not efficient at partial load
another borehole X
operation

“ For further detail of niches assessment for renewable energies aeal,@006) The concept of niche is
appliedthereto select technologies which are also important from the point of view of their impact on the poor
population, their stage of technological development and their economic feasibiliparticular the study

focuses on th assessment and policy formulation Argentinaof solar water heaters (SWH) and wind energy

converters (WEC).
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Photovoltaic
pump

Cheaper than diesel for
isolated areas

Solar resourcés widely
available in semdesert
areas

Solar resource
availability matches
with seasonalvater
requirements

Quiet operation
Suitable for weak
boreholesand resource
protection

More adequate to
highly isolated regions
where fuel supply is
uncertain

Adequae for replacing
manual pumps (hand
pumps, treadle pumps,
etc.)

Maximum head is between
100m and 230m depending o
technology.

Hydraulic load is between
300m4/day and 4000m4/day.
Low water volumes anedium
to high depths

High Investment cost
Spedalized O&M
requirements andeaklocal
support/service infrastructure
available

Power range 300W to 6kW
Requires specific design and
installation procedure to
operate properly

The pump is generally the
component of the system with
lower reliability

Not available ér high
hydraulic loads

Not adequate foffluctuating
water demandituations (e.g.
seasonal irrigation)

Requires backup water storag
capacity

Costly to replace (theft)
Underutilizes boreholes with
safe medium to high yields
(>2m3/hour)

Low match with ddi water
demandmorning and
afternoon peaks)

Residential, services and
small scalgroductive
activities in isolated areas
Very small scale irrigation
Medium to low hydraulic
loads and depths.
Homogeneousvater
demand along the year.
Storage capacitgvailable.

Cheaper than diesel for

Requires backup water storag
capacity
Wind resource availability ang
variability

Investment cost

Residential, services and

Wwind isolated areas X .
turbine e  Minimum wind speed In_ variable frequ_ency systems sm_al_l _sca_le productwe
(electric) required is relatively with the pump directly activities in |so!ated areas
low connected to the generator th Storage capacity available
pump does not work at the
optimum level and disconnec
when the frequency is not
adequate
e Cheaper than diesel for
isolated areas Requires backup water storag
wind mill e  Minimum wind speed capacity Cattle watering in isolatec

(mechanical)

required is relatively
low

Relatively easy to
maintain

Wind resource availability ang
variability
Investment cost

areaswvhere storage is
available

Siphon

Low cost
No energy consumptior
Rugged

Easy O&M

Requires groundwater body t
operate
Requires adequate topograpli
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. e Low cost Requires flowing water to
Hydraulic :
ram ¢ No energy consumptior| operate o
e Easy O&M Requires adequatepography
Limited pumping volume and
Manual e Low cost depth (hydraulic load <
UmDbS e Rugged 250m4/day) .
pump e [Easy O&M Requires human/animal labor
to operate
e Flexible to adapt to All uses and whole range
fluctuating water of hydraulic loads in
demand along the year isolated areas.
Hybrid ¢ More_ _relrable than Very high investment cost Adgquate access _to
. . specific technology . maintenance services,
Wind/diesel ti Increased complexity and d fuel
or PV/diesel options . maintenance requirements spare parts and fue
e Available for wide supply.
range of hydraulic load e Irregular water demand
and depths (e.g. irrigation at all
. scales)

Source: own elaboration

According to an assessment performed for Namibia, PV pumps tend to be chaapbesel
pumpsfor a wide range of hydraulimads(EmCom, 2005 However PV pumpingis not
availablefor heads above2Dm, except for very low water requirementgi§i3/day) neither

is it availablefor lower heads at #ow rate above 35m3/dayFurthermore, PV pumps may
not be cost effective fofluctuating water demand situations (esgpasonal irrigation
schemer Thus, diesel pmping is the technology choide these casedJnit water costs
increase with increasing head and are higher for low volume demand, in particular if diesel
pumping is usedSince PV pumping system components are imported in Argentina, one
would expect qualitatively similar results for this counfriiis represents a limitation for the
penetration of PV pumping for productive uses where requirenaeatsigher than 4m3/day
(equivalent to the watering demand of 80cpws0.2Ha to 0.6Haof crops in a semilesert
area), and in particular for irrigation of medium to large arb&sntenance interval varies
between 1 and 5 years depending on specific PV pump technology.

A feasiblity assessment study for PV pumping was performed in San Juan province
(Secretaria de Energia, 2006)yhis technology was proposed due to the limitations of the
present pumping system, which only partially covers residential water needs and sometimes
produces a surplus for cattl€his system is based on not very deep water well252q

located in semdesert areasr in rainwater supply from a barrage in the Sierra afgath

options produce water unsuitable for human and catiesumptiondue to gh salinity

and/or organic pollution levelt all cases rainfall is scarce and drought season is long

According to this study, preliminary data indicate the existeoicainderground water
resources at00to 120m depth and of higher qualityhA systemwas analyzedaonsisting of
PV panels puming 1m3 per hour at 100rdepth, for cattle and human consumption,
including vegetable gardens irrigation. Tineminal powerf such equipment will be 570W,
and could be fed by a set of six PV panels of 200Wp each.
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The cost of the equipment was estimated if106 UD, including drilling costs. It was also
estimated that for small scale cattlesing activity 1 typical of the ared such equipment
could satisfy the needs of three to fipeesterogshepherds) locat nearby, giving also the
chance of developing small or community vegetable gardens.

Almost haf of the interviewees were interested in this service, so the projected population is
190 potential users, implying a million dollars investment. As the eggmp will be of
communitarian use it is recommended to develop a pilot project, that besides detailing the
technical and economic aspects, proposes social solutions for the efficient and sustainable
water resource management.

A second study is available ithe same province, San Jifathe Balde de Leyes Remote
Village Electrification case. In September 1994 Solar Home Systems were installed, followed
by the installation of a PV driven water pump, with batteries. The village was composed by
65 people whosmain activity was livestock raising (300 cows, horses and some goats). The
main community need was replacing the diesel pumping system, followed by electrical
lightning. This was due to repeated pump break down and the subsequent need of bringing
water forthecattle from far awayHuman resources were not available at community level to
carry out system maintenancAccording to (Parodi, 2003), in order to solve this probiem

was proposed to drill a neloreholeand install- as a baclup systenmt a rew pump, operated

by the already existing diesel motor. At the old well a newpR¥hp was to be installed. This
pump should be able, mumpan average of 15 m3/d of water in winter and 30 m3 in summer
from a depth of 29 mThiswater will fill a main stoagetankwith a capacity of 30 mdr two

open basins with 30 m3 and 50.médistribution system wouldonnect the 13 houses to the
main storage, while the open basins should provide water for the animdldora a
community field nearby

The PV pumpingystem used a Grundfos submergible pump, driven by a three phase inverter
with variable voltage and connected to a PV generator of 1,7 kWp rated power. The system
was provided by Solartec Company from Argentina and installed jointly by the Direccion de
Recusos Energéticos (the energy unit of the province government) and the inhabitants of the
village. The evaluationof the project indicated no problems withe inverter However,the
submergible pump fald after 4 years of operation atie entire motepump unit had to be
replaced.

From the technical point of view Wind/diesel and PV/diesel hybrid systems combine many of
the advantages of these technologies and overcoaerg/ of the limitations ofenewable
energy systems. Thus, they offer an adequateisoltd isolated rural productive units and
communities. However, the increased investment arstismaintenance complexitsually

make this option unfeasible.

5 parodi, Orlando and others, Balde de Leyes: The Electrification of a Remote Village in Argentina, Fraunhofer
Institute for Solar Energy Systes ISE, 2003http://artsarchive.tripod.com/03sene/argentina_Solar.pdf
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Storage
Table 2.17 Technologies used for water storage
Technology Advantages Disadvantages
Higher pollution risk. High
Open : ) 2
b Lower cost by volume evaporation. Requires lining to reduc
arrages
losses
Low-Mediumcost Widespread | Rare to findwith large volume
Underground ) L
its for low volume and shallow capacity Infiltration loses Labor
P water resources intensive for construction.
Uncovered
Australian Fast installation High evaporation losses and cost
tanks
Fast installation. Lower risk of
Covered . .
tanks water pol_lutlon. Low Higher cost by volume
evaporative losses

Source: own elaboration

Starage is a key component of an adaptation strategy to increased water stress due to climate
variability. Reference storage capacity can be calculated based on community water
requirements (three days storage) and cattle watering (five days st@tmyayjein tanks is

costly but usually less expensive than investing in larger PV pumping capacity.

Open basins and reservoirs should be utilized only for providing drinking water for animals
and irrigation.

Irrigation

Table 2.18 Technologies used for irrigation

Technology Advantages Disadvantages

e Low pressure and water
flow requirements. High
efficiency

e Adequate for areas with
inadequate topographic
conditions for gravity
irrigation.

e Incorrect management methods
could lead to salinization.

e  Uniformity problems with some
technologies and irrigation
schemes.

e High energy consumption under

Dri . . lcati :
fp e Adequate for areas which lsncchoer::]a g; a(lf pslf: 'ioléuie&gn
do not have irrigation rightg HP/Ha)(Fon.teIa 2'005)
(access to phlic water e Cost '
distribution infrastructure) «  O&M requirements
e Compatible with . . .
fertirrigationand weed ¢ BI%‘?k'ngtOfd”p emittersby
controltechniques sediments
e Mid-high water pressure | | Medium losses
and flow . e Medium to high energy
Sprinkler e Adequate for areas with consumption

inadequate topographic
conditions for gravity
irrigation.

e Cost
e O&M requirements
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e Adequate for areas which
do not have irrigation rightg
(access to public water
distribution infrastructure)

e Low efficiency.Large evaporation

e High water flow and infiltration losses
requirements. e Depends on gravity and thus is
Trench ; ;
e Lower cost restricted to areas with adequate
e Lower energy consuntion planialtimetry.

e Access depends on water use rig

Source: own elaboration

Drip irrigation cost in Mendoza province is bewn 1,400USD/Ha and 2,500USD/Ha
depending on the type of crgpontela, 200p The main drawback in serdeset conditions

is the risk of salinization of the root area when using water with significant salinity levels.
The investment cost is usually jugtdl when producing high value crops, in particular for the
export market.

The most adequate technologies for the aemker study are advanced locatizirrigation
methods such as drip irrigation. However, these technologies also present drawbacks when
designed or applied incorrectly.

Purification

Table 2.19 Technologies used for water purification

Technology Advantages Disadvantages

Requires chemical inpu€ost. Do®

Chemical Reliable o
application

Solar Low cost Efficiency. Volume treated

Source: avn elaboration
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Niches

Table 2.20 Main niches assessed in the present study

Technology Population Type of use AssociatedCase Study
1. Small scale wind pumping Prod.uc"uverth some . .
WEC* (isolated) 1 Isolated users restrlcthns Services, | Michacheo- Neuquén
Residential (low pwer)
Residential, Services,
productivewith
2. Small scale PV pumping Rural communities significant restrictions Rural isolated
(isolated) (hydraulic load and Catamarca

depth limit9. Small
variations in demand

3. Large scale wind power| Rural areas close to thg All power levels and

(grid connected) distribution grid uses Araucol La Rioja

Source: own elaboration

Table 2.21 Assessment of indicators for Niche 1
Small scale wind pumping for isolatecrural households(based on

Niche MichacheoCase Study R, (P), S
REPRESENTATIVENESS
N Medium to high(moderately windy areas with shallow to medium water
Replicability
depth)
Population benefited Low
Complexity Medium. Low and medium voltage electricity usasl water volumes.
SUSTAINABILITY/ VIABILITY/ SUITABILITY
Affordability Medium to low
Effectiveness Medium
Risk of obsolescence Low to medium Coupling with the pump needs improvement
Medium to high. It requires a certain management of the demattonmodat
Flexibility a higher requirement. Furthermore, another genematstorage facilitynust bg

installedif water demand increases
Technological capability High potentialbut far from application plac&Veak O&M

Suitability and urgency Medium to high

. Medium to High, if combined with adequate water storage and produ
Reslience s

activities

Environmental protection |Low negative impact. Noise, electromagnetic interference.
Social acceptance High
CD requirements High. Minimum maintenance and adequateigigsinstallation, and use.
Income generation Medium. It allowslimited productive activities

Source: own elaboration
R: residential uses; S: services; P: productive uses; () means that could be used with
restrictions

“6Wind energy converters
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Figure 2.16 A 4.5kW wind energy converter installed in the Michacheo Valley
for water pumping

Source: Technical Extension UriTI Neuquén

Table 2.22 Assessment of indicators for Niche 2

Niche Small scale photovoltaic pumping for rural communities based on
Catamarca Case Study R, S, (P)
REPRESENTATIVENESS
Replicability High (high insolation rural areas$n semidesert regions, low to medit

underground water levgls

Population benefited

Low

Complexity

Mediumto low. Allows meeting multiple medium and low voltage efiity ang
waterrequirements.

SUSTAINABILITY/ VIABI

LITY/ SUITABILITY

Affordability

Very Low

Effectiveness

Medium. Limited by the high cost and low voltage of the systems. In tu
certain places it represents the only option to provide digtifor pumping
water in limited amounts

Risk of obsolescence

Medium. The efficiency of the systems is still quite low. Much research is
carried out on thisAlso the coupling with the pump and the hydraulic load r|
of the pumps need improvente

Flexibility

Low to medium. The modules yield low powend water volumeand may onl
supply electricitywater to limited applcations. The technology is modu
except for some BOS components. Expansions are restricted b
considerationand theneed of new boreholeThey may be transferred with
much effort, if required.

Technological capability

Still deficient and costly O&M infrastructure for the supplier and the consun

Suitability and urgency

Very high for certain uses and placeskiag other reliable options for electric
generationand water pumpingThe most critical uses are relatedrasidentia
uses andommunity services.

Resilience

Medium to low. The procurement, O&M of the system may capture the
economic resourcesf the communitywithout enhancing productive activit
and income generation

Environmental protection

Medium to lownegative impactMainly related to the operation of the batte
and the manufacture of the photovoltaic cells.
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Medium. Some rejection associated to its limited poaved water volumewhich
Social acceptance prevents meeting aaising or fluctuating demandand is worsened by troub
due to misuse and lack of adequate maintenance.

Medium to high. Adequate design, irkdon and use, knowledge on limitatio
minimum maintenance

In general, brought forward here for social purposes, although water pu
communications, and lighting uses also have repercussions on pro
Income generation activities and, thus, oincome generation. Nevertheless, the high cost per |
unit results in the installation of lopower systems with limitations f
production applications.

Source: own elaboration

R: residential uses; S: services; P: productive uses; () means thdt moulsed with
restrictions

CD requirements

Table 2.23 Assessment of indicators for Niche 3
Large scale wind power generation for gridinterconnectionR, S, P

Niche (based on Arauco Case Study)

REPRESENTATIVENESS
Replicability Medium(good wind resource avable near transmission grid)
Population benefited High (provides éectricity to the national grid, for all uses and power levels)
Complexity High. Needs complement with nesariable generators.

SUSTAINABILITY/ VIABILITY/ SUITABILITY

Medium (incentives available at national levéeyond certain power levels n

Affordability increase energy cost and backup requirements.

Effectiveness High

Risk of obsolescence Medium to Low (technology advances towards higher level power units)

Flexibility High. Can easily accommodate increasing and fluctuating demand

Technological capability Medium to high (national capacity available)

Suitability and urgency Very high Allows medium and large scale productive activities.

Resilience High

Environmentabrotection Mgdium to low negative impact (noise, electromagnetic interference,
nuisance)

Social acceptance High (some conflicts near urban areas)

CD requirements High (design, installation, O&M)T&D infrastructure

Medium to high éllows many productive activitiewithout significant powse
constrainty

Income generation

Source: own elaboration
R: residential uses; S: services; P: productive uses; () means that could be used with
restrictions

2.3 ldentification of problems and priority setting

This section presents éharacteriation of the current situation and its possible trenthe
framework of climatic senarios. The diagnosis allows identifying and setting a priority level
to the different problems, pinpointing those where energy couldfisgmily contribute to its
resolution. The diagnosis also allows ctassification of problems into the following
dimensions:
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EconomieFinancial
Sociocultural
Technological
Institutional
Regulatory/Legal
Environmental
Crosscutting

O O O0OO0OO0OO0o0Oo

In turn, each problenactually constitutes a component of what can be called a problem
situation. Several of these components can be identified and are relevant for the diagnosis

Dimension (Economic, environmentatgc)
Causes

Problem definition

Manifestation of the problem
Stakeholders involved

O O O0OO0Oo
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Key problemsfor selected Case Studies

Table 2.24 Identification of problems for Case Studies

Problem Michacheo Catamarca Arauco

Low precipitation rates, serdiesert conditions

Scarce availability of groundwater and watt@rage capacity

Pollution, sedimentation and evaporation in groundwater reservoirs

Increased climatic stress (higher temperatures, lower precipitation rates, high evaporation)

Increased cloudiness, lower generation

Regions prone teoil erosion

High cost of conventional energy/water (O&M costs)

Do D> 3 |De 2o

Conventional Energy access issues (e.g. fuel supply, equipment failure, low reliability/power,
restricted water supply)

Underground water access and quality issues @seren water level depth, salinity)

Limited knowledge on local hydrologic cycle/balance and in particular of the dynamic of
underground water resources

b

Limited monitoring and information availability

e Do [0 o Do 3|33

Use of unsustainable water use nogkh

Unsustainable productive activities

Conflicts between uses

High investment cost of renewable energy systems

High cost of water irrigation/storage/distribution infrastructure

Technical limitations of renewable energy syssem

Low income / subsistence economies

High requirement of human resources for adaptation, implementation and long term operation
renewable systems.

Technology transfer barriers due to cultural traits of target population and inst@irganizational
issues

Low number of rural inhabitants, exclusion from development model and policy agenda

Tl Do Bo [ Do | Dol 3| I

Ruralurban migration of young people

Precarious land tenure rights

Poor soil quality, scarce forage production aggravhjedverexploitation

Community disbelief due to negative experiences

Inadequate Community organizational/management levels

Poor institutional coordination for technological transfer. Bureaucracy

ool 30| Too| ool To{ o ool Do o | B | Be o el x| Dol o303 o | 3] 30| 30| 2 30| 30| 2
Tl T>of 3>

Lack of adequate financing A

Source:own elaboration
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Table 2.25 Problem situations related with RETs. Niche 17 Case study Michacheo

Elements of the
problem

Field or
dimension

Problem definition

Problem manifestation

Causes

Involved stakeholders

Objective

Socioeconomic

Pump systenmvegment cost
is not affordable byarmers

Households restriatater use for

productive activities tesubsistence

Systemis aimed ahigh income sector:
(e.g. oil industry) Manufacturing
processes are underdeveloped. Smal
production level. Adegate financing

Energy Secretariat, Economy
Ministry, Congress

WEC systems are affordable
for farmers

levels ) -
schemes and incentives are not
available. Too low income.
Small wind turbines from
different brands have uneven
quality and performance. Inadequatenaterials, Systems are not alwag$ adequate

Installation procedures are
variable Post sales services

installatiorluseresulsin early
malfunction and creatioof

quality andadapted for intended use
(reducing maintenance requirements

IRAM, INTI, CREE,

Good quality equipment and
installation procedures are

Technical are limited and critical for lon| negative reputatiarinstallations | and increasing reliability). Users and m;?tﬂi?g;grers’ R&D g\rl‘zllgg)rl]ebaet é?ezsrcl);%t:alﬁtiii%sc}
term sustalnabllltjguarantee, require longterm technical mstallc_ers‘not always have apprigte Post sales service is adequat
insurance, maintenance support. capacitation
infrastructure technical
suppor}

. No dissemination campaign. WEC are well known tola
Conventional systems are Uncertainty, ngative reputation and | Developers, planners relevant stakeholders and
Political- WEC systems amot well preferred for gr!d Interconnection higher peceived complexity and cost | developers, installers, IRAM, | considered as a feasible optiq
I known among planners, Diesel or gasoline generating se . 3 -
Institutional : than conventional systems. Perceptid INTI, CREE, manufacturers, | to complement conventional
developers are preferred for isolated f lack of . i R S ¢
applications of lack of maturity. Quality stanqlards R&D institutions systems in g(lds_and or
are not enforced. Lack of experience isolated applications.
Only very specific WEC niches
- linked to mid ad high income WEC are not well known. Playing ruld . WEC systems are promotegl
P.Ol't.'cal SmallWEC are 'T'Ot. promoted population (small WEC) and pilo{ are not stable (economy, policy). Lac| Engrgy Secretariat, Economy means of adequate incentiveg
Institutional and have low priority Ministry, Congress

projects (large WEC) are
developed.

of maturity perception

to ensure long term growth
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Strictly
energetic

For small communities WEC | Water $oragesystem is needed

may not cover 100% ofvater
pumpingrequirements.

with resulting impact on
investment.

Wind resource is variable aloniget
year

Installers, developers, planne

Advanced WEC/Diesel
systems are designed as a
tradeoff between convention
fuel savings and system cost

Source: own elaboration

Table 2.26 Problem situations related with RETs. Niche 217 Case study Catamarca

Elements of thel
problem

Field or
dimension

Problem definition

Problem manifestation

Causes

Involved stakeholders

Objective

Socioeconomic

Subsistence economies
prevent investing ifPV water
pumping and associated
infrastructure

Water supply systemse
precarious, mostly depend on
groundwater sources and public
investment decisions

Rural low income population is not
included in the development model. N
specific policies are implemented.

Agricultural development
units (PSA), INTI, National
water instiutions (SSRH,
ENHOSA)

Rural inhabitants can afford
investment in required
technologies

PV water pumpingystem
presentdimitations PV

PV pumping does not cover all

Incorrect match between supply optid

Provincial planning

Supply scheme is adequate fi

and lowpayment capacity. Lack of
capacity development.

service provider

Technical pumping does not adapt to . and requirementsnadequate system | institutions; local government| expected water requirements
; water requiremets . . )
fluctuating demand (e.qg. management and storage capacity. | service provider along the year
irrigation)
Lack of proper O&M infrastructure,
Pdlitical - Lack d long term planning. | Limited system life time. zxa”i?t"gﬁgijp%reu?;zgsﬁ zinsd é?gir;r;: ::lrsc;?;ll;]t%ilspllzggllngovernment Systems perform adequate
Institutional Technology driven projects. | Extended maintenance periods pp pop P ' 9 in the long term

Source: own elaboration
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Table 2.27 Problem situations related with RETs. Niche 371 Case study Arauco

Elements of the

problem
Problem definition Problem manifestation Causes Involved stakeholders Objective
Field or
dimension
; ; . Lack of performance records aofl . - ) N
coonomic | racis eauteible | oo take tong e to matu experience mprovng rance | FEITOMISIY. | Adesste nancing
which arelimited and secure funds Project investment and guarantees government implementation istseamlined
required are high.
Lack of long term experiencq Increased maintenance Lack of adaptanIn OfeChn.omgﬁamk] . f
Technical with this technology in requirementaind reduced management to locabnditions Lac Manufacturers, operator, Systems perform as expected

Argentina.

generatiorin relation to expected|

of long termassessment of wind
resources.

provincial government

in the long-term

Strictly energetic

Sites for implementatiomust
comply with several
restrictions(high wind
resource + adequate
transmission infastructure +
access property + thers)

High potential sitesire limited
and not evenly distributed among
provinces

Wind resources distribution is unever
and T&D infrastructure has a limited
extentand presents weak areas.

Energy Secretariat; Planning
Ministry; provincial
governments

All good potential wind sites
are exploited and supply
energy to the interconnected
grid

Source: own elaboration
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The identification of problems for each case studies constitutes the necessarny ideutifly
barriers to the use of RE for water pumping in a more general framework and applicable to

other situations with similar characteristics (see Section 2.4 for a general description of
barriers).
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2.4 Diagnosis Summary

This section summars tle main findings of case studies assessment and the issue of water
accessin arid and semiarid areas the framework ofthe climate changeand climate
variability phenomenaAn asessment of the potential role of renewable energies the

main barrierss carried out

The vulnerability of arid and serarid regions to climatic variability depends on the complex
interaction of natural and anthropogenic factors that reinforce each other, the latter playing a
very important role. Due to this reason, the aalfagn to this issue requires the coordinated
adoption of a set of actions in very different areas, including those aimed at guaranteeing the
access to water resources. In the same context, renewable energies could play a role in the
mitigation of this prblem under some specific circumstances, but they do not guarantee a
successful outcome on their own. Given the anthropogenic componemseplienomes,

the measures that could be adopted to improve the management of water and soil resources
are of equabr higher relevancéhan those aimed at guaranteeing adequate access to water
resources

Some of he dry regions analygd depend almost exclusively from underground water
resources to satisfy current water requireméB@rros, 199Y. More than 95%of water
resources in La Rioja Province are underground resouftes, the potential influence of
climate change over access to underground water resources behemey tssue for these
regions.Additionally, underground water supply schemes seem to berlztapted to cope

with increased water stress situations, even more if they are linked to high volume storage
facilities.

However, both renewable and nmmewable water supply systems could be affected by a
decreased availability of underground watere do salinization pollution or water level
depression, linked or not to climate changjbese effects are becoming more common and
indicate the need to exploit deeper aquifehsder these situations both types of systems face
increased costs and techadichallenges to solve water availability problems. Also, reliability
and energy security problems are not exclusive of-aumventional energy systems.
Effectively, renewable systems could also be affected by these problems and require
significant plannig and support schemes to prevent most of tlamah ensure long term
sustainability as indicated by case studies (Michacheo and Catamarc@anodi, 1999)

Undersomesituations, enewable energy systems seem to offer a cheaper and more reliable
alterrative to conventional systems when pumping water from underwater sources in isolated
locations.However, renewable energy systems could also show limitations to cope with some
situations posed byclimatic variability when pumping head and/or watevolume
requirements are large or highly seasonal fergcrop irrigation). For example, photovoltaic
pumping systems are not available for high head wells for flow rates above 4mi&/day.
particular, under high water demand levels the depression of watemevells could lead to
diesel becoming a more cost effective option than PV pumpdmyCom, 2005 Thus,
medium to large productive activities usually depend on other technology options (grid,
diesel).
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In summary an adequate adaptation strategy to climhngenducedwater stress should go
beyond the specific technology used to pump water and include measures such as: diversify
water supply sources, increase water storage facilities, implativentof efficient and
rational water uselhis in turn requies adequate planning that takes into account the potential
climatic scenarios when designing/modifying water supply schefriaaly, there are also
significant differences among renewable energy systems in terms of cost, O&M requirements,
power &ailable social acceptance, that should be considered when selecting a techhology
broad termst could be said that the preferred ordethin renewable optionsvould be:

hydro, wind, solar However, resources availabilitig the key factor to make the final
selection between these three resources,uaodllyleads toexclude hydro from the list in

dry areas

Someconclusions from the diagnosis:

o Thedry regions under study seem to be particularly sensible to the increased climatic
variability that would ocar in the coming decades. These changes will probably
aggravate the existing water stress problem, converting sporadic critic situations into a
common condition.

o In the Cuyo valleys regigrthe ENSO phenomenon seems to be the key aspect that
restrainsboth surface and underground water availabilityotlgh the reduction of
snowfalls in the high Andes. It is still not clear in which wayn@ie Giange could
affect ENSO, but it is probabléhat it will contribute to the worsening of arid
conditions through #increase in evapotranspiration.

o Climatic variability and the potential effects of Climate Change overahig one of
the many issues that lead to water availability problems in arid andaselmegions
others being related to water infrastructuvaier management and use

o Though the region has suffered extreme hydrological events, it has not yet
implemented rational and efficient water use measures in a complete, integrated and
systematic way. In particular, small rural productive units stilltresditional irrigation
methods (mainly gravitational based).

0o Where adequate water resources are available, the adoption of other measures to
reduce vulnerability and migration risk is also highly recommended (e.g. small
forestation projects for firewoodpdder and windbreak in areas where biomass is
usually scarcesolar water heating

0 Young people migration phenomenon is already present in some of these regions due
to harsh conditions, isolation and low quality of life compared to urban areas. Energy
has a key role to improve living conditions and reduce isolation perception
(recreational and social uses of energy)

o The reductionof rural productivity due to climatic variability will have to be
compensated by a redesign of productive activities and themeccialization of
higher market value products in order to sustain or even increase income.

o0 The adaptation of these regions to the growing water stress will require significant
investments in new infrastructure and financing capacity. These are gebhenailyd
the possibilities of individuals and should &gpportedby the State. The investment
requiredalso goes beyond the implementation of renewable energy water pumping
systems, comprising also storage and distribution infrastructure as well as
technolmies that allow more efficient water use and can protect adequatelyhieoth
soil and its natural cover.
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o Regulatory framework and water policiessome provinces seetm be inadequate for
dealing with increased water stress situations in the coming dedaaieicularly, the
implementation of rational water use practices and efficient technologies is not fully
enforced and supported by adequate incentiVas may be due to lack of human
resources and of ageate budget for implementation, but atsofragmentation and
deficiencies in the integrated management of water resources between several
institutionsand sectors

0 At least three other conditions afendamentalfor an adequate implementation of
adaptation strategies: an advanced degree of communiganiaation and
commitment; capacity development for the implementation and use of the new
technologies; and support of productive activities consistent with the water resource
available (land use planning).

o It is unlikely that the conditions for the adede implementation of an adaptation
strategy could be created without an active State-teng intervention and support,
and based on the strengthening of productive activities adapted to each Iregjs.
sense, the promotion of high value produbit are better adapted to dry conditions
than traditional productand the manufacture of high added value ones may constitute
and interesting strategy to cope with decreased water availability.

o The water stressituation aggravates in marginally produetigreas surrounding the
so called fAOasi so0. edohomicrgsouces|aadtwhiohnis neti t h
comprised by long term development policies is usually displaced towards these areas
creating high vulnerability conditions

o An adequate management pfimping systemsboreholes,and pumping schedule
could play a significant role in preventing a lowering in water table level and the
salinization of boreholes.This in turn could enhance the opportunities of
dissemination of PV pumping

o Information availal# is still scarce and fragmented. The sole identification of the
current status of rural communities in relation to water availability and uses poses a
challenge since the main information sources are outdated and limited in extent. More
information is avdable on water and energy resources at provincial level, but with
important gaps in monitoring infrastructus#ll exist

o Small producers face an unfair distribution of water infrastructure investment which
limits access to adequate water resourcesrifigration agriculture. This is partly due
to privileged access of large agricultural producerthédest productive areas the
oasis

0 The complexity of the problem situation requires for the intervention of many
knowledge areas and their correspondmgjitutions. However, deficiencies in irnter
institutional coordination can lead to the overlapping of sporadic initiatives and
population lack of commitment, and to projects lacking key components and prone to
failure.

o The long term productive sustainkiyi of these regions depends on the adoption of an
adaptation strategy that incorporates all these elements in a coherent way.

In relation to the use of renewable energy resowandgechnologies

o Many small rural producers in these dry areas havertgally settled in places where
there existed surface aquifers or shallow underground water resources that are
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disappearing due to climatic variability. In these cases renewable energies could offer
a suitable pumping option for some ugeg. Savoniusocally made windmills, PV,
or small WEC)

o In other dry areas where the lack of surface aquifers prevents productive activities,
exploiting underground water resources is a key component of development. In those
places where water volume and depth areablet renewable energies could play a
significant role.

o Isolated RE could also have a key role to improve energization levels in rural areas,
increasing life quality conditions, making possible small productive activities, and
redueng ruralurban migratio (e.g.PV and small WEC for productive and recreation
uses, SWH, solar driers, thermoelectric generators with biomass, windmills for
mechanical energy, etc.)

o There exists some small scale and fragmented experience accumulated since the 80°s
in the use ofenewable energy systems for improving the access to water resources in
these areas. Results have been variable, but in general they have led to an
improvement in access, though problems have manifested in the adoption and long
term implementation of theew technologies.

o0 RE pumping projects tend to have a high investment (@asticularly PV) which
requires the participation of a financing institution or a donor in the project. These
specific project requirements are usually beyond the administratibritias and
knowledge of local authorities.

o The implementation of water supply initiatives based on renewable energies still rely
on the dissemination and technical support provided by research centers working in
each region (Universities, INTI, INTA, e)c No widespread knowledge is available
on these options among local planners. Renewable options tend to be adopted when
conventional options are excluded, mainly due to cost or fuel supply issues.

o Isolated renewable energy based pumping systems seeegumer more technical
support (long term) and capacity development of the local community than diesel
systems.

o Conventional systems tend to have a better local support infrastructure, and more
knowledge is locally available on this technology than on rabévenergy systems.
Accordingly, maintenance time may be longer for renewable energies (spare parts
supply, human resources availégj, which constitutes a seriouysroblem when
dealing with water supply

o When feasible, the extension of the power ghdudd be the first option to assess
given its advantages in terms of energization of productive activities, and water
pumping and distribution. In this context, grid connected renewable energies could
help support weak networks, reduce electricity c@std specific emissionsand
increase the reliability and power available. This requires a high renewable resource
potential in an areelose to the transmission grid that is not saturated.

o For highly isolated communities, the availability of renewable ensrggurces close
to the users usually restricts the range of pumping options. In some arid and semiarid
areas, solar is sometimes the only renewable resource available with adequate
distribution along the year.

o For isolated applicationsnder specific ceumstances conventional pumping systems
could offer certain advantages over solar pumping (e.g. suitable for high hydraulic
loads and variable water demand, familiar technology). In these situations it could be
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advisable to combine both systems into a tdybystem. This has the added advantage

of not depending on a single pumping technology or on a single borehole.

IsolatedPV pumping could offer a technical solution for very small rural productive
units with no previous pumping system or replacing masysiems, or for human
water supplyn communities with even water demand along the year. In this sense, PV
pumping could constitute an intermediate step between precarious low volume water
supply systems and hybrid or diesel pumping systems more suitalbieedium to

large scale productive units.

Any water supply system requires plans to ensure provision during maintenance
periods, particularly during water stress and/or high demand periods. This may require
the installation of hybrid systems, the availip of large storage capacity, and the

perforation of at least two productive boreholes per community.

Table 2.28 Summary of barriers to the use of renewable energies for water
supply in arid and semi-arid areas 1| Components of the problem situation

General framework

Lack of interinstitutional and sectorial coordinatioimtegrated planning

Institutional weakness, Inadequate contimmestmentand/or implementationf water serviceand works

Inadequate regulatory framework (e.g. to cope with alicwvariability)

Lack of adequate information

. Exclusion of rural poor population from development model

More or less independent of pumping technology (includingREs, diesel and EE)

Low payment capacity. Subsistence economies

. Low Community organizatin level / resourceslser conflicts

. Restricted access to underground water resoutdkger level depressiopértly associated to inadequate

management of pumping infrastructaed climatic variability

12.

Restricted availability of water resourcéiscreased erosion.

13.

Unsustainable water uséntreased water requirements (partly due to increased evapotranspiration)

14.

Salinization of wateresourcegassociated to inadequate management of pumping infrastructure)

15.

Requirements fomvestment irassociatedhfrastructure (e.g. trickle irrigation)

16.

Limited knowledge on community characteristics, resources and water requirements

More specific to Renewable Energy options

g. Isolated systems (e.g. staradone PV Large scale- Grid connected (e.gArauco wind
Catamarca) farm)

6. Technical limitations in water volume and/or he; Large scale projecessociated with good power
restrictstheir use under some conditions and for availability andiow costs may reach unsagtable
productive activities, particularly for irrigation water use levels if not properly designed

7. High investment cost (pumping system and High investment cost
storage)

8. \sALIJ(E)?)I(()r(t).glL?l\iASII(ng? s)t(g;tg;z / dlgvr;i%:r&rt;%r;mcal Limited extent of EE T&D infrastructure.

Good quality renewable energy resources shou

9. Renewable energy resources need to be availd be available close to the transmission grid.
close to the users. Resource quality requirement is higher than for

small scale projects.

10. Knowledge and perceptiabout the performance

and suitability of the technology is limited amon
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local planners.

Source: own elaboratidmased on Case Studies
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3. General description of an adaptation strategy to climate
change

3.1 Objectives Strategic Outlinesand Instruments

The objectives that should guide an adaptation strategy are defined based on the identification
of the main problem situations. These objectives indicate what needs to be achieved through
the implementation of policies. Thus, their definition regsian identification of the desired

and feasible situation. Those objectives where energy could plsigndicant role are
identified

Strategic outlines are defined for each objective and indicate how to put them into practice in
the context of framew& conditions.Those strategic outlines where renewable energies could
play an important role are identified.

An assessment of the role cénewable energies performed in the framework of the
adaptation strategiparriers, advantages and limitatiorfgheeir contributionto this strategy

The assessment will try to evaluate to what extieetenewable energies can provide a tool
for building resilience and adaptation capacity through the provision of sufficient energy for
pumping watersupply to prauctive activities processing and preservation of agricultural
products among other issues. Diverse situatiansanalyzedsmall and largescale, isolated
areas as well as grid connected areas with energy security problems.

Case studies provide illtration of specific situations where renewable energies
implementation allowed objectivéglfilment. It is important to identify and remark as far as
possible, those particular elements that allowed the success of the experience. Meaning
financial, poliical, local population capacity or expertise aspects, that took place at the case
studies.

From the assessment of barriers we can see that climate variability may affect water resources
through three main mechanisms:

a) Reduced water availability
b) Reduced weer access (e.g. water table level depression)
c) Increased water requirements (e.g. due to increased evapotranspiration)

These mechanisms affect in different ways each water supply technology. In this sense, some
renewable energy technologies seem to be delspted to cope with changes related with b)

and c)(e.g. PV) On the other hand, all water supply technologies, but in particular RE ones,
benefit from the implementation of rational water use measures and water storage facilities.

We can also noténat successful agricultural/livestock production experiences in the semiarid
regions have combined high market value products coming from species adapted to dry
conditions, adequate power supply, knowledge, technology and organization. Thus, the above
mentoned mechanisms (a), b), c)) also affect rural populgilomifferent ways, depending
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on whether a given rural community can adapt to increased water stress situBhiGN®
turndepends on a set nfral populatiortraits among which we can strebkg following:

d) Degree of socioeconomic development
e) Organizational/capacitation level
f) Potential access to energy resources

Community resilience to climatic variabilitytrongly depends othese characteristics. This

also indicates the need to develop djl & as a necessary condition for the successful and
long term implementation of water/energy systems in isolated regisrthie basis for a
sustainable productive structuié also indicates the need for long term support and a large
assignation of humaand economic resources for the most deprived communities that goes
beyond the specific water issue and covers more general capacitation, technology and
infrastructure issues. In summary, tackling water supply in these communities involves a
coherent andntegrated development strategy involving a strorateSsupport and policy
decision, and where producers” associations and cooperatives could play a key role.

Table 3.1 General Strategic Outlines

Problem: Lack of interinstitutional and sectorial coorthtion

Objective: Projects are successful and effective in the achievement of development objectives

Strategic outlines

e Develop national/provincial strategy for dealing with the problem situation
e Conceive projects in the framework of coordinated pnmgrand plans
e Coordinatethe participation oéll relevant institutions

Instruments / Actions

e Perform diagnosis with participative methodology
e Provide visibility to the problem situation
e Convene stakeholders for discussing and elaborating strategies
e Constitute intefinstitutional links and work areas
e Promote information sharing among institutions and with the general public
e Assign human resources and funds
e Develop plans and projects, assign priorities
¢ Implement and monitor projects
e Review strategies aritbrate
e Promote landiseplanningand integrated resource management
e Strengthen application authorities
Stakeholders
e Policy makers
e Planners at all levels
e INTA
e INTI
e Universitiesand other academic institutions
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NGOs

Professional associations

RE associabns

Public water institutions and other water/energy services providers
PAN

RIOD

ENOHSA

SAyDS

SSRH

COHIFE

Problem: Institutional weaknessnadequate contrpinvestmentand/or implementationf water services

Objective: Institutions carry out theilasks in adequate way

Strategic outlines

Support capacity development in public institutions
Ensure the availability of adequate resources for task implementation

Instruments / Actions

Provide capacitation opportunities

Provide incentives for fulier capacitation of technical and policy levels

Promote restoring of information sources and sharing of information among institutions
Support the incorporation of technical human resources, particularly at key positions
Design and implement long term axtiplans

Provide adequate funds for implementation and control tasks

Assign priorities the use of the fiduciary furfdr water infrastructure

Review water services concessions

Promote coordination between institutions

Financing management

Stakeholders

Planners at all levels

Regulatory bodies

Policy makers

Water/Energy Public institutions
Universities and other academic institutions
ENOHSA

SSRHN

COHIFE

Problem: Inadequate regulatory framework (e.g. to cope with climatic variability)

Obijective: The regulatory framework supports adequately an adaptation strategy

Strategic outlines
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e Update/modify water/energy regulatory framework in thetext of the problem situation

Instruments / Actions

e Perform diagnosis andeédtify main modifications ragred
e Modify institutional framework, coordinate institutions
e Assign specific funds for infrastructure and incentives for most deprived population
e Disseminate problem situation among policy makers
e Technical departments perform a review of the regulatampéwork and propose main modifications
to competent regulatory body and legal representatives
e Lobby for updated regulatory framework with users” support
e Assign responsible institutions for implementation
e Assign corresponding funds and human resources
¢ Implement and control
Stakeholders
e Policy makers
e Planners at all levels
e Regulatory bodies (energy and water)
e Service providers
e Technical departments
e PAN
e RIOD
e ENOHSA
e Universities and other academic institutions
e SAyDS
e SMN

Problem: Exclusion of rural poopopulation from development model

Objective: Deprived rural sectors achieve adequate development levels

Strategic outlines

e Design and implement long term development strategy for this sector
e Assign funds and human resources in a more equitable way

Instruments / Actions

Assess infrastructure and capacity requirements

Assign irrigation and water infrastructure funds in equitable way

Support capacity development

Implement adequate rural energization programs for productive, residential and sextdre 3éis
will increase rural life quality conditions and reduce isolation perceptioly@unay people migration

Stakeholders

e Policy makers
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Planners at all levels

Regulatory bodies (energy and water)
PSA

PROSAP

Agriculture Ministry

Planning Ministry

Table 3.2 Strategic Outlines relevant for isolated RE systems

Problem: Technical limitations in water volume and/or head resttiets use under some conditions and for|
productive activities, particularly for irrigation

Objective: Provide asuitabk technical solution foevery volume/head pumping conditions

Strategic outlines

e Foster R&D&D on advanced renewable energy pumps for high hydraulic load situations

e Develop low cost large volume storage options

e Promote productive activities compatiblé&lwsupply volume (livestock, low scale irrigation, plant
varieties for dry conditionand high value produdts

e Promoteefficient water use technologies

Instruments / Actions

e Includedevelopment/improvement of RE pumping technoliody national R&&D areas and assigr
funds and human resources

e Improve access to funds, machinery and expertise available for the construction of barragesq da
other water storage infrastituce

e Disseminate plant and animal varieties adapted to dry condipanticulaly those with high market
value

e Provide subsidies and adequate financing for investment in efficient technologies (e.qg. trickle
irrigation)

Stakeholders

Universities and other academic institutions
SeCyT / CONICET

Agricultural and livestock Ministry

INTA

INTI

Problem: High investment cost (pumping system and storage)

Obijective: Improve access to technology

Strategic outlines

e R&D&D to reduce technology costs.g. materials and processes)
e Support the development of local industrial capacity tiuce technology imports of costly
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components

Enlarge market volume to reduce technology costs
Provide adequate financing and furidsselected projects
Develop low cost large volume storage options
Support productive activitiesnd integration to market

Instruments / Actions

e Includedevelopment/improvement of RE system components and production methods into nati
R&D&D areas and assign funds and human resources

e Promotdinks between R&I&D capacity and related industries for knowledge transfecaming RE

e Provide tax incentives and financing to the industrial development of RE components

e Identify selected communities where RE pumping option is feasible. Elaborate national plan in ¢
coordinate the association of all projects aaduce fixel transaction costgf(ojectbundling)

e Promote projects at national scale for RE water supply for public services (rural schools, health
outposts, park rangers, etc.)

¢ Involve National Development Banks in project financing

e Improve access to funds, machyand expertise available for the construction of barrages, dams
other water storage infrastructure

e Provide capacity development for obtaining better conditions for the commercialization of produ
the local creation of added value, and the accesmtkets.

e Support the creation of producers associations and cooperatives in order to take advantage of
economies of scale, reach minimum commercialization levels, and be able to negotiate better p

Stakeholders
e Universities and other academic itgions
e SeCyT/CONICET
e Agricultural and livestock Ministry
e Energy Secretariat / Infrastructure Ministry
e INTA
e INTI

Problem: Weak O&M infrastructure / long term technical support. Risk of extended-tiovenperiods

Objective: Ensure long term operaticand low maintenance time

Strategic outlines

e Improve post sale and technical support services (geographical coverage)

e Improve system failure diagnosis (component, expected lifetime range) and use it to anticipate
parts requirements.

e Increasesysem reliability(adequate design, use and technology)

Instruments / Actions

e Develop standards and certification schemes for technologies and sefgisesiate incentives to the
certification of production methods, products and services. Promoteradeatficationand
disseminate certified prodts

e Develop a regional spare parts storage facility
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e Contemplate long term technical support alternatives from the project desiginstagimg local
resources and public technical institutions

e Involve localcommunity in projectsDevelop local resources to tackle minimum maintenance
requirements, perform preliminary diagnosis andure an adequate operatice

e Implement adequate communication mechanisms to report failures and request support/spare |

e Develop local capacities (e.g. blacksmithsaftsmen

Stakeholders

System omponentsmanufacturers, importers and distributors
National Metrology and Standards Institute

Universities and other academic institutions

RE associations

INTI

Local governmentepresentatives

Producers associations

Problem: Renewable energy resources need to be available close to the users.

Obijective: Improve the knowledge on RE resources at local level

Strategic outlines

e Implement monitoringf renewable energy resoecat local level.

e Develop a geographical database for the integrated assessment of population settlements and
(GIS).

¢ Identify suitable technical options for energy supply in each community.

Instruments / Actions

e Expand coverage &RE resoucesmeasurement stationigtegrate into meteorological stations.

e Collect and associatgeographical data to population distribution and traits, and for resource may
including water resources

e Classify rural population settlements according to ressuswailability and assign priority level

e Perform detailed in situ assessment for selected communities and develop RE project for water
supply

Stakeholders

Universities and other academic institutions
RE associations

National Meteorological Seree

Local government representatives

National and provincial statistics departments
National Water Institute

Energy Secretariat
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Problem: Knowledge and perception about the performance and suitability of the technology is limited g
local planners

Obijective: Improve the knowledge on RE options

Strategic outlines

e Implement pilot and demonstration projects in key locations
e Disseminate technologies advantages and disadvantages

Instruments / Actions

e Select key locations to carry out demonstraposjects Communities should comply with minimum
requirements such as project commitment and participate in capacity development and system
management

e Organizecapacitatiorand disseminatioaventsthrough professional assations and education
institutions. Target planners, policy makers, public technical departments

Stakeholders

INTI

INTA

Universities and other academic institutions
Local government representatives
Planners at national and provincial level
Professional associations

Table 3.3 Strategic Outlines relevant for grid connected i large scale RE
systems

Problem: large scale projec&ssociated with good power availability dod costs may reach unsustainable
water use levels if not properly designed

Objective: Use water resources irsastainable way

Strategic outlines

e Promote productive activities compatible with supply volume (arge scalérrigation of plant
varieties suitable for dry conditiosd high market valje
e Combine with efficient water use technologies

Instruments / Actions

e Develop / disseminatelant and animal varieties suitable for dry conditiand with high market
value Provide capacitation and incentives for their adoption

e Implement incentiveand regulatiorior the use of efficient water use technolagfsubsidies, loans)

e Provide capacitation on the use, design and implementation of efficient technologies

Stakeholders
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INTA

Universities and other academic institutions
Planners at provincial level

Professional associations

Problem: High investmentost

Objective: Expandtechnologyimplementation

Strategic outlines

¢ Reduce production costs
e Implement national incentives for power generation with(Rg. GENREN)
e Facilitate access @dequate financing

Instruments / Actions

e Supportlocal mandacturingof components (wind turbine blades, towers, etc.) and develop marke
volume

e Assess generation costs and set appropriate incentives for future GENREN calls

e Solve funding gaps in GENREN progrand issues related to project guarantaeslve
Devdopment Banks&nd other local fundé-ederal Investment CoungciCFI)

e Support applicationsd CDM and other international funds available

Stakeholders

Planning Ministry
Energy Secretariat
CAMMESA
Environment Secretariat
IMPSA

INVAP

NRG

IADB

Banco del 8r

CAF

GEF

Problem: limited extent ofEE T&D infrastructureprevents the electrification of isolated communities

Obijective: expand the access to the interconnected EE grid

Strategic outlines

e Collectgeo referenced informatiaom rural communitiesgccess to energy infrastructure, national E
grid.

e Perform feasibility studies for interconnection of selected communities

e AssessT&D infrastructurestatus and upgrading requirements
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Instruments / Actions

e Identify most feasible communities for intercmttion.

e Elaborate long term plan fexpansion/upgrade of T&D infrastructure in orttereach isolated
inhabitants Assign priority level.

e Assign funds and human resources

Stakeholders

Planning Ministry

Energy Secretariat

CAMMESA

National and provinal statistics departments
T&D enterprises

ENREand provincial regulatory bodies

Problem: requires enewable energy resources available close to the transmission grid. Resource quality
requirement is higher than for small scale projects.

Obijective: Integrate renewable energy capacity into interconnected grid

Strategic outlines

e Assess renewable energy potentials and feasibility of interconnection for selected resources
e Assess impact on service quality and T&D infrastructure upgrading requirements
e Elaborate T&D expansion plans taking into account RE resoanmeésettlements

Instruments / Actions

e Completemeasurement infrastructure and activities

e Perform at least one year local measurement at high potential sites

e Carry out simulations to evaluatetpntial for RE integration into the national grid and identify key
upgrading requirementnd bottlenecks

e Identify weak grid / high RE potential sites

e Assess impact on reserve marggquirementand energy cost

e Assess RE generations costs and provideuwsatedncentives for projects

Stakeholders

Energy Secretariat

Planning Ministry

CAMMESA

T&D enterprises

Power generators

Universities and other academic institutions
ENRE and provincial regulatory bodies

RE associations

RE manufacturers and distributors
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Table 3.4 Strategic Outlines more or less independent of pumping technology

Problem: Low payment capacity. Subsistence economies

Obijective: Increase income in a sustainable way

Strategic outlines

Includetarget populatiolinto the development fioy
Develop progressive strategy for enhancing productive capacity

Support the reconversion of productive activities-sompatible with natural resources avaliab
Support relocalization of productive activities incompatible with resources available
Improveconditions formarket accesand price setting

Support the development of productive activities compatible with natural resources available

Instruments / Actions

e Develop and dseminatgroductive opportunities adapted to dry conditions and that hmher
market value than traditional onasd use water less intensively

Promote the elaboration of higher added value products

Provide capacity development (technical, management, financial issues)

Provide tax exemptions and incentives

Support productiiversification and storage for decreasing vulnerability

Promote producers associations and cooperatives

Stakeholders

Producers
Producersassociations
Social Development Ministry
Production Ministry

INTA

INTI

PSA

PROSAP

Planners

Problem: Low Community organization level / resourcedser conflicts

Obijective: Ensure long term operation of pumping system

Strategic outlines

e Strengthen community organization level
e Increase system reliability (adequate design, seéntenancand technology)
e Coordnate actions

Instruments / Actions
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Ensure local commitment to the projecid involve community in project design

Develop local resources to tackle minimum maintenance requirements, perform preliminary dia
and operate/use adequately

Improve possale and technical support services (geographical coyergigmded guarantee
Improve system failure diagnosis (component, expected lifetime rangklse it to anticipate spare
parts requirements.

Develop a regional spare parts storage facility

Devebp standards and certification schemes for technologies and services

Contemplate long term technical support alternatives from the project design stage

Implement adequate communication mechanisms to report failures and request support/spare |
Use parttipatory approaches for project development

Stakeholders

Local population

Local government representatives

INTA

INTI

PSA

Technology providers and manufacturers
Universities and other academic institutions
Service providers

Problem: Unsustainable war use Ancreased water requirements

Objective: Make a rational and efficient use of water resources available

Strategic outlines

Support the implementation of efficient watkstribution anduse technologies

Perform research anend inevapotransipation levels and effects grroductiveplant varieties
Support productive activities compatible with trend in water resources

Help relocalization/reconversion of productive activities with intensive water use levels

Instruments / Actions

Reviewlpdat regulatory framework to include rational water use issues

Implement incentives for the adoption of rational water use practices and efficient technologies
Develop/disseminate alternative plant/animal varieties adapted for dry conditions and high marl
value products

Promote water reuse

Promote land use planning

Determine carrying capacity of soil resources

Penalize inefficient water use

Set priority water uses

Stakeholders

Universities and other academic institutions
INTA
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Planners

Policy makers
Waterinstitutes
Rural producers
SSRH

Problem: Salinizatiorpollution of water well

Objective: Ensure adequate quality in water supply

Strategic outlines

Support capacity development on water resource management and irrigation methods
Improve knowledg®n water resources quality.

Prevent pollution of soil / borehole

Prevent undesired flows between aquifers

Implement water purification systems

Instruments / Actions

e Support research and monitoring of underground water resources

Disseminate and enforgmod practice methodology for borehole perforgtmmnditioning materials
and closure

Improve knowledge on exploitation potentiat each location

Enforce regulations on effluent treatment and solid waste disposal

Develop contingency plarfor preventhg/managingollution events

Disseminat&levelopthe use opilot scale purification systems for the control of arseftimrineand
otherendemic pollutants

Provide clearup and assessment funds

e Support land use planning

Stakeholders

National/ provincial Water Instituts

INTA

INTI

Universities and other academic institutions
Local governments

SSRH

SAyDS

INA

Problem: Requirements fomvestment irassociatedhfrastructurge.g.efficient water useand storage)

Obijective: Increase income. Improwaecess to efficient technologies

Strategic outlines
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e Support the development of productive activities compatible with natural resources available
e Provide adequate financirmmd fundingor infrastructurglong term)
e Supportcapacity developmeirit watermanagement and use methods

Instruments / Actions

e Develop and dseminatgroductive opportunities adapted to dry conditions and that have higher
market value than traditional ones and use water less intensively

e Promote the elaboration of higher addadue products
e Provide capacity development (technical, management, financial issues)
e Provide tax exemptions and incentives
e Support product diversification and storage for decreasing vulnerability
e Promote producers associations and cooperatives
e Provide furs for water infrastructure upgrade
Stakeholders
e Planners
e National/provincial government
e Planning Ministry
e Agricultureand Production Ministries
e Producers
e PAN
e RIOD
e SSRH
e PSA
e PROSAP

Problem: Limited knowledge on community characteristics, resouroglsveater requirements

Obijective: Improve coverage ofaterrequirements

Strategic outlines

e Improvepublic information available on energy/water issues (supply and use)

e Develop geographical database on population, water and energy reg@i&es

e Perfom feasibility assessments for the implementation of RE water supply systems in selected
communities.

e Improve measurement network coverage for meteorological and renewable energy resources &
level. Integrate into existing network.

e Perform assessmeat underground water resources at local level.

e Coordinate resources

Instruments / Actions

e Review and incorporate questions related to water/energy supply and use in all national populal
agriculture censuses

e Perform specific surveys in rural comnities, particularly isolated ones. Assess water and energy,
consumption, requirements, supply, and efficiencies by use

e Collect available information from different sources (both public and private) and integrate into
database.
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Perform census of measuremstations and their status.

Elaborate and implement a modernization plan in order to upgrade/repair/expand water
resource measurement network

Implement a network for hydrmeteorological and environmental monitoring to allow the emissig
earlyalerts and inform about the persistence of adverse or beneficial conditions

Install rain/snow meters

Provide public access to available information

Implement methodology to ensure geographical data compatibility at national level

Collect and associate gg@aphical data to surveys, censuses and monitoring activities

Integrate information through public statistics institutes

Provide funds and perforhydrogeologicaktudies on underground water resources

Improve Nation/Provinces coordination and strengttesirbauthorities

Determine carrying capacity of soil resources

Stakeholders

National and provincial statistics institutes
Energy secretariat

National and provincial water institutes
SMN

SSRHN

COHIFE

PHI

INTA

Problem: Restricted access tmdergroud waterresource$ water level depression

Objective: Improveaccess tandergroundvaterresources

Strategic outlines

Improve knowledge odynamics olunderground water resources
Facilitate technology for tapping underground water resources
Support @pacity development on water resource management
Help develop water storage infrastructure

Prevent resource salinization

Instruments / Actions

R&D&D on low cost methods for underground water resource assessment

Develop and facilitate accessiBlighter and cheapetechnology for deep well perforation

Support research and monitoring of underground water resources. Improve knowledge on explo
potentialand effects of climate variability on water table level

Provide adequate funds and human resaurce

Stakeholders
e Nationaland provinciawater institute
e SMN
e Universities and other academic institutions
e [INTI
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Problem: Restricted availability of water resourcéscreased erosion

Objective: Use availablevater resourceis a sustainable way

Strategic outlines

Improve knowledge on water resources

Promote efficient water use

Promote productive activities compatible with available water resources
Support relocalization gfroductiveactivities

Improvecollection andstorage of available/aterreurces

Instruments / Actions

Recover information sources and measurement network
Modify/upgrade regulatory framework

Provide incentives and capacity development for the dissemination of rational water use practice
efficient technologies

Develop ad disseminate plant and animal varieties less intensive in water use than tradition one
with high market value products

Promote water reuse

Promote land use planning

Stakeholders

Nationaland provincialwater institute
National meteorological stitute
SSRH

SMN

INTA

PAN

SAyDS

Source: own elaboration
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3.2 Synergybetween adaptation and mitigation

The potentiacomplementaritiebetween mitigation and adaptation actiansanalyzechere.
The mtential impact of a joint strategy relative to @adaptation only strategy also assessed

Figure 3.1 Schematic framework representing anthropogenic drivers, impacts
and responses to climate change, and their linkages.

Source(IPCC, 2007

Figure 3.1 shows a schematic framework representing aoteo drivers, impacts and
responses to climate change as well as their linkages. Some time ago (for instance at the time
of the Third Assessment Report in 2001he information was mainly available to describe

the linkages clockwise, to derive climatchanges and impacts from so&oonomic
information and emissiorf§.Now, it is possible to assess the linkages also counterclockwise,
due to increased understanding of them. So, it is possible to evaluate potential development
pathways and global emissisrconstraints that would reduce the risk of future imptets

society may wish to avoidPCC, 2007).

As it could be observed in Figure 3.1 there are many ways in which different factors interact
in the decision making process.

47(IPCC, 2001)Third Assessment Report. Summary for Policy Makers.

“8 How changes irtlemperature, precipitations, sea level and extreme events regarding to climate change affects
ecosystems, food security, settlements and society, human health or water resource (Impacts and Vulnerability)
and how Impacts and Vulnerability influences ®e€tonomic Development and hence how the Socio
Economic Development determines Climate Process Drivers (mainly Emissions and Concentrations of GHG and
Aerosols).
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