ASSESSMENT PLATFORM OF WATER AND ENERGY
EFFICIENCY IN COLLECTIVE IRRIGATION SYSTEMS

André Antunes?, Diogo Felicissimo?, Bruno Ferreira®, Nelson Carrigo*
andre.antunes@estsetubal.ips.pt !
diogo.felicissimo@estbarreiro.ips.pt 2
bruno.s.ferreira@estbarreiro.ips.pt 3
nelson.carrico@estbarreiro.ips.pt

Instituto Politécnico de Setubal, Campus do IPS — Estefanilha, 2910-761 Settbal

ABSTRACT

Southern European countries do not have regular precipitation to assure the agricultural water needs, since precipitation
occurs scarcely from April to October. As such, irrigation is essential for agriculture and is only possible with the
existence of hydraulic infrastructures for storage and water conveyance. In Portugal, these hydraulic infrastructures are
mostly public, forming collective irrigation systems, and managed by Irrigation Associations.

The efficiency of irrigation should be assured through a set of guidelines and procedures promoting a more efficient use
of water and energy. Furthermore, in Portugal there are currently no performance assessment system developed to
evaluate the water and energy efficiency in CIS. The current practice for the assessment of water and energy efficiency is
a set of reactive and unintegrated actions. As such, the gathered information is not usually organized and does not follow
systematic procedures. Additionally, appropriate indicators for water and energy loss diagnostic are not defined, thus
making it impossible to compare efficiencies between CIS.

In this context, the AGIR R&D project aiming the establishment of a performance assessment system for water and
energy efficiency assessment in CIS was developed. One of the outcomes of the project was the development of a user-
friendly platform for the CIS management utilities to assess its water and energy efficiencies.

This paper presents the platform AGIR, its functionalities and main components. The platform was designed allowing
systematic and uniform data introduction, for usage by various decision support modules.
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1. INTRODUCTION

In Portugal, water usage and energy efficiency are some of the main concerns of Irrigation Associations
(1A) managing collective irrigation systems (CIS) (Carrico, N. et al., 2018; DGADR, 2017), and is a priority
of recent public policies, mostly due to increasing regulatory pressure from Common Agricultural Policy
(CAP), and achieved through the promotion of economic and environmental efficiency.

Currently, however, there is no objective-oriented assessment system nor a set of appropriate performance
indicators allowing 1As to quantify water and energy efficiencies in their conveyance and distribution
networks, as well as to support the decision-making process.

The AGIR project

The AGIR research project is born in this context. Named “AGIR - Water Use and Energy Efficiencies’
Assessment in Collective Irrigation Systems”, is coordinated by the Portuguese National Irrigators Federation
(FENAREG) and funded by PDR2020 in Operation 1.0.1 - Operational Groups.

This project has as its main objectives the establishment of a performance indicators system for water and
energy efficiency assessment in CIS and the development of a set of usable and user friendly tools to be used
by CIS management utilities. These developments should provide ways for assessment and identification of
the inefficiencies within the systems, as well as to support the selection of interventions for improving the



water use and energy efficiency’ and energy recollection. One of AGIR research project outputs is a software
platform for water and energy balance calculation and a performance assessment system, allowing CIS and
agricultures to evaluate the efficiency of water use and energy consumption.

The software platform

The software development project uses an agile methodology. The project has the support of the research
team and end-user partners, following the development process through work meetings for discussion and
evaluation. As such, the requirement analysis has been an iterative process. System design has been updated
as needed to reflect the needs presented by the research team and end-user partners. The methodology used in
the development of the project allows easier change management and adaptation for change integration, since
project changes can be rather frequent and relevant during the development process. As such, the process of
analysis and design for the current stage of the platform was an iterative process, where an initial requirement
analysis allowed the establishment of some fundamental actions for the platform.

IA and other water resources managing utilities need a tool for water and energy efficiency assessment of
CIS. This tool must be generic enough to accommodate the distinct system infrastructures and measurements
needed for the several expected calculations.

As described above, the assessment of water use and energy consumption efficiency is not a common
practice among CIS and irrigators. As such, the software platform development faced some challenges,
namely, data insertion (i.e., considering that most CIS don’t currently use geographical information systems)
and visualization (i.e., requirements for simple and intuitive dashboards and menus).

This paper focus on the development of the modules and tools, as well as the implementation of
functionalities in the software platform. This platform allows the uniform and systematic data insertion by the
1A, for later use by the several integrated decision-making support modules. These modules include the water
and energy balance’ calculations, allowing hydric efficiency assessment (Loureiro, D. et al, 2019; Cunha, H.
et al, 2019), and energy efficiency assessment (Cunha, H., 2018), as well as a performance assessment
system.

In addition, a farmer login functionality is provided, allowing the qualitative hydric efficiency evaluation
of the irrigation network, obtained through terrain analysis, irrigation mechanics and meteorological
conditions (regarding the farmer context) in a simple and intuitive way. So, the platform is designed for two
distinct users, 1A and farmers. The user type is defined during the registration process and determines the
available platform areas and functionalities.

The platform developed during the AGIR project presents itself as a novel alternative for the system
performance assessment, allowing IA to perform organized and dynamic calculation of the diverse system
profile components, from network total length to more complex calculations (i.e. minimum operation volume
in canals), that were previously done using spreadsheets.

The platform uses a logical hierarchy, imposing dependencies between system components (e.g. the
infrastructure component is inaccessible before the selection of a given CIS). In this way, the user is lead in
providing the needed data for the water and energy balance’s and performance assessment system. In the end,
performance indicators are produced, thus allowing the IA to assess the CIS performance during a time
period.

2. SYSTEM DESIGN

The process of system analysis and design for the current stage of the platform was an iterative process. An
initial analysis, based on the research project requirements, allowed definition of the fundamental
components and modules for the platform. System design has been updated as needed to reflect the needs
presented by the research team and end-user partners.

2.1 Platform Architecture

Platform deployment is based on Docker. Docker technology is used in system deployment allowing greater
development and maintenance flexibility. Two distinct Docker images are used. A first Docker image
contains the MySQL Database Management System (DBMS) and system database. The second Docker



image contains the environment and platform application. Communication between the two Docker images is
established. The server was implemented using Node.js technology employing the JavaScript language. A set
of web services and a frontend web application are provided. The client-server system architecture can be
visualized in Figure 1.

Production Web Server

Docker Container Docker Container
Node Server
Frontend Backend Z P
)
| 1 MySQL Server
Browser | REST API i e

Figure 1 - System Architecture

Users access the system with a session login, using the internet and a browser. In order to be able to
initiate a session, users must first register in the platform. The application starting page provides users with
registration and login functionalities. The platform has been designed for two distinct actors, 1A and farmers.
The user type is defined during the registration process and determines the accessible application areas and
available system functionalities.

Each 1A can manage one or more CIS. Each CIS has its own infrastructure, consisting in catchments,
canals and canal elements, pipes and pipe elements, stations and reservoirs. Each CIS managed by the 1A can
have years of analysis set up. For each year of analysis, the 1A can add irrigation seasons. The irrigation
season allows the IA to associate measurements to the CIS infrastructural elements. These measurements are
afterwards used in the calculation of water and energy balances and assessment system.

Farmers are independent from any IA and can use the system for the evaluation of the water use
efficiency of their irrigation systems. However, they can associate their applications to a certain 1A, allowing
the later access to the farmer’s water use efficiency data. That allows the IA to query those efficiency
evaluations through the web application.

Figure 2 shows the diagram of the logical hierarchy described.
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Figure 2 - Logical hierarchy

2.2 Data Model

For the development of this platform, a data model was designed from scratch (Figure 3), reflecting the
data needs for the end-user partners when modelling their systems. The DBMS used is MySQL.

Since the water and energy balances and the performance assessment system have distinct data
calculation requirements, the platform has 4 main sections, namely: authentication, farmer efficiency,
infrastructure and measurements. Infrastructural data refer to structural elements, relatively stable in time,
such as intakes, canals, canal elements, pipes and pipe elements, pumps and pumping stations and
intermediate reservoirs. Measurements refer to data measured through time during a specific Irrigation
Season, from a distinct Year of Analysis. These measurements are used afterwards for water and energy
balance’ and the performance evaluation system.
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Figure 3 - AGIR Data Model

2.3 Modules

The system follows a modular approach and is composed by a set of four main modules: authentication,
infrastructure, water balance and farmer’s irrigation network modules. Modules for energy balance and the
performance assessment system are under research and will be implemented and integrated in the platform.
The following section present the infrastructure module and the novel water balance and farmer’s irrigation
network modules.

2.3.1 Infrastructure module

The infrastructure module allows the introduction of infrastructural elements. Each CIS has a specific
infrastructure that needs to be inserted. Infrastructural elements include intakes, canal and canal element, pipe
and pipe element, pumping stations and reservoir.

An infrastructure full report is available, listing all CIS infrastructural elements.

2.3.2 Water balance module

The water balance module allows the calculation of water balance (H. Cunha et al, 2019), for an irrigation
season (in a specific year of analysis), of a specific CIS.

Measurements associated with infrastructural elements such as intakes, canals and reservoirs are used in
the calculation of water balance (e.g., canal cross-section). Other considered measurements are authorized
and unauthorized consumption, as well as metering inaccuracies.

Several complex calculations are carried for the different infrastructures. As an example, for each
reservoir a water balance is carried and for each canal section the surface subject to evaporation is calculated.
Due to the complexity involved in the calculation of water balance, the developed module is novel a valuable
tool the efficient management of water use in CIS.

2.3.3 Farmer’s irrigation network module

The farmer’s irrigation network module allows the assessment of the water usage efficiency of their water
applications. The calculation has several interdependent variables the user can set up with the resulting
efficiency calculated and displayed in real time (Figure 4).

Variables used to obtain a final efficiency for the water usage include soil type, regarding hydraulic
conductivity (light, medium, heavy or crust) and irrigation mechanism (sprinkler, center pivot or drip). Each
irrigation mechanism has its own intrinsic property values such as wet area and flow. The calculation of the
water application rate is based on the entered values.

Land slope (<2%, 2 to 5%, >5%) and green cover (low, medium, high) values determine the surface
storage quantity and potential runoff. The average wind intensity (low, medium, high) and evaporation (low,



medium, high) are meteorological factors to taken into consideration directly into the water use efficiency.
The irrigation rate (low, medium, high) is also required for the application efficiency calculation.

Application efficiency and apparent losses percentages are displayed as final calculation result. A chart
with the applicable ranges for the resulting efficiency is displayed. The range associated to the resulting
efficiency is highlighted, when applicable. Chart ranges vary according to soil type and irrigation
mechanism’ used. (Luz, P. B., 2002; Luz, P. B. & Silva, L. L., 2004).

Sistema de rega Caudal [T} (m3/h) (I/s)  Comprimento da rampa (m) Didmetro molhado (m) Taxa de Aplicacio (mm/h)
Aspersdo Movel (Pivot) ¥ 30 250 18 61 (Baixa)
Textura do solo Dotacéio Dotacao Declive Coberto vegetal
Franca (Média) v Baixa (< 15mm) v nn Baixo (< 2%) v Baixo (< 30%) v
Escoamento superficial potencial Taxa Armazenamento superficial (mm)
Reduzido (< 15%) v 10 .
Vento Temperatura Eficiéncia Final (%)
Fraco (<5 km/h) v Baixa (<25° C) v

Figure 4 - Farmer’s Irrigation Network module

3. CONCLUSION

This paper presented an innovative software-platform to the data integration and assessment of water
use in Collective Irrigation Systems. This platform presents itself as the first step in the development of a
reference tool to support decision-making in Collective Irrigation Systems, enabling the improvement of the
water usage and energy efficiencies. Future work includes the implementation of the remaining modules,
such as, energy balance and performance evaluation system.
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