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FOREWORD

THE SOLERAS PROGRAM: A UNIQUE EFFORT
IN COOPERATIVE SOLAR ENERGY RESEARCH

In October 1977, Saudt Arabia and the United States signed a Program Agreement for Cooperation
in the Freld of Solar Energy The Program, named SOLERAS, is the first of its kind in purpose, funding
organization, and results It is based on the respective commitments of the United States and Saudi
Arabia to advance the development of solar energy as a viable cost-competitive energy aiternative
by combining the technical and other unique resources of each country SOLERAS has made signifi-
cant progress in demonstrating the effectiveness of solar energy—progress that would have been
difficult for either country to achieve on its own

SOLERAS is sponsored by the government agencies responsible for energy research and develop-
ment in each country the Saudi Arabian National Center for Science and Technology (SANCST) and
the United States Department of Energy The Program i1s under the auspices of the United States-
Saudi Arabtan Joint Commission on Economic Cooperation, formed in 1974 by the Saudi Arabian
Ministry of Finance and National Economy and the United States Department of the Treasury

Although SOLERAS 1s only one of more than 30 such projects under the direction of the Joint Com-
mission, it 1s the only one that 1s funded by both countries All other projects are funded completely by
Saud! Arabia This jointly funded program Is evidence, therefore, that both countries recognize the
mutually beneficial results expected to be generated by the cooperative research projects under-
taken by SOLERAS

The administration of SOLERAS also reflects the philosophy of cooperation underlying this unique
Program Senior officials from SANCST, the Ministry of Finance and National Economy, the U S
Department of Energy, and the U S Department of the Treasury comprise an eight-member Ex-
ecutive Board which governs all aspects of the SOLERAS Program The Board establishes the goals
objectives, and policies of SOLERAS and oversees the technical and financial management of the
projects undertaken to implement those goals and objectives

A four-member Project Selection Committee, with two members from each government, assists
the Executive Board In selecting and evaluating projects Its members combine their technical exper-
tise and expernence In renewable energy technologies and demonstration projects to review pro-
posals, designs, plans, reports, operations, and data for the varnous projects

The daily technical and administrative management of the SOLERAS projects 1s the responsibility
of Midwest Research Institute, an independent, not-for-profit research organization, which has been
designated as the SOLERAS Operating Agent MRI utilizes technical and managerial personnel from
both countries in fulfilling its responsibthity for implementing the decisions of the Executive Board and
In managing the individual technical projects This includes contracting with various companies and
research organizations in both countries to design and install state-of-the-art solar systems
SOLERAS program offices are located at MR!'s Kansas City, Missouri, headquarters, and in Riyadh
and Yanbu, Saud! Arabia

SOLERAS has initiated several major research projects converting solar energy into electricity for
everyday use by the inhabitants of several rural villages, testing solar energy as a source for space
cooling and water treatment, developing agricultural systems using solar energy to control the entire
growing environment, undertaking fundamental photovoltaic and solar thermal research, establishing
high technology laboratories for advanced solar research at Saudi Arabian universities, and sponsor-
ing basic solar energy research in universities in the United States

In addition, SOLERAS has contributed to the dissemination of scientific and technical solar infor-
mation through its sponsorship of technology workshops, short courses, and the publication of
technical reports These have provided an important means of informing the scientific research com
munity about the solar energy technologies developed under SOLERAS and other relevant projects
throughout the world
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EXECUTIVE SUMMARY

SECTION 1
INTRODUCTION

BACKGROUND

Saudi Arabia and the United States have signed a project agreement for
cooperation in the field of Solar Energy (SOLERAS) under the auspices of the United
States-Saudi Arabian Joint Commission on Economic Cooperation. The objectives of

the agreement are:

° to cooperate in the field of solar energy technology for the
mutual benefit of the two countries, including the development
and stimulation of solar industries within the two countries,

° to advance the development of solar energy technology in the
two countries, and

° to facilitate the transfer between the two countries of
technology developed under this agreement.

The Midwest Research Institute (MRI),* as the Operating Agent, is responsible for
implementing SOLERAS in accordance with directives of the SOLERAS Executive
Board.

A five-year technical programn plan for SOLERAS was approved by the
Executive Board. As a part of this technical program plan various industrial
applications were identified for solar technology. The objectives of the Industrial
Solar Applications program are to introduce solar energy technologies into industrial
applications and to foster the establishnent of domestic industries using renewable
energy sources. This would then lessen industrial dependence on fossil fuels and

minimize deleterious effects on the environment.

Anticipated future demands for food production, coupled with rapidly
depleting fossil fuel reserves, point to the need for food production that utilizes

renewable energy sources. Many regions have large areas of land that are suitable for

* The responsibilities of managing the SOLERAS program used to be with the Solar

Energy Research Institute (SERI) operated by Midwest Research Institute (MRI).
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agricultural use, but whose development are constrainted by the lack of irrigation
water and the presence of hot arid environmental conditions. These conditions exist in
most of Saudi Arabia and in portions of the Southwestern United States. Even in some
areas of the United States, where watar is available for irrigation, the rising cost of
fossil fuel used for pumping this water is making the cost of irrigation farming
prohibitive. In such regions, Controlled Environment Agricuiture (CEA) offers an
attractive means of increasing food production by controlling adverse environmental

conditions with minimum water inputs.

Conventionally powered controlled-environment agriculture facilities have
been in operation for years. In 1977, there were approximately 92,000 hectares of
CEA facilities throughout the world powered by the electric grid and/or fossil fuel.
Benefits of CEA include: reduced fresh water consumption, protection from harmful
external conditions (e.g., insects, sandstorins, cold weather), and higher quality and
larger yields of produce. As demonstrated at some of the CEA facilities in the Middle
East and Southwest United States, the ratio of yield per hectare of CEA to open field

agriculture may range from 4:1 to 21:1 depending on the type of crop grown.

Conventionally powered controlled-environment agriculture is a worldwide
activity that has been proven successful in many different climates. Much effort has
been put forth by the United States to use solar energy in support of agriculture;
however, the objectives of these efforts have been directed toward one specific aspect
of farm support; e.g., crop drying, heating of greenhouses or livestock shelters, or
providing solar energy to power irrigation pumps. In Saudi Arabia, small research
controlled-environment agriculture facilities powered by fossil fuel generators are
being supported by the Ministry of Agriculture and Water. Even though CEA activity
is worldwide, no real significant effort is being made to replace conventionally
powered controlled-environment agriculture with completely integrated Solar
Controlled Environment Agriculture systems. '"Integrated" in this context means a

total energy self-sufficient system as opposed to separate interfacing subsystems.
OBJECTIVES
The overall objective of this project is to design and cost a commercial

solar controlled-environment agriculture system and to construct and operate a

smaller Engineering Test Facility that exhibits the same characteristics as the

ES-1-2



commercial design. The work to be perforined on this project has been divided into

three phases:

Phase 1.  Preliminary system design and cost analysis

Phase 2. Detailed design and construction of an engineering field test.

Phase 3. Operation and evaluation of the engineering field test.

One important goal of this study is to design a system with broad

applicability to other sites in terins of system perforinance as well as high

reliability using proven or state-of-the-art technology so that the operation of the

system does not require a large number of highly skilled personnel.

PROJECT ORGANIZATION

Science Applications, Inc. (SAI) was awarded a contract for the Phase 1

Activity. The project roles of SAI and each of the participating subcontractors are

shown below.

Project Participant

Science Applications, Inc.
(SAD

Texas A&M Agricultural Experiment
Station (TAES)

Geiger Berger and Associates (GBA)

University of Texas at Dallas
(UTD)/McCormack Corporation

Robert E. McKee, Inc. (REM)

Project Role

Overall Project Management,
Systems Analyses, Energy
Systems Design, Planning for
Phase 2

Agricultural Design
Greenhouse Systems Design

Architectural and
Structural Design

Environmental Analysis and
Desalination Systein Design

Cost Estitmation and
Construction Planning.

The overall goal of the Phase | activity is to carry out the preliminary

system design and cost analysis of a commercial sized solar controlled agriculture

environment system, and to complete a preliminary design and cost estimate of an

Engineering Test Facility approximately 1/10th the size of the commercial one. The



systemn under study by SAI utilizes a novel fluid-roof/roof-filter concept for the
greenhouse and is generally coafigured and designed for an environment cosnparable to
that in the El Paso, TX area. The corresponding Engineering Test Facility would be
located on a 160 acre experimental farm, owned and operated by the Texas A&M
Agricultural Experiment Station at El Paso, Texas. All the water requirements for
this system will be provided by a brackish water well on the farm. A revearse osmosis
desalination subsystem is used to produce fresh water for irrigation and deionized
water for cooling the greenhouse. The original concept would have photovoltaics and
wind turbines in combination with batteries and diesel back-up power providing all the
energy requirements of the proposed system including controls and support facilities.
The system analysis effort resulting in the definition of the cornmercial facility
eliminated the wind turbines FOR THE El Paso, Texas site analyzed. CO, earichment
will be provided to enhance crop growth. Crop residue will be tilled into the land
surrounding the greenhouse and offer the possibility of growing limited outside crops.
Humidity control of the greenhouse air will be provided by means of a ground water
cooled condenser in conjunction with outside air mixing which will result in reduction
of water usage. Heating or cooling (depending upon the season) of the greenhouse will
be provided by means of heat exchange with the well water and with thermal storage
tanks. The effluents froin this system will be appropriately discharged if
environmentally acceptable; otherwise they would be stored in a lined evaporation

pond.

The work under Phase | of this project was divided into one management
and four technical tasks. The first task dealt with all manageiment, operational and
reporting activities. In Task 2, the requirements were defined for the 5-hectare
commercial unit and the engineering field test system of 0.4 to 1.0 hectare. Systems
analyses of a commercial size system were carried out under Task 3 which included
detailed sub-system trade-off studies and optimization of the integrated system.
Based upon the results of that task, the size of an engineering field test for £l Paso,
Texas was recommended. Preliminéry design of an Engineering Test Facility with
process flow diagrams and top level drawings were coinpleted in Task 4. Work plans to
carry out the detailed design, construction, operation and training of personnel under
Phase 2 were developed in Task 5. lLevelized produce cost for sites in U.S. and the
Kingdom of Saudi Arabia were estimated in Task 5 taking into account the changes in

system design and cost that resulted from accomplishment of Task 4.

ES-1-4
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"REPORT ORGANIZATION

Work completed under Phase | was reported and reviewed on a task-by-
task basis. As discussed above Phase | was comnprised of five tasks. Task | dealt with
all management and reporting aspects and included all monthly status reports. No
separate discussion is provided on this task. The results of Task 2, dealing with the
definition of the require nents, design criteria, and environmental impacts, are
described in detail in Volume 2 of this report. Systems Analysis and the definition of
the commercial sized system are the result of Task 3 and are described in Volume 3.
The preliminary design of the Engineering Test Facility, ETF, was the subject matter
of Task 4 and the results are described in detail in Volumes 4 and 5. The first of these
two volumes describes the systern and subsystem features and contains, in Appendix A,
50 drawings describing various aspects of the ETF. Volume 5 contains the preliminary
specifications as they relate to the system and drawings. The Task 5 results are
described in Volume 6 of this report and deal with the definition of Phase 2 involving

plans for the detailed design and construction of the ETF.

This is Volume 1 of the final report. It gives a brief overview of all the
accomplishments reported in the remaining volumes. Section 2 of this volume
describes the system as it evolved from the Phase 1 effort, while Section 3

summarizes briefly the work performed under Tasks 2 through 5.

ES-1-5



SECTION 2
DESCRIPTION OF CONCEPT

This section summarizes briefly the features of the Solar Controlled
Environment System concept as it evolved during the Phase | effort. It has
changed little from the originally proposed concept. The changes that were made

will be summarized later in this section.

GENERAL DESCRIPTION

The greenhouse complex is based on a novel roof concept, a photovoltaic
power system, and CO2 ewrichment, all designed to enhance the growth of
vegetables. The fresh water needs of the facility are provided by a reverse osmosis
(RQO) desalination system using brackish aquifer water with 3500 ng/l total dissolved
solids (TDS). All power needs of the greenhouse and desalination facility are

provided by solar energy.

The greenhouse employs an innovative roof-filter/fluid-roof concept that
utilizes an inner roof glazing which selectively allows sunlight in the 400-700nm
range to pass into the greenhouse but strongly absorbs sunlight outside this range .
The absorbed infrared radiation heats the inner glazing. This heat is removed by
water flowing along the upper portion of the glazing and collected by a gutter
system at its lower edges. In order to isolate the roof water from the
environment, and to provide some insulation to the greenhouse, an air inflated
durable clear plastic film with a high transmissivity is used to cover the inner
glazing. The heated roof water is returned to an underground storage tank. In the
summertime, when the roof must be cooled, watsr from the storage tanks is
pumped through heat exchangers where its temperature is reduced by 13°C ground
water. In wintertime, the excess energy is collected in the storage tanks and is
used to provide nighttime heating of the greenhouse, if required. The 18°C ground
water source can be used to augment the heating requirement. The primary function
of the fluid-roof/roof-filter is to prevent harmful infrared radiation from entering
the greenhouse and from being absorbed by the plant foliage. In this manner plant
foliage and greenhouse air temperatures are nearly identical, bplant

evapotranspiration losses are minimized, and plant foliage is :nore nearly at its

ES-2-1



optimum growth temperature. Because of the lower evapotranspiration losses, fan

power requirements to contro!l humidity are significantly reduced.

Greenhouse dehumidification is accomplished by means of cool aquifer
water and activated during the daylight hours only. Water condensed in this process
is recycled back into the greenhouse. The greenhouse envelope has been designed in
such a way as to minimize air infiltration. Such tight construction maximizes the
water recovered from the dehumidification process, and makes feasible carbon
dioxide (CO,) earichment. It has been estimated that a sustained greenhouse CO,
level of 1000 ppm during daylight hours enhances the productivity by at least a
factor of two over ambient air CO, levels (325 ppm). Therefore, a liquid Co,
storage facility has been included in the design so that CO2 levels of approximately
1000 ppm can be maintained during the daylight hours. There are times when the
greenhouse air temperature is too low to effectively control humidity (such as
during wintertime or early morning hours). In these circumstances, outside air in
just the needed proportion is allowed into the greenhouse. If the air exchange rate

is not too great the CO2 injection is continued, otherwise it is inhibited.

The layout of the commercial greenhouse cornplex is shown in Figure [.
The greenhouse itself is basically square with four square growing compartments
separated by two corridors, one running North-South, the other running East-West.
Jutside the East side and West side of the greenhouse are large storage tanks which
contain the roof cooling/heating water. This water must be purified by a
demineralizer to a TDS of no more than 5 ppm to prevent scale build up on the
glass. The main corridor is used for access to all growing sections and houses
materials needed for direct support of the growing operations as well as other
growing area mechanical/electrical equipment. A support facility, housing such
items as fertilizer, fresh produce, RO system, office space, control room, batteries,

etc., is located at the North end of the greenhouse.

The greenhouse growing media is a 30 cm layer of porous sand on top
of a sloped floor, covered with a plastic liner. Embedded in the sand are drainage
pipes which allow fertigation water to reach the plant roots and which are used for
periodic purging of the soil to prevent salt buildup. The leachate is collected in a

holding pond along with a portion of the rainwater and is subsequently used to
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irrigate outside vegetation. Crop residue is taken outside, tilled into the soil, and
aillowed to compost, thereby inproving the quality of the soil and allowing for the

possibility of growing marketable products outside the greenhouse.

The desalination system consists of pretreatment and RO subsystems.
Fresh water produced by the RO system will have a TDS of less than 250 ppm and
is stored in a fresh water tank. During plant startup, water from the fresh water
tanks is sent through a demineralizer reducing the TDS to no nore than 5 ppm
before entering roof water storage. During greenhouse operation, the demineralizer
will be used to maintain the roof water at less than 5 ppm purity. Waste water

from the RO and demineralizer systems will be sent to an evaporation pond.

The energy system consists of photovoltaic modules, electric battery
storage, and a power conditioning unit. Backup power is provided by diesel
generators.

A fully automatic control system, with the capability for manual
override, controls the entire facility from a centrally located point in the support
building. In many cases, however, individual subsystems have their own integral
controls in which case the central control system is only used to monitor these
systems, to sound alarms, and to activate or deactivate the system. An
uninterruptable power supply (UPS) system has been included to serve all control

functions.

Each of the four growing areas will be operated and controlled
individually. This procedure provides for increased facility reliability as well as for

maintaining separate environinental conditions.

The support building is a typical prefabricated structure that houses

equipment and facilities required to operate the greenhouse.

THE COMMERCIAL FACILITY

The subsystem sizes and characteristics of the commercial system were
the result of comprehensive analyses performed under Task 3. They can be

summarized as follows:
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ENERGY SUBSYSTEM

PV ARRAY
e  Sized at 340 kWp (modules at 28°C, 1 kW/m?2)
° Block V module specs
. Modules tilted at 20°
® Electrical protection (diodes, lightning protection, breakers,
etc.)
ARRAY REGULATOR
) Buck boost DC-DC converter, 94% efficiency
® Peak power tracking

. Multiple parallel units

BATTERY STORAGE
[ Rated capacity 2700 kWh, 256 kW
) Lead-calcium grid for 10 year life

. Allowable depth of discharge 80% of rated capacity

WIND ENERGY CONVERSION

° Not included in optimized El Paso design

POWER CONDITIONING UNIT
° 250 kVA DC to AC inverter, over 90% efficient

) Multiple parallel units for high part load efficiency and high
reliability

® Built-in protection (overload, overvoltage, under voltage, etc.)
BACKUP
° 2-200 kW diesel generators

] UPS for key control functions
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GREENHOUSE SUBSYSTEM

® 4.7 Ha growing area in 4 compart.nents
. Roof-filter/fluid-roof cooling

- ridge and furrow configuration
- single glazing with air supported film roof

* Cool water dehumidification with water recovery
. CO, enrichment

. Central access corridor

° Sand growing medium

DESALINATION SUBSYSTEM

® Pretreatment
° Reverse osmosis desalination

- 75% regovery r io

- 3.04 m”/h (73 m”/d) capacity
- spiral wound membrane

- automatic operation

° Product water storage
) Demineralizer and storage tanks for fluid roof circulating
water

° Evaporation pond (7320 m2) for brine discharge
CONTROL SUBSYSTEM

° Leaf temperature control
° Direct control from central control station (CCS)

- roof water circulation subsystem

- greenhouse ventilation

- greenhouse dehumidification

- CO2 supplementation

- indépendent controls for each growing compartinent
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° Integral control modules

- fertigation

- ground water pumps

- desalination and demineralization

- fresh water distribution

- brackish water low-volume distribution

- PV subsystem

- support facility environmental control

- enable-inhibit from CCS status and alar ns to CCS

THE ENGINEERING TEST FACILITY

The purpose of the Engineering Test Facility (ETF) is to demonstrate the
feasibility of the system analyzed in Task 3 by constructing and operating a smaller
scale version. The ETF must meet the same basic requirements and design criteria
as the commercial system and must be representative in the mnost funda.nental way,
especially the stand-alone power requirement. It must be sized in such a way that
results obtained with it can be reliably extrapolated to a larger facility. It,
furthermore, must be constricted at the lowest possible cost to the SOLERAS

program.

The principal equipment sizes and capacities for the ETF are given in
Table 1. To be responsive to the cost consideration stated above, slight differences
were introduced between the commercial facility and the Engineering Test Facility,
none of which impacting in any way the satisfaction of the basic system

requirements. These differences can be summarized as follows:

.

° No evaporation pond - Wastes retained in a holding pond

. No diesel generators - Local electric utility backup used
instead.

° Not all electric loads met by PV systems - The support

facility uses entirely local electric utility power in order to
limit the cost of the system (The support facility loads do not
scale readily with the size of the greenhouse therefore
distorting the load profiles severely when reducing greenhouse
size).

° The East-West corridor was eliminated but four growing
compartmnents were retained - The removal of the corridor
provided additional growing area and more readily
approximated the fraction of roof covered area not actively
used for growing.
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Table 1. Major ETF Subsystem Sizes/Capacities

SUBSYSTEM RATING

Photovoltaic array 38 kWp

Array Regulator 37 kW

Battery 39 kWh

Power Conditioner 37 kVA

Desalination 10 m3/d

Well Pumps 2-25 HP, 1-5 HP

Greenhouse .36 hectare total area
.32 hectare growing area

CHANGES FROM THE ORIGINAL CONCEPT

The original proposed concept was slightly different than the final one in
only a few respects. A comparison of the before and after concept is
summarized in Table 2. The most important difference is the elimination of
wind machines from the power production subsystein. Wind machines
contributed only marginally for the El Paso, Texas site. It was thus decided to
eliminate it from the concept for reasons of simplicity. This is not to say that a
combined PV-wind energy systemn is not economical, but rather that the El Paso,

Texas, meteorological environment was not suited for inclusion of wind power.
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Table 2. System Concept Development *

SYSTEM FEATURE

ORIGINALLY
PROPOSED*

AFTER PHASE 1
EFFORT*

Size of Greenhouse
Number of Compartinents
Roof-Filter/Fluid-Roof Concept

Roof Structure

Photovoltaic Power

Wind Power

Evaporation Pond

Crop Residue Drying and Burning
CO, Enrichment

2

Humidity Control

Backup Diesel Generator
Reverse Osmosis Desalination
Water Storage Tanks

Electric Storage Batteries
Central Control System
Aquifer Water

Support Facilities

Location in El Paso, Texas

4 H9A/0.96 HA
y
YES

Double Glazing

YES
ZS
YES/NO
YES
YES

Cooled inside air

mixed with outside air

YES/NO
YES

YES

5 HA/0.36 HA
4
YES

Single Glazing
and Film

YES
NO
YES/NO
NO
YES

Inside air cooled
and reheated

YES/NO
YES
YES
YES
YES
YES
YES

YES

When two items are separated by a slash (/), first ite:n refers to the cornmercial
system and the second to the Engineering Test Facility. A single answer applies to_

both.
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SECTION 3
TASK SUMMARIES

The task summaries given below describe briefly the purpose of the task
and summarize either the context of the appropriate task report or give certain
relevant facts of the effort conducted under that task. These summaries are not
intended to be totally inclusive, but provide only highlights of the effort that was
conducted under Phase l. Details on each of the task results are reported in separate

volumes of this report.

TASK 2 - SYSTEM REQUIREMENTS DEFINITION

The purpose of Task 2 was three-fold:

. to define the requirements relevant to the configuration and
sizing of equipments for the design of the SCEAS;

° to define design criteria based on these requirements;

) to determine environmental irnpacts.

The systern requirements pertain to the overall objectives and goals of the project and
are generally specified in the contract. They deal with aspects of system
performance, site constraints, and economic factors. The key systein requirements

are summarized in Table 3.

In addition, the El Paso, Texas, site was proposed for the location of the
SCEAS, and becomes therefore a requirement that has to be met in terms of climate.

These require:nents can be summarized as follows:

® Abundance of sunshine; typical of southwestern U.S. and the
KSA.
° Low humidity.

° Little rainfall; mostly during July through September.

) Mild winter season; virtually no snowfall.
° Dust storms occur with greatest frequency during March and
April.
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Table 3. System Requirements

5 Ha for the cornmercial size greenhouse (2.4 to 1 Ha for the
test facility)

Stand-alone solar power/energy system

Fossil fuel backup for emergency only

Desalinated brackish water with TDS less than 500 MG/L
Irrigation water storage for 20 days

Backup power system fuel storage for 7 days

Support facilities for personnel, storage of supplies, equipment,
and produce

Environmentally acceptable waste disposal facilities
Reliable and safe operation

Design life of 20 years
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In defining the economies of the system, the economic analysis methodology and

values of basic economic factors were specified as a require'nent.

Design criteria result from these requirements, and provide guidelines and
lirnits that the overall systen and the various subsystems must satisfy. The d=2sign
criteria are summarized in Table 4. The design criteria for the major subsystems were
developed in some detail and are reported in Volume 2 of this report in the following

format:

l.  Identification/Name

2. Scope

3. Design Philosophy

4. Features

5. Technical Constraints

6. Environmental Constraints

7. O&M Requirements.

TASK 3 - SYSTEMS ANALYSIS

The purpose of this task was to define a viable 5 ha commercial greenhouse
system that satisfies the regquirements and criteria defined and developed under Task
2. This included tradeoff studies and the determination of the sizes and/or capacities
of all of the major subsystems, and to evaluate overall system performance both from
a technical and cost point of view. Once the commercial system was defined, scaling
criteria were to be derived to define a smaller scale engineering field test for which

the preliminary design was to be developed during the next task.

The approach taken in Task 3 is best summnarized by Figure 2. It shows the
basic steps that were taken starting with a refinement of the original proposed
concept, using additional information gathered since the original submittal of the idea
and preliminary comments from reviewers. As a result the following key system

features were defined:

° Five hectare greenhouse providing leaf temperature control
via an energy-efficient fluid-roof/roof-filter  concept,
humidity control via groundwater cooling including condensate
recovery, CO, earichment for increased plant productivity,
and loads closely matched to the solar energy resource.
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Table 4. Design Criteria

SYSTEM DESIGN CRITERIA

Lowest possible energy consumption

Lowest possible water use rate

Suitable working environment for personnel

Use of commercially available equipment
Maximum possible technology transfer functions

SITE DESIGN CRITERIA

° SOLMET TMY hourly meteorlogical data for El Paso, Texas

- direct normal radiation

- total radiation on horizontal surface
- wind speed

- wind direction

- dry bulb temperature

- wet bulb temperature

- barometric pressure

° Maximum solar intensity »f 1,050 W/m2
° Maximum wind speed of 35.8 m/s (at 10 m above ground)
° Water from aquifer

- Rio Grande alluvium aquifer

- on the average the aquifer is full

- water level averages 3 to 6 m below land level
- water temperature is virtually constant at 180C
- TDS in water is approximately 3,500 PPM

° Seismic zone no. 1

ECONOMIC DESIGN CRITERIA

. Minimum levelized life-cycle cost per kilogram of produce based on
the requirements that

- methodology used is "the cost of energy from utility-owned
solar electric systems - a required revenue methodology for
ERDA/EPRI evaluations", ERDA/JPL-11012-76-3, June 1976

- basic economic factors be used that are specified in the
contract

. 1986 DOE cost goals for solar energy subsystems.
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° Stand-alone solar power system incorporating a pnotovoltaic
array, wind machines, battery storage, a dc-ac invzrter and
power conditioning unit (PCU), and diesel generator backup
for e nergency conditions.

] Self-contained fresh water supply »provided by a reverse
osmosis (RO) desalination unit with 75 percent recovery ratio
and an evaporation pond for brine disposal.

] Autornatic control system wita redundant alarms and
provision for manual control.

® Energy-efficient support facility providing necessary work
areas, produce storage, equipment storage, and office space.

. Supplementary crop area with enrichment using crop residues
and irrigation using leachate and excess desalinated water.

Following this subsystem tradeoff studies were conducted to determine the most
appropriate form of the subsystem. The next three steps are concerned with
analytical work that define the optimum system configuration, from model
development, to detailed perfor.nance analyses and optimization, to sensitivity
studies. Lastly the engineering field test scaling was performed. All of these
individual steps are highly interactive as shown by the dotted lines in Figure 2.

Detailed subsystem tradeoff studies were conducted on:

the greenhouse roof structure,
the fluid-roof filter,
greenhouse dehumidification,
greenhouse cooling,

CO2 supply,

water desalination.

Following the definition of all of the major subsystem types
mathematical models were derived for each of these compatible with the
optimization methodology used in this project. Systein optimization was based on

the following criteria:

° minimum levelized produce cost,

] economic assumptions specified by the contract,
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» DOE cost goal projections for 1986 for the energy
subsystems.

A schematic diagram of the optimization nethodology used is shown in
Figure 3. It is based on a linear programming formulation of the hourly
performance characteristics of the subsystems. Hourly weather data for a year was
analyzed and reduced to a representative week frorn each of the four seasons. Unit
greenhouse electrical and water loads, and energy system electrical output were
determined fromn hourly TRNSYS simulations. Models were derived for all other
pertinent subsystems and made part of the SYSOPT computer program. The
SYSOPT program generated the appropriate equations which were subsequently
solved with the commercially available APEX III LP solver. The results from the
latter program were then processed and cast into a form nore suitable for analysis
and evaluation. The system schematic diagram for optimization is shown in Figure
4, where nodes define the balance of DC power, AC power, brackish water flow,
fresh water flow, thermal energy and COZ' Of particular immportance in this
methodology is the model for the greenhouse. The loads imposed by the greenhouse
on the system were determined from detailed sirnulations with TRNSYS. The
TRNSYS model (Fortran based) was indentical to the SG79 (CSMP-III based)
computer .nodel developed by C. van Bavel at Texas A&M University and used and

verified in several studies dealing with greenhouse performance.

The results of these analyses are summarized in Table 5 and Figure 5.
Table 5 gives the major optimization results and annual performance, wnile Figure 5
shows the annual balances. A typical result of some of the details available is
shown in Figure 6. System economics are summarized in Table 6 and Figures 7 and

3. These results are described and discussed in detail in Volume 3 of this report.

TASK 4 - PRELIMINARY SYSTEM DESIGN AND COST ANALYSIS

The purpose of Task 4 was to develop a preliminary design of an
Engineering Test Facility (ETF) to be located on the Texas A&M Agricultural
Experiment Station Farm in El Paso, Texas. The preliminary design was to consist
of tc;p-level drawings and component specifications. This information was then used
to determine the cost of construction and operation, Phase 2 and Phase 3,

respectively, of the ETF.
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Table 5. SCEAS System Optimization Results

ANNUAL
SUBSYSTEM RATED CAPACITY PERFORMANCE

PV System™ 344 KWp 723 MWh DC
Wind Subsystem 0 kW 0 MWh

Battery Charging 256 kW, 2740 kWh** 291 MWh DC
Battery Discharging 256 kW, 2740 kWh** 232 MWh DC
Power Conditioner 250 kVA 437 MWh AC

RO Desalination 3.04 m3/h 22,300 m>

Total AC Loads 250 kVA 437 MWh AC

¥ Includes array regulator

* #

Nominal capacity (usable capacity is 2,190 kWh at 80% allowable depth of
discharge)
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Table 6. SCEAS Subsystem Cost Breakdown (1981 k$)

CAPITAL ANNUAL REPLACEMENT
SUBSYSTEM COST COST COST
PV, 344 kW 642 10 356 @ 10y
Battery, 2740 kWh 478 11
PCU, 250 kVA 48 1
Diesel, 2-200 kW 62 4
Controls, UPS, Data 440 7
Desalination 240 5 15.3 @ 3y
Evaporation Pond 133 3
Greenhouse, 5 Ha 11916 89
Support Facilities and
personnel 366 403
C02 2 242
Capital Cost Adders 3595 0
TOTAL 17972 775 439 (NPV)
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The objective of the design was the faithful scaling of the cornmercial
facility to ensure that the ETF results could be extrapolated to a com.nzrcial facility
of any size. Therefore, all major features, including the photovoltaic power system,
an integral water desalination system and even the basic structural module have been

retained.

The design is described in Volume 4 of this report, with details in
appendices in Volumes 4 and 5, giving the drawings and specifications, respectively. A
computer sinulation of the performance of the Engineering Test Facility in El Paso,

Texas, was made to verify the adequacy of the design.

The Task 4 results represent an effort substantially greater than a typical
preliminary engineering design study would provide. The added effort was deemed
necessary in order to develop realistic implementation schedules and high confidence

cost estimates for the definition of Phase 2 (Task 5).

The Engineering Test Facility design emulates the commercial size facility
in all important aspects except size. The enclosed greenhouse area is 3,600 m2 with
3,150 m2 of growing area. There are four equal size growing compartments and a 7.5
m wide corridor thru the center that provides access to the compartments and work
space. The size and cornpartmentation are adequate for all experimental objectives.
The ETF roof structure consists of water cooled glass covered by an inflated plastic
film roof to maintain a clean environment for the fluid roof and to protect the inner

glazing from hail and other small missiles.

The only significant departure from the cornmercial systein design is the
powering of non-azricultural loads from the local utility. The housekeeping functions
for the ETF do not scale linearly and their inclusion in the power requirement for the
photovoltaic system would have resulted in a substantial cost increase without any
experimental purpose. The utility is also used as a backup power source for the

agricultural loads in lieu of diesel generators.

The performance analysis indicates a remarkably small energy require nent
for operation of the facility. Prudent design dictates a slight oversizing of the solar
energy system to account for reduced efficiencies resulting fro:n smaller .notors and a

4:]1 increase in the ratio of unfiltered side walls to filter glass roof.
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TASK 5 - PHASE 2 DEFINITION

The purpose of Task 5 was to develop a plan for implementing the
Engineering Test Facility developed under Task #. This plan constitutes a proposed
Phase 2. Furthermore, Task 5 was to determine the cost of Phase 2 based on the
preliminary drawings and specifications for the El Paso, Texas, site and prepare an
estimate for an equivalent facility in Saudi Arabia. An additional item to be

considered under Task 5 was the estimation of the cost of operation during Phase 3.

In order to accomplish the above, a detailed work breakdown stricture was
developed accounting for all activities required under Phase 2. This inforimation was
used to determnine the project design and management costs and the overall
implementation schedule. The preliminary drawings and specifications were used to
generate material take-offs to determine equipment, material, and construction costs.
Cost quotations were solicited for all items to be purchased or constructed and tallied
to obtain the total system construction cost. Details of these costs have been

presented in a separate document.

The WBS allowed the development of the Phase 2 schedule shown in Figure
9. The overall schedule for completion of Phase 2 is 15 months, of which
approximately 10 months are associated with construction and checkout. No long lead

items have been identified that could seriously impact the schedule.

In addition to the cost of the ETF for the El Paso, Texas, site, a cost
multiplier has been estimated for construction of an ETF in Riyadh, Saudi Arabia.

Cost differences between the two sites are principally due to the following factors:

] Construction costs - Due to limited availabilities of required
materials of construction and skilled technicians and
engineers, the cost increase for this element of the ETF is
estimated at 29% of the total project cost

° Shipping costs - Most of the high technology elements of the
system will come from the US, incurring handling and
shipping costs estimnated at an additional 1% of the total
project cost

° Site differences - Because the Saudi Arabia and US sites are

not identical certain design changes are required to the ETF
in order to make it functional in Saudi Arabia. The specific
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items requiring modifications are the result of greater well
depth and higher acquifer temperatures, requiring additicnal
pumping power and an alternative cooling system. These
changes are estimated to add an additional 33% to the
project cost. \

® Project Management - Both construction and project
management represent additional cost items when conducted
from the U.S. These cannot be estimated at this time until
further details are available as to the required structure of
the project.

The overall cost multiplier for an ETF in Saudi Arabia is thus estimated at around
1.63, or 63 % higher than the E1 Paso, Texas site.

The operation of the ETF, or Phase 3 of the project, is currently planned
for a 2 year period following construction. To estimate the cost of Phase 3
required a consideration of the following items:

(] Routine Operation and Maintenance

- 0&M of equipment, structures, mechanical, electrical,
and electronic systems (including replenishment of spare
parts inventory)

- Planting, growing, harvesting, and disposition of crops

(] Conducting a Test and Evaluation Program
Collection and organization of experimental data

- Analysis of data
- Dissemination of data

) Training/E ducating Visiting Personnel

These considerations resulted in a first year operating cost estimate of $950,000
and a second year estimate of $900,000. For the operation of the ETF at E1 Paso,
Texas, the estimated costs are $950,000 for the first year of operation and $900,000
for the second year of operation.
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SYSTEM REQUIREMENT DEFINITION

ABSTRACT

Tmis report sets forth the system requirements for a Solar
Controlled-Environment Agriculture System (SCEAS) Project. Ia the report a
conceptual basaline system descrintion for an engineering tast facility is
given. This baseline systam employs a fluid roof/roof filter in
combination with a large storage tank and a ground water heat exchanger in
order to provide <cooling and heating as needed. Desalination is
accomplished by oretreatiment followed by reverse osmosis. Energy is
provided by means of photovoltaics and w~ind machines in conjunction with
storage batteries. Site and climatic data needed in the design process are
given. System performance specifications and integrated system design
criteria are set forth. Detailed subsystem design criteria are presented
and appropriate references documented.

SECTION 1
INTRODUCT ION

This report presents the results of Task 2 entitled "System
Requirements Definition." The principal activities under Task 2 includa2 the
collection of standard climatic and site data, the generation of engineering
field test system and subsystem performance specifications and the generation
of integrated system design criteria. This Task 2 report summarizes the
results of these activities and provides a guide for subsequent activities
under Task 3 "Systems Analysis", Task 4 "Preliminary Design of Pilot Plant of
an Engineering Field Test" and Task 5 "Phase 2 Definition Study". As these
subsequent tasks are undertaken the Task 2 report will be used as a guide to
insure that all of the requirements are being met. It is possible that some
of the system or subsystem requirements may have to be modified as the project
progresses, based on more complete information and ideas generated. However,
in such cases a detailed rationale for the change will be provided.

The report is organized in such a way as to first provide an
overview of the initial baseline design, followed by site and climatic data,
system performance specifications, integrated system design criteria,
subsystem design criteria, a list of references and finally a preliminary

environmental assessment.
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SECTION 2
ENGINEERING TEST FACILITY BASELINE SYSTEM DESCRIPTION

2.1 OVERVIEW OF THE DESIGN

The site location has been selected to be the Texas A&M Agricultural
Experiment Station Farm in E1 Paso, Texas. An overall view of the SCEAS
concept is shown in Figure 1. The basic elements of the system consist of a
0.96 hectare greenhouse; an evaporation pond; a photovoltaic system; a wind
machine; a metal support building housing batteries, pumps, desalination
equipment, controls and instrumentation, office space, product processing and
nandling areas, product and material storage areas as well as other greenhouse
support operations; crop residue drying and burning operiation; a co,
supplementation facility, backup diesel generators and water storage tanks.
The entire facility will be surrounded by a fence.

The system block diagram shown in Figure 2 indicates key features of
the system. The 0.96 hectare greenhouse is divided into four 0.2 hectare crop
growth sections with a North-South dividing corridor. The greenhouse is
cooled by water flowing between the double glass layers comprising the ridged
roof. The inner glass pane is tinted to pass most of the photosynthetically
active light (400-700 nm) and block the infrared radiation (greater than 700
nm) from passing through. This feature allows leaf temperatures only a few
degrees centigrade above greenhouse air temperatures to be maintained. Heat
collected by the flowing roof water is rejected through a heat exchanger to a
cool water supply from an underground aquifer at 18%¢c. This same cool water
supply is used to recover some of the water transpired by the plants in a
condenser and thereby conserves on water usage. Cool air from the condenser
is mixed with greenhouse air and small amounts of outside air and helps
maintain relative humidity levels at about 85 percent. By re-injecting the
cooled greenhouse air which has been enriched with COZ’ the amounts of C02
needed for enrichment are reduced as compared to a system which uses only
outside air for humidity control. CO2 enrichment is accomplished at least in
part by burning the crop residues in a furnace. The hot gases from the
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FIGURE 1
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furnace, enriched in COZ, are passed through a heat axchanger before entering
the greenhouse. In this manner, heat is stored in an insulated water or 011l
filled storage tank and subseguently used for other facility needs.

The reverse osmosis process is used for desalination. Feedwater
for the reverse osmosis unit is brackish water from the aquifer after it has
been heated to about 450C, using waste heat from the roof cooling system or
from the above mentioned storage tank, and chemically treated. The rejected
brine from the desalination equipment is sent to an evaporation pond.

Power is provided by means of a photovoltaic system which provides
power in proportion to the greenhouse power needs. A wind energy conversion
system has been incorporated into the power system in order to reduce battery
storage, increase electrical system availability and take advantage of
available resources.

Not shown in Figure 2 1is the Tlarge underground concrete storage
tank. Normal roof coolant flow is from the storage tank, up through the roof,
to the heat exchanger if required, and back to the storage tank. This storage
system can be used for heat and "coolness" storage depending upon the time of
the year. The hydroponic crop production system allows growth of selected
vegetables in a sand medium. These vegetables are rotated on a seasonal basis
in consonance with greenhouse temperature variations.

2.2 INNOVATIVE FEATURES OF THE SYSTEM

We believe that the fluid roof/roof filter concept for greenhouse
cooling is truly unique and innovative. Although this concept is not widely
kxnown, a 400 mz demonstration greenhouse using this concept has been built and
is operating successfully in Hyeres, France. Much of the original design work
for this facility was carried out by Dr. Cornelius van Bavel, a world renowned
greenhouse expert. Or. van 3avel, who is a key member of our team, has
developed a detailed dynamic computer simulation code incorporating plant
growth models for the proposed concept as well as for other more conventional




greenhouses. This code-is being incorporated into TRNSYS by SAI for use on
this project.

The potential for innovation within the proposed concept and the
options identified for later study is truly far reaching. Among these
innovations are the following:

[ A unique fluid roof/roof filter radiation control system
(] An integrated, energy self-sufficient system

] A crop growth system with flexibility for crop selection
and rotation

() An active/passive storage system for greenhouse cooling
and heating

) Combined usage of both solar radiation and wind energy
resources

) State-of-the-art desalination technology with broad
applicability to other sites and water qualities

[ Usage of crop residue carbon for CO, generation recycling

° Reduction of water usage by humidity control with ground
water condensor

° A system with broad applicability to a range of site
conditions.
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SECTION 3
SITE AND CLIMATIC CHARACTERISTICS

The site chosen for detailed analysis is located in Texas in the
lower E1 Paso Valley. In this section, a background description of the EIl
Paso area is given, specific information on the proposed site is provided and
detailed information on the climate is presented. Specific sources used to
compile data for this section include references 1-10, 22 and 23.

3.1 BACKGROUND DESCRIPTION OF EL PASO AREA

E1 Paso is a city at the extreme western tip of Texas, on the Rio
Grande River, opposite Ciudad Juarez in Mexico, is the seat of E1 Paso County
and is the port of entry. The city lies at the foot of Mt. Franklin, below a
pass where the Rio Grande issues from southernmost spurs of the Rockies. The
altitude is 1,147 m (3,762 ft); the climate is sunny, mild, and dry, with
annual precipitation averaging about 216 mm (8.5 in). Municipal deep wells
supply the city with adequate water. It is the largest city on the Mexican
border. Pop. (1970) 322,261; standard metropolitan statistical area (E1 Paso
County) 359,291. The city and county together with Ciudad Juarez create an
international community of more than 500,000 inhabitants, a metropolitan
oasis hundreds of miles from any equal concentration of population and
commerce. The Spanish language and the Latin heritage are important to the
city's personality. 01d adobe buildings in the city are distinctly Mexican,
yet in general appearance E1 Paso is a modern U.S. city.

Both its original establishment and its growth are attributed
essentially to a strategic site upon a transcontinental crossroad. It is an
important foreign trade and transportation center on several federal highways
and is served by both U.S. and Mexican railroads. Trucking systems augment
these facilities, and commercial airlines operate from a municipal airport.

E1 Paso is a tourist gateway to Ciudad Juarez and the interior of
Mexico on the Pan-American Highway and to attractions in a scenic area of the
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United States, which include Carlsbad Caverns National Park and Big Bend
National Park.

It is the commercial and financial center for a widespread trade
territory where livestock ranching, irrigated cotton farming, and mineral
production are chief resources. Located in E1 Paso are a copper-lead custom
smelter and an electrolytic copper refinery, both among the world's largest.
There are petroleum refineries, a cement plant, extensive carshops, and home
offices of the world's largest natural-gas distributor. E1 Paso is a center
of distributors and jobbers of manufactured products and goods. Many
diversified small industries are components of the city's economy. A needle-
goods industry, mainly the manufacture of cotton outdoor clothes, employs
several thousand workers. E1 Paso stockyards and meat-packing plants process
cattle and sheep from ranges in the southwestern U.S. and northern Mexico. FE1
Paso is the centre of a reclamation area comprising 71,200 hectare (178,000
acres) of Rio Grande VYalley farmlands irrigated from Elephant Butte and
Caballo reservoirs. Two-thirds of annual production is cotton, much of it
high quality long-staple. It is processed by the valley's ginning and
cottonseed milling industries.

Military installations are important. Fort Bliss, established as a
frontier post at E1 Paso in 1849, is a U.S. Army air defense missile test
center and missile school. The Army's William Beaumont General Hospital
adjoins Fort Bliss.

A scenic driveway around Mt. Franklin affords a fine view of the
city and valley. E1 Paso nas public, parochial, and private schools and is
the seat of the University of Texas at E1 Paso (established 1913). A symphony
orchestra is supported by E1 Paso's citizenry. The public library, built in
1954, houses over 340,000 volumes and is of outstanding architectural merit.
A museum of art built in 1960 holds a collection of old masters and exhibits
contemporary works. Beginning in late December each year the city celebrates
a sun carnival, which includes art shows, bullfights, polo matches and horse
races and which ends with a football game on January 1.
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3.2 SITE DESCRIPTION
3.2.1 General Area Terrain

Physiographically the area includes three distinct divisions.
These are (1) the rugged and prominent Franklin Mountains which reach 2186 m
(7172 ft) above mean sea level, (2) the benchlands adjacent to the river
valley which are locally referred to as the "Mesa" and average 1219 m (4000
ft) above mean sea level and, (3) the river valley which consists of the
recent flood plain of the Rio Grande and is relatively level with a slight
gradient of 0.53 m per kilometer (2.8 ft per mile) to the southeast. The
river valley in the vicinity of the site is approximately 1128 m (3700 ft)
above sea level.

Soils in the area are of the blue-point, loamy, fine-sand type which
are favorable for structures of less than 3 stories and traffic ways. This
soil is subject to blowing and requires special consideration for foundations
and sub-level structures.

3.2.2 Water Source and Characteristics

The source of water for the SCEAS located on the Texas A&M
Experimental Farm is the Rio Grande alluvium aquifer. Recharge to the aquifer
comes from four sources:

1. Infiltration of precipitation which falls directly on the
surface and runoff from the Mesa areas.

2. Uoward leakage from the underlying Hueco and Messila
Bolson deposits.

3. Leakage from the Rio Grande river and numerous canals
which traverse the heavily cultivated and irrigated flood
plain.

4. Excess irrigation water applied to the cultivated land.

Orior to the development of the surface water irrigation system,
recharge was very small and the water level was below the bottom of the Rio
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Grande. However, due primarily to recharge from irrigation the watar level
began rising and it was necessary to construct a system of drainage canals to
keep the land from becoming waterlogged. 0On tne average the aquifer is full
and a large part of the recharge water is rejected and becomes drain flow. In
years of subnormal surface water availability, there may be some reduction of
the water level because of heavy pumping from the aquifer, which is recovered
in years of good surface water availability. The water level at the site
averages 3 m (10 ft) to 6 m (20 ft) below land level.

It appears therefore that the source of water for the SCEAS is
renewable and that no significant reduction in water level will be experienced
from its water useage.

3.2.3 Area Water Quality

Figure 3 shows the areal chemical quality of water in the Rio Grande
alluvium aquifer. The quality varies considerably through the region. Most
of the recharge to the alluvium is from infiltration of applied irrigation
water. The use of partial recycling of this water has had the effect of
increasing the salinity of the groundwater particularly in the upper water
bearing sands of the alluvium. Table 1 shows analyses of water from selected
wells on the Mesa and in the Valley to give an indication of the variable
quality of water in the neighborhood of the selected site. The data show that
water quality in the Mesa area is considerably better than in the valley and
that the wells to reach the water table are approximately 61 m (200 ft) deeper
than in the valley. These two factors resulted in elimination of a site in
the Mesa area.

3.2.4 Specific Site

The site for the SCEAS is located on a 64 hectare (160 acre)
experimental farm, owned and operated by the Texas A&M Experimental Station at
E1 Paso. The farm is located in the Rio Grande Valley about 24 kilometers (15
miles) from E1 Paso airport and approximately 4.8 kilometers (3 miles) from
route 10, the main East West interstate highway. Figure 3 shows the site
location. Although irrigation water for the farm is obtained from the E1 Paso
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TABLE 1

ANALYSIS OF IRRIGATION WELLS

IN VICINITY OF TEXAS A & M EXPERIMENT STATION

MESA WELLS
. Specific
From Flg 17: SamPle M N K o) S Total N P
Well # Aquifer Depth ft Date si0 Fe Ca g a HC 3 04 cl F NO3 B DS Hardness ngg:ggﬁgge pH
49-22: as CaCO, at 25°C
102 Qtal 6 323 8/1/66 29 .45 21 6.3 178 6.€ 145 77 198 0.9 1.8 0.09 591 80 1050 7.6
103 Qtal 6 386 7/22/70 - .01 34 6.0 254 - - 106 320 0.8 - - 747 110 - 8.2
201 Qtal 6 219 11/9/50 28 13 40 9.8 200 - 130 84 269 - 1.0 - 704 140 1220 7.8
205 Qal Rg 87 7/27/56 - - - - - - 298 - 358 - - - - 470 2230 8.1
206 Qal Rg 110* 7/11/55 - - 46 15. 194 - - 130 249 0.5 - - 778 178 - 8.2
601 Qal Rg 50 3/18/68 - - 26 8.9 - - 228 620 282 - - - - 102 2520 7.4
613 Qral 6 312 1/17/76 19 - 45 17. 312 - 82 775 366 0.6 <0.4 ~ 1080 182 1850 7.7
616 Qral 6 220 5/15/74 31 - 43 13. 305 - 155 385 218 1.5 0.6 - 1070 161 1610 6.9
617 Qtal 6 307% 11/5/69 18 .05 - ~ 340 - 96 482 295 - - - 1394 419 - 7.9
X MESA WELLS 223.1 25 .16 36.4 11.125 254, 162 332.7 283.8 0.86  0.95 909.1 204.6 1746.6 7.75
VALLEY VELLS
49-22
118 Qal Rg 100 8/7/56 36 - 163 31 364 - 356 591 288 .8 1.5 - 1650 534 - -
401 Qal Rg 103 9/24/57 30 - 83 25 200 7.6 247 274 193 A - 0.16 936 3135 1500 7.7
506 Qal Rg 128 7/12/72 36 - 236 44 275 - 417 620 275 1.0 <0.4 - 1690 770 2220 7.5
512 Qal Rg 160 3/28/51 29 - 78 34 295 ~ 182 238 414 .8 2.5 29 1180 334 2020 7.9
530 Qal Rg 93 1/17/76 11 - 109 37 347 ~ 397 444 298 1.1 <0.4 - 1440 426 2290 7.9
818 Qal Rg 173% 4/3/57 36 - 570 99 705 15 100 358 2050 0.1 - 0.15 3880 1830 6630 7.5
907 Qal Rg 111 9/5/56 - - - - - ~ 386 - 880 - - - - 845 4390 7.6
308 Qal Rg 145 3/28/51 32 - 353 108 965 ~ 162 338 1650 - .5 0.3 4130 1320 6460 7.7
911 Qal Rg 138 do 36 - 219 71 855 - 154 844 1230 0.9 2.0 0.4 3330 838 5200 7.9
939 Nal Rg 90 * 1/30/74 - <0.1 120 61 h54 - - 950 600 1.1 - - 1860 550 - 8.3
230 Oal Rg 126 1/15/76 23 - 286 61 700 - 228 1120 780 0.5 0.7 - - 960 4160 8.0
T _VALLEY WELLS 124.27 29.38 - 221.9 57.1 536 262.9 637.7 787 0,74 1.14 0.26 2232.8 793 3874.4 7.8
U ALL WELLS 163.0 28,164 .12 145.5 38.0 20 221.3 502 560.6 .785 1.07 0.23 1653.75 528.2 3023.3 7.778
TD. DEV, 94 1.7 .18 143.1 31.9 251 111.5 326.3 514.2 .35 0.75 0.1161127.9 4530 .4 1863.7 .33
*1verage
Source of data: Texas Department of Water Resources, Report 246, “Ground-Water Development in

the E1 Paso Region, with Emphasis on the Lower E1 Paso Valley", June 1980.




water district, there is a well on the farm which would be a suitable source
of brackish water for the SCEAS. This well was run at 157 1/s (2500 gpm) for 2
hours on August 7, 1981. A sample taken after 2 hours showed 3488 ppm TDS and
a watar temperature of 18°¢ (64°F). A detailed water analysis is shown in
Table 2. An approximately 2 hectare (5 acre) tract in the immediate vicinity
of the well could be made available for the SCEAS.

3.3 CLIMATIC DATA
3.3.1 Climatological Summary

The E1 Paso National Weatner Service station is located on a mesa at
about 1189 m (3900 ft) elevation. The climate of the region is characterized
by the abundance of sunshine throughout the year, high but no extreme daytime
summer temperatures, with very Tlow humidity, scanty rainfall, and a
relatively mild winter season typical of arid areas at low latitudes.

Rainfall throughout the year is light, insufficient for any growth
except desert vegetation, and irrigation is necessary for crops, gardens, and
lawns. Dry periods of several months' duration without appreciable rainfall
are not unusual. Almost half of the precipitation occurs in the three-month
period, July-September, from brief, but at times heavy, thunderstorms. Small
amounts of snow fall nearly every winter, but snow cover rarely amounts to
more than a few cm and seldom remains on the ground for more than a few hours.

Daytime summer temperatures are high, frequently above 32°¢ (90° F)
and occasionally above 38°¢ (100°F), but summer nights usually are
comfortable, with minimum temperatures usually around 15-20°C. The highest
temperature on record is 45°¢ (112°F) in July 1981. It should be noted that
when temperatures are nigh the relative humidity is generally quite low. A
20-year tabulation of observations with temperaturas above 329¢ (90°F) shows
that- in April, May, and June the humidity averaged from 10 to 14 percent,
while in July, August, and September it averaged 22 to 24 percent. This low
humidity aids the efficiency of evaporative air coolers, which are widely used
in homes and public buildings and are quite effective in cooling the air to

comfortable temperatures.
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TABLE 2
. RESULT&;{) ANALYSIS ON UNIVEDSITY FARM WELL WATER
McCoORrMACK ORIPORATION

ESTIMATLD OPE RATING RESULTS

1. Haze in sample cleared when acidilied
2. Sample thru 0. 45U filter.

Nems University Farm Well, L Aduress East of E1 Paso, Texas
. Raw water sample collected after twg hours pumping at 2,300 gpin, a e
2 1 - converted to CaCO4_ e ® substanc
3 I 3
4, e B
Anaiynt of treated waters are Lypncal Of 180Ul antiICipuied Any yuaianives with reivivice 10 3eCITIC CONIIurnts 8/v LUVESIYY WA RIsly
my/L (PPM) A CsCo
Substance Symbol 1 2 3 4 , 5 [0 / H
1 Calcium Ca+ve 108 270
£ Magnesium Mg++ 83.3 343
2| Sodium Na+ 78111702
LS [ Potasiu K+ 66.7 85
Hydrogen Acidity He - - ;‘
Tota) Cations - 2400
Gicarbonste~y 2 HCO3 ~ 416) 416
Carbonute £ co3 -~ 0 0
| Hydrox:ide 3 OH ~ Q 0
§ Phospnate < PO4q ~ 1.5 2.4
< | Chioride c - 719 {1014
Suifate S04~ 920 957
Nitrate NOq ™ 1.5 1,2
Total Anians ~ 2391
Totei Huraness aCO3 615 613
Alkahinity A {Methyl aﬂe 3 416 4106
Alkalinity 8 (Phenophthaisin 0 0 i
mg/L (PPM) As Substance Or 1n Uity Indscated
Free Carbon Dioxide CO2 cAaLcl. 26
Sihca — Total $102 16. 16. 4
2.Sihica — Dissolved Si02 15.4 15.6
1.1ron = Total Fe 0.59 0.59
fron = Dissolved Fe 0.40 0.40
Manganesa — Total Mn 0.6 0. 66
Mangenese ~ Dissolved Mn 0.5¢4 0.56
Fluoride F 1.18 1.15
Oxygen Demand KMnO4 - 5,6
Suspunded Sohds 24 24
1. Turbiuty (NTU) BPNK 1.7 1.7
Silt Density index - -
Cotor  Apparent - -
Color Tiue [APHA) 50 50
Total Orgeruc Carbun  C 2.2 2.2
Conductivity mmho/cm 5166 5166
Total lons -
TDS (By Evaporation) 3488 |3488
pH Field - -
Laboratory 7.5 7.5
Caicuioted - -
Barium L0.01 !
Strontium 9.0
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Wintar daytime temperatures are mild, rising to 12.8% (55°F) to
15.6°7 (60°F) on the average. At night they drop below freezing about half
the time in December and January. The flat, irrigated land of the Rio Grande
Vallay in the vicinity of E1 Paso is noticeably cooler, particularly at night,
than the airport or the City proper, both in summer and winter. This result
is more comfortable temperatures in summer but increased severity of freezes
in winter. The cooler air in the Valley also causes marked short-period
fluctuations of temperature and dewpoint at the airport with changes in wind
direction, especially during the early morning hours.

The Franklin Mountains begin within the City 1limits and extend
northward for about 25.8 kilometers (16 miles); peaks of these mountains range
from 1429 m (4,687 ft) to 2180 m (7,152 ft) above sea level. They add
noticeably to the gustiness of the winds during high velocities, and cause
changes in direction during periods of light winds.

Dust and sandstorms are the most unpleasant features of the weather
in E1 Paso. While wind velocities are not excessively high, the soil surface
is dry and loose and natural vegetation is sparse, so moderately strong winds
raise considerable dust and sand. A tabulation of duststorms, for a period of
20 years, shows that they are most frequent in March and April, and
comparatively rare in the period July through December. The highest monthly
average is in March - nearly 40 hours a month with visibility reduced to 9.6
kilometers (6 miles) or less by dust.

Prevailing winds are from the north in winter and south in summer,
with the prevailing direction for the year north by a small margin.

3.3.2 Meteorological Data Base

The various meteorological data required to analyze the éo]ar
controlled environment agriculture system will be derijved from historical
data. The various data requirements are listed in Table 3. Hourly weather
data will be used to determine plant performance, extremes will be used to set
reliability and safety requirements. The source of data is the National
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TABLE 3

METEOROLOGICAL DATA REQUIREMENTS BY SUBSYSTEM

PARAMETER

SUBSYSTEM

PV COLLECTORS

WECS

ELECTRICAL
STORAGE

EVAPORATION
POND

GREENHOUSE

DIRECT NORMAL
RADIATION

TOTAL RADIATION ON A
HORTZONTAL SURFACE

WIND SPEED

WIND DIRECTION

DRY BULB
TEMPERATURE

HUMIDITY

GROUND TEMPERATURE

RAINFALL RATE

BAROMETRIC
PRESSURE

SNOW AND ICE




Climatic Center and their supporting agencies, either in the form of magnetic
data tapes or printed summaries.

Tables 4a-g provide specific monthly data for 1980; historical
normals, means and extremes; and other relevant monthly data for selected
years. These are issued by the NOAA National Climatic Center in Ashville,
N.C. Several of these data along with average lake-surface evaporation rates
are plotted in Figure 4.

The meteorological data for the performance calculations will be
obtained from the hourly records of the Typical Meteorological Year (TMY) data
base for E1 Paso, Texas. This data set is part of a larger data set, (1, 2, 3,
7) and represents the best available hourly meteorological data that can be
used to simulate mathematically the performance of solar energy systems.

The TMY data were derived from a larger data base, encompassing a
twenty-three year historical record of hourly measured solar radiation data
and surface weather observations ending in 1975. This "SOLMET" data base was
prepared by NOAA for DOE, Division of Solar Technology, in 1977. The Typical
Meteorological Year was developed by Sandia Laboratories in 1979.

Alternative choices of data include the TRY (Test Reference Year)
data base, used extensively by the American Society of Heating,
Refrigerating, and Air Conditioning Engineers (ASHRAE), This data base
contains solar radiation data in the form of cloud cover specifications, so
that a model is required to convert these data to solar radiation (direct
normal and/or global). Extreme values were eliminated. Another choice might
be the Liu-Jordan probabilistic model for solar radiation, but its drawbacks
are that daily sequences are not accounted for and that wind is not included
in this procedure.

' For systems utilizing solar radiation the TMY data are the best
available. However, great care has to be exercised in using the wind
information. During the history of a weather station the location of the
measuring equipment may have changed several times. Of special importance is
the location and height of the anemometer. The TMY data are a concatenation
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of typical months selected from a long term data record spanning the years
1952 through 1975. Specifically for E1 Paso, Texas the months selected are
given in Table 5.

Table 5. TMY Months for E1 Paso, Texas

January 1974 July 1971
February 1967 August 1961
March 1975 September 1971
April 1974 October 1967
May 1954 November 1971
June 1961 December 1956

The wind measurements during the period of record were taken at
different heights. The anemometer height histories were obtained of all
available wind observations (6). For E1 Paso, Texas the following was
extracted:

14 September 1942: anemometer was moved to roof of building,
25.9m (85 ft) above ground level;

5 January 1961: anemometer was moved to a mast attached
directly to the ground, 6.1m (20 ft) above ground level;

11 April 1964: anemometer was moved to a roof of a building
11.3m (37 ft) above ground level.

The windspeed for each hour of the year will be adjusted to a reference height
of 10m (33 ft) wusing the convential 1/7 power law.

When computing windpower, using the corrected windspeed at the
hubheight of the wind machine and the power/windspeed curves supplied by
the manufacturer, an additional correction factor will be made for air
density. This is especially important since E1 Paso is Tlocated approxi-
mately 1200 m (3940 ft) above sea level. Thus, for a given windspeed the
power obtained from the performance curve will be multiplied by 'Fd the
density correction factor, defined as

fd = p
pref
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0.0012930 3-0.378e 3
760 |, g/cm

where P = 1+0.00367T
5 ref 1.24 x 1073 gn/em® or 1.24 kg/m’
T = ambient air temperature, OC

partial pressure of water vapor in the air, mm of mercury

barometric pressure, mm of mercury

The partial prassure of water vapor, e, will be computed using the procedures
given in References 4 and 5.

The following quantities will be extracted from the TMY data tape:

direct normal radiation

total radiation on a horizontal surface
wind speed

wind direction

dry bulb temperature

barometric pressure

The humidity of the air can be expressed in various terms, such as
absolute humidity, relative humidity, partial pressure of water vapor, all of
which can be determined from the dry bulb temperature, wet bulb temperature,
and barometric pressure using appropriate thermodynamic relationships.
Relationships (4, 5) exist to derive any moist air variable desired. The
parameters to be computed are:

wet bulb temperature

absolute humidity

relative humidity

humidity ratio

enthalpy of moist air

partial pressure of water vapor in moist air

volume of moist air
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In order to obtain a visual picture of the relationships between
solar radiation and windspeed, the hourly guantities for 2ach month of total
solar radiation on a horizontal surface and windspeed at 10m height were
sorted and placed in bins and the results displayed in a 3-dimensional plot.
These plots were generated for each month of the year using the TMY data set.
The results are shown in Tables 6a, b, and Figure 5. As may be noted this form
of representation is dominated by the hours of no solar radiation (night time
hours). Ideally one would like to see a band extend horizontally from left to
right, implying a perfect complementarity of solar and wind, ranging from no
wind - plenty of sunshine to no sunshine - planty of wind.

A different display of the local meteorology with respect to solar
radiation and wind is shown in Figures 6a and b where the average solar
radiation and windspeed is plotted for each month of the year.

3.4 CLIMATIC DESIGN CRITERIA

The following design criteria will be used in the analysis and
dasign of the SCEAS.

. Maximum Solar Intensity - lOOOW/m2

(] Maximum Wind Speed (10m above ground) - 35.8 m/s (80mph)

° Seismic - Zone No. 1

° Live Loads - 0.72 kPa (15 psf) vertical load or 144kgm
(250 1bs) manload on a member in its most critical

position (SBC 2304 (a, b).

° Wind Load - 1.77 kPa (37 psf) velocity pressure as set
forth in Table 23B (SBC 2306.2 (a))
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TABLE 6 b. MONTHLY RESULTS OF EL PASO TMY RADIATION/WIND CORRELATION STUDIES
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SECTION 4
SYSTEM PERFORMANCE SPECIFICATIONS

In this section performance specifications and constraints to which
the system must conform are given.

4.1 TECHNICAL PERFORMANCE SPECIFICATIONS

Each of the technical performance specificiations prescribed in the
contract are given below.

Design Life - the overall system design 1ife shall be 20 years.

Feedwater Type - feedwater to be used for the desalination
system shall be from a brackish water aquifer.

Desalinated Water Quality - the total dissolved solids content
of the desalinated water shall be less than 500 mg/1.

Climatic Conditions - the SCEAS shall be designed to operate
in hot arid regions of the United States and the Kingdom of
Saudi Arabia.

Power Generation - all power to be used normally by the
integrated SCEAS shall be generated on site by direct or
indirect solar sources.

Methods of Cooling/Heating - active and/or passive cooling
shall be used to maintain the greenhouse and plant leaf
temperatures within acceptable limits.

Economy of Water isage - the SCEAS design shall economize the
use of water owing to its scarcity.

Disposal of Desalination System Waste - the system shall
provide an acceptable means for the disposal of wastes from
the desalination process.

Jsage or Disposal of Agricultural Waste - the system shall
provide an environmentally acceptable means for usage or
disposal of agricultural waste materials (vines, Tleaves,
etc.).

Backup Power System - a backup power system shall be provided
to protect the overall system and crops during emergencies,
engineering repairs, and maintenance work.
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4.2

the minimum levelized life cycle cost per kilogram of product produced the
methodology shown in Table 7 will be employed.

Energy Storage - adequate energy storage shall be provided
(thermal, electrical, etc.) to maintain appropriate system
functions at all times of the day, month and year.

areenhouse Temperaturz - the SCEAS shall be designed to
maintain greenhouse temperatures witnhin the limits required
for crop protection and economically optimum growth.

Greenhouse Humidity - the SCEAS shall be designed to maintain

greenhouse humidity levels within 1imits acceptable for ,
economically optimum plant growth and productivity.

Greenhouse €02 Lavels - the SCEAS shall be designed to provide

greennouse (02 Tevels appropriate for economically optimum
plant growth.

Greenhouse Size - the greenhouse for the engineering test
facility shall range in size from 0.4-1.0 hectare.

Support Facilities - the SCEAS shall be designed to provide
the support facilities required to effectively operate the
entire facility as a commercial business. These shall include
such items as heated, cooled and ventilated working areas for
personnel as required, storage areas for supplies and produce,
and environmental protection of SCEAS hardware (pumps,
batteries, controls etc.)

Roads and Fence - the entire facility shall have adequate
roads for necessary equipment/personnel access and shall be
surrounded by a fence.

Irrigation Water Storage - a minimum supply of 20 days storage
for irrigation water shall be provided.

Backup Power Fuel System - a 7 day storage of backup power fuel
shall be provided.

ECONOMIC PERFORMANCE SPECIFICATIONS

In performing economic analyses on the system in order to arrive at

with this methodology are given in Table 8.

4.3

and specification of the various system/subsystems/components. The Tatest

CODES AND STANDARDS

The codes and standards listed below will be applied in the design
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addition and the latest addenda in effect at the time of contract ~ill

applied.

(@]
.

1976 Southern Standard Building Code - With the 1977
through 1980 addenda.

The local addenda to the Southern Standard Building code
as applicable to this project.

A1l references to standards and specifications in the
Southern Standard Building Code.

Uniform Building Code issued 1979 for seismic design
parameters.

Where the Tlocal code does not cover items of design
sufficiently to establish clear criteria, the 1local
building official will be consulted. (Chief inspector:
Mr. Rios)

The National Electric Code including all references to
standards and specifications therein.

Occupational Safety and Health Administration Documents.
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Table 7. Applicable Equations
(From Refarence 1)

CI 1 + i
2 t g
= p C
CIpv =(1+g.) T <TTk—; (8.38)

N
( l+g 1+g .
p X X if < # (3.39)
(l+9x) Xa K- g, [1-<1+k>] h
va =
p L]
(1+g,)" X, N

Where p=yco-yps jz.Yt-.yCO +1,

and 9, is the escalation rate for OPt, MNTt, FLt, as appropriate.

—_ _d . )
AC=(1+g) FCR CIpv + CRFk,N (OPpv + MNTpv + Fva) (3.20)
where d = Yeo = Y
LPC=AC/kg, (B.22)
2(n - 1/CRF,_ )
DPF - K,
SO,k,n n{n + 1) k (E.12)
AC = Annualized system-resultant cost
X = Recurrent Costs
A = The year for a given investment outlay
LPC =  Levelized Produce Cost
CI = Capital Investment
opP = Operating Cost
MNT = Mainenance
FL = Fuel Cost
pv (subscript) = present value subscript
kgA = Expected annual produce output

1. The Cost of Energy from Utility-Owned Solar Electric Systems- A Required
?evenue Methodology for ERDA/EPRI Evaluations, ERDA.JPL-11012-76-3, June
976.
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Table 8. Constants for Cost Model

‘_SY@QQE“W DESCRIPTION VALUE

N System Operating Lifetime 20 years

% Cost of Capital (and Rate of Return 0.086
on Capital)

CRF;(,N Captial Recovery Factor (8.6%, 20 yrs) 0.1064

g Rate of General Inflation 0.060

9. tscalation Rate for Capital Costs 0.060

9o Escalation Rate for Operating Costs 0.070

I Tscalation Rate for Fuel Costs 15%

Yy Base Year for Constant Dollars 1981

Yeo First Year of Commercial Operation 1986

Yp Price Year for Cost Information 1981
Raw Land Cost $1.25/m2
Cost for lined evaporation ponds $25/m2
Cost for fuel oil (31 6J/m’) $157/m

FCR Fixed Charge Rate, Annualized 0.1437

n Accounting Lifetime 16 years

B1 By Insurance + "Other Tax" Fraction 0.020

a Investment Tax Credit 0.100

T Tax Rate 0.5

DPFSD,k,n Present value of Sum-of-the-Years-digits 0.6376

depreciation
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SECTION 5
INTEGRATED SYSTEMS DESIGN CRITERIA

In this report the term integrated system design criteria is used to
indicate those rules by which final selection of the system/subsystem will be
made. The integrated system design criteria are described below.

.1 TECHNOECONOMIC CRITERIA

(8]

The driving factor in the selection of the system is minimum cost
per kilogram of produce. In this context cost is either net present value
(NPV) or equivalently levelized Tlife-cycle cost, and will include all
significant capital and operating costs. The weight of produce will be
determined either from past greenhouse experience relative to field
production or from the crop production model of van Bavel's SG 79 Code.

5.2 RELIABILITY

An important factor in the overall selection process is that of
reljability. The system must be designed to continue to operate even though
unfavorable weather sequences may occur or specific component failures may
occur due to part wear or operator neglect. The cooling/heating system must
have a nigh probability of being able to protect crops from destruction by
overheating or freezing.

5.3 0&M AND TRAINING

Owing to the overall complexity of the project, it is important that
operations and maintance procedures be made as simple as possible.
Requirements for highly trained operators could have a serious impact not only
on operating costs and hence profitability of the facility, but also on the
transfer of the technology to areas where nighly trained technicians may not
be available. In this context, a training manual shall be outlined which
includes procedures for routine maintenance as well as trouble shooting of all

the major subsystems.
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5.4 SAFETY

It is imperative that the system be designed for safety to operating
personnel as well as visitors.

5.5. CENTRAL CONTROL

Because of the overall complexity of the project, it is important
that the systems/subsystems selected can be controlled from a central control
station. Such a control concept will allow for a good knowledge of overall
system status at any instant and for rapid handling and trouble shooting of
problems as they arise.

5.6 TECHNOLOGY TRANSFER

The selection of systems/subsystems that can provide the necessary
CEA functions in a broad range of operating environments is important for
overall SOLERAS program success.

5.7 RELEVANCE FOR COMMERCIAL OPERATIONS

Because ultimate commercialization of the concept is fundamental to
the program, systems/subsystems which are compatible with current or
anticipated commercial practices will be favored.

5.8 INNOVATIVE SYSTEMS USAGE

The usage of innovative systems are encouraged. However, because a
demonstration facility is to be constructed in the near term, innovative
systems will be selected only if they have been proven feasible elsewhere or
if all of the subsystems/components of the innovative systems have been proven
feasible elsewhere.
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SECTION 6
SUBSYSTEM DESIGN CRITERIA

This section describes the design criteria of the major subsystems.
It supplements and expands upon the general system design criteria described
earlier. The design critaria form the basis of the systems analysis process,
and later on the design of a pilot facility. These are based on the original
requirements of the project and the additional requirements given in the
contract and dictated by the proposed system configuration. They must he
established and documented at the outset of the project to ensure that the
design process addresses the proper regquirements. In a project such as the
present one, the requirements and design criteria evolve from an iterative
process of specification and system analysis. A continuous review of the
criteria is therefore required to see whether they can be met.

The subsystem design criteria are defined for the following
subsystems:

Controlled Environment Subsystem
Crop Production Facilities

Crop Production Program

Support Facilities

Photovoltaic Power Subsystem

Wind Energy Conversion Subsystem
Back-up Diesel Generators

Reverse Qsmosis Subsystem

Water Pre-treatment Subsystem
Carbon Dioxide Injections Subsystem
Crop Residue Combustion Subsystem
Control Subsystem

Data Acquisition Subsystem

For each of these major subsystems the criteria are described in a
uniform format as follows:
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SUBSYSTEM/EQUIPMENT IDENTIFICATION
Identify the item by name, nomenclature or function.
SUBSYSTEM/EQUIPMENT SCOPE

Identify the major items included within the subsystem or
equipment.

BASIC APPROACH AND DESIGN PHILOSOPHY

Describe the approach envisioned for the subsystem or egquipment.
se diagrams or tables if they enhance clarity or brevity.

SPECIFIC FEATURES

Identify and describe any important attributes which, at this level
of maturity, appear to be necessary or desirable.

SPECIFIED CONSTRAINTS

Cite any constraints imposed by the SOW, regulations or codes which
are of particular importance to the subsystem or equipment. (Note that the
SOW requirements are summarized elsewhere).

ENVIRONMENTAL CONSTRAINTS

Describe any environmental constraints (climatological,
geological, etc.) that are of particular importance to the subsystem
equipment. An overall description of the environment should be elsewhere.

OPERATION AND MAINTENANCE REQUIREMENTS

Describe any requirements for operation and maintenance which

should be considered in the preliminary design and analysis (e.g., periodic
replacement of major elements such as R.0. membranes, storage batteries,etc.)
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REFERENCES

Give pertinent references used 1in developing subsystem design
criteria.

The design criteria for the subsystem listed above follow next.
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6.1 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Controlled Environmant Subsystem
SUBSYSTEM/EQUIPMENT SCOPE

The controlled environment subsystem includes the envelope and the
equipment required to regulate plant temperature, ambient humidity, and
carbon dioxide level in the greenhouse chamber. It does not include
irrigation and fertilization or any other aspects of crop production.

BASIC APPROACH AND DESIGN PHILOSOPHY

The controlled environment subsystem provides an optimum physical
environment for plant production with regard to light, temperature, carbon
dioxide level, humidity and protection from adverse weather conditions. The
system is to be placed in an outside environment typical of hot desert areas.

In order to limit the energy reguirements for operating the system
within the biological and horticultural limits and, at the same time maximize
the direct contribution of the available solar energy, the roof of thne
greenhouse shall be designed to control the effects of solar radiation. This
is accomplished by the principle of selective wavelength filtration.

Since a greenhouse is basically a large scale collector in which the
air temperature can rise in excess of 500C, the key problem for such a system
is cooling. In view of this we shall make use of the fluid roof/roof filter
design. In this design, a double glazed roof system is used in which the
inner glass is tinted to filter out the infrared radiation {beyond 700 nm) and
transmit most of photosynthetically active light (between 400 and 700 nm).
Water is passed through the two glazings to remove the heat generated by the
absorbed infrared radiation. This heat is then either stored for later use

during the night time (in winter) or rejected in a cooling system. Most of
.the conventional greenhouses achieve this cooling by continuous ventilation
of the greenhouse air. In the absence of continuous ventilation, the
ventilation requirements to <eep relative humidity below 85% can be reduced by
a factor of five or more as compared to a conventional system with evaporative
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coolers thereby resulting in significantly lower fan power requirements.
This in turn reduces transpiration losses by at least a factor of *two and C02
enrichment requirements by at least a factor of four. Becausz very high
humidity levels for long periods increase the sensitivity of the plants to
disease, the air humidity will be controlled not only by selected amounts of
air exchange with dry outside air but also by a condensor using ground water
from the aquifer. This also will result in water conservation.

An alternative scheme using a copper-chloride solution between a
double 1layer of clear glass or plastic has also been described in the
literature. In this case, since both the glass layers are transparent, the
copper-chloride solution is supposed to intercept the infrared radiation and
transport thermal energy. However, this scheme has a number of drawbacks
including solution leakage and contamination.

SPECIFIC FEATURES

The roof design incorporating the fluid roof/roof filter
configuration in which the inner glass is tinted to obstruct the infrared
radiation shall be the preferred concept, since the copper-chloride solution
method has inherent corrosion, leakage, and contamination problems. The
greenhouse shall have a useful area in the range of 0.4-1.0 hectare and a
system of internal corridors for production and maintenance operations. The
exterior walls shall be constructed with a double walled plastic such as 10 mm
clear polycarbonate. The selected material will be such that in addition to
providing excellent insulation, it should be resistant to breakage,
transparent to solar radiation and resistant to UV damage for long life.

The roof of the greenhouse will have appropriate geometry (ridge or
furrow, N-shape, or a modified balloon shape) not only to withstand wind gusts
but also to require minimum maintenance to remove any sand or loose soil which
may accumulate due to wind and dust storms. The roof will have arrangements
for water manifolds to circulate water through the double glazed roof. The
size and thickness of the glass panels and the material and size of the
supporting structure will depend upon the loads, availability of materials,
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and the overall economnics of the subsystem. The water from the roof will be
stored in a reservoir to be used for nighttime heating or cooling depending
upon the season. Depending upon the actual requirements, this water may be
heated or cooled (depending upon the season) by using the hot flue gases from
the burning of the biomass residue, heat stored in the evaporation pond or by
heat exchange with the underground aquifer water, as dictated by the economics
of each alternative.

SPECIFIC CONSTRAINTS

The greenhouse shall be designed to provide complete protection
against extreme temperatures inside the greenhouse. As a general rule, the
indoor temperatures shall not remain at less than 100C for more than one hour,
or at less than 150C for greater than 12 hours. The maximum temperatures
cannot remain at more than 350C for more than one hour, and cannot remain at
more than 300C for over 12 hours. The relative humidity shall be maintained
within the range of 50 to 95% and shall not fall outside this band for more
than one hour. The infiltration rate shall be less than one air change per
hour. Appropriate work areas to wash and process the produce, to harvest
yield, to carry out preplant operations including seed treatment and
germination, etc. shall be provided.

ENVIRONMENTAL CONSTRAINTS
See Section 4.
OPERATION AND MAINTENANCE REQUIREMENTS

It will be necessary to periodically clean the roof of excessive
dust and to maintain the double glazed roof transparent and clean. In each
sub-unit of the entire greenhouse the equipment for circulating water and
moving air shall be distributed over a suitable number of individual units so
that overall capacity can be adapted to seasonal requirements, and that
breakdown of a single unit will only marginally affect the environment in the
unit as a whole. The roof circulation system shall likewise be broken down to ~
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allow for changing the liquid, cleaning of system, or replacing roof panels
without having to interrupt the operation of the entire system. The emphasis
during the design will be to maintain the modularity of this subsystem.

REFERENCES

See references 17-21.
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6.2 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Crop Production Program

SUBSYSTEM/EQUIPMENT SCOPE

The crop production program includes all preplanting, nlanting,
cultural, harvesting, and post-harvesting operations.

BASIC APPROACH AND DESIGN PHILOSOPHY

Crop production operations shall be excercisable from several
locations within the CEA complex by personnel handling specific functions
under the supervision of a crop production manager.

The organization of supervisory personnel 1is illustrated in
Figure 7.

SPECIFIC FEATURES
a. Preplanting Operations

A1l preplanting operations, including automated washing of reusable
flats, filling with media, dibbling, seedling, topping with vermiculite,
irrigating, fertilizing, and monitoring of germination and seedling growth,
shall be under the supervision of the "transplant supervisor". His essential
function shall be the production of suitable transplants for subseguent
planting in the CEA production sections (greenhouses).

The automated pre-germination process shall be conducted in the
large N-S corridor situated in the middle of the CEA complex (see Support
Facilities) while the growing area for seeded flats shall be located either
within one of the greenhouse sections, or in a small corridor perpendicular to
the large N-S corridor, on special benches designed for this purpose.

Storage space for peat moss, perlite, and vermiculite shall be
provided in the large N-S corridor. This will be located near one end of the
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corridor for ease in replacement of depleted stocks, and adjacent to media-
mixing equipment.

The seed-germination area shall have, in addition to benches, an
automated spray-mist irrigation system with fertilizer-injection capability
(see Support Facilities). This area shall include sufficient space for the
efficient operation of small utility vehicles for transporting transplants to
the crop-production greenhouse sections.

h. Planting Operations

Except for direct - seeded vegetables (i.e., radishes, etc.), crop
production shall begin with the direct insertion of transplants into the sand
growth medium within the four greenhouse sections. This process shall be
automated using a tractor-mounted transplanter.

Fertigation (irrigation plus fertilizer injection) pipes shall be
placed along the rows of transplants to provide sufficient moisture and
nutrients for optimum plant growth and development (see Crop Production
Facilities).

Fungicides shall be applied either through the fertigation system
or by portable sprayers as necessary for disease control.

Insecticides shall be applied by a mist blower or by portable
sprayers as necessary for insect control.

Growth and development of the crops shall be monitored continously,
and adjustments in the cultural program (fertilization, irrigation, pesticide
application) are made as needed to sustain optimum production. With respect
to fruiting crops (tomatoes, peppers, etc.), first signs of fruiting shall be
reported to the Crop Production Manager and estimates of first fruit set made
to provide a basis for scheduling harvesting and post-harvesting operations.
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.

Harvesting Ooerations

Harvesting of fruits and leafy vegetables shall be performed
manually by personnel trained in selection and picking techniques. The
produce shall be loaded onto carts pulled by small utility venhicles and
transported to the large N-S corridor for post-harvest treatment. At the
completion of the harvesting period, all crop residues shall be removed and
transported to a common collection site for disposal or subsequent use.

d. Post-Harvesting Operations

The operations performed following harvesting shall be of two
types: treatment of the planting bed in preparation for the next crop, and
treatment of the produce in preparation for marketing.

The planting bed shall be fumigated or chlorinated to control soil
organisms (fungi, nematodes) and to promote the oxidation of residual organic
matter. Subsequently, the planting bed shall be thoroughly leached by
applying pure water through the fertigation system to remove all soluble
organic and inorganic residues from the sand growth medium. Finally, the
planting bed shall be tilled with a tractor-drawn rake to prepare the surface
for the next crop.

The harvested produce shall be thoroughly washed with dilute
chlorine solution, waxed, and sized with an automated weight sizer. After
packing the produce in appropriate cartons, it shall be transported either to
a truck for subsequent shipment to the market, or temporarily stored in the
cold room located in the support building.

REFERENCES

See References 14, 15, and 16.
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6.3 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Crop Production Facilities
SUBSYSTEM/EQUIPMENT SCOPE

The crop production facilities subsystem encompasses the sand
growth medium in which crops are produced, the drainage network for removing
excess water dissolved substances from the growth medium, and the fertigation
apparatus for supplying water, fertilizer nutrients, and some pesticides to
the plants and growth media.

BASIC APPROACH AND DESIGN PHILOSOPHY

The growth medium for receiving transplants and direct-seeded
crops, and for sustaining these plants to maturity, is a relatively coarse
sand situated atop polyethylene sheets for isolation from the underlying
indigenous soil.

Through the drainage network, excess water and soluble residues are
removed from the growth medium, thus ensuring adequate aeration and freedom
from toxic substances for the crops.

The carefully designed and operated fertigation apparatus provides
all of the crops' moisture and nutritional requirements as well as a network
for efficiently distributing certain pesticides.

These facilities provide nearly complete control of the crop
production environment and thus enable the operator to sustain optimum
conditions for highly efficient production of economic crops.

SPECIFIC FEATURES
a. Sand Growth Medium
The growth medium shall be composed of a uniformly coarse grade of

silica sand with at least 70 percent of the sand in the 2.00- to 0.25-mm-
diameter range. A minimum of fine and very fine sand particles (less than
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7.25 mm) should be allowed as these substantially reduce infiltration and
percolation of water through the medium.

The depth of the medium shall be approximataly 30 cm. The surface
shall have a slope of approximately 0.5 percent to facilitate drainage.

The sand medium shall be situatad atop either two layers of 6-mil
plastic or one layer of cross-laminated polyethylene to separate the sand from
the underlying indigenous soil. Individual plastic sections shall be
overlapped at least A0 cm to minimize leakage.

b. Drainage Network

A drainage network shall be constructed above the plastic sheets
from 3.1-cm-diameter or larger polyvinylchloride (PVC) pive. Each pipe shall
be perforated at appropriate intervals. The pipes shall be spaced
approximately every 45 cm, and connected to a main pipe located downslope.
The flow of water from the main pipe shall be directed to a sump located
outside of the greenhouse section; this water can be used to irrigate outside
crops or trees, or directed to the RO subsystem for treatment and re-use.

c. Fertigation Apparatus

Fertigation lines shall be composed of twin-wall, drip-type pipe
with 10-cm spacing between outlets. Each line can be up to 30 m long as long
as the lines run down slope from the supply manifold; on level ground, maximum
length should not exceed 15 m.

As fertilizer is almost always added to the irrigation water,
injection shall be accomplished by either a twin-head proportioner, or from
agitated tanks containing a 20:1 dilution of water and concentrated
fertilizer solution.
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The fertigation apparatus shall he operated two to 2i31t times
daily, depending upon crop maturity and temperature. (Larger plants and
nigher temperatures require wmore-frequent operation). Flow ratz shall be
constant, and fixed by the characteristics of the outlets; it shall be
sufficient to promote a small, continuous trickle of water though the drainage
pipe (i.e., 4 to 7 percent of water applied).

The drainage water shall be checked periodically for soluble salts.
Excessive concentrations of soluble salts (i.e. 2500 ppm or more) necessitate
leaching of the sand medium with pure water, or temporary irrigation witn pure
water to allow plants to take up, and thus reduce, the salt concentration in
the sand medium.

ENVIRONMENTAL CONSTRAINTS

The fertigation lines shall be protected from vehicular traffic
either by installation below the sand surface, or by the provision of
protective covers within traffic lanes.

OPERATTIONAL AND MAINTENANCE REQUIREMENTS

A1l components of the drainage network and the fertigation
apparatus shall be selected for high reliability. Regular monitoring of
performance is necessary to ensure proper operation, and periodic flushing

may be required to remove accumulations that might eventually impede the flow
of water and dissolved substances.

REFERENCES

See references 11, 12, and 13.
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0.4 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Support Facilities
SUBSYSTEM/EQUIPMENT SCOPE

The facilities required to support the crop production include
those that provide direct support, (i.e., transport of materials, preplanting
operations, and post-harvest treatment of produce), and those that indirectly
support the program (i.e., equipment maintenance and storage, and storage of
nroduction resources and produce.)

BASIC APPROACH AND DESIGN PHILOSOPHY

A1l direct-support facilities are situated within the corridors of
the CEA complex, and thus are accessible for efficient use in routine
operations. The indirect-support facilities are situated in an adjacent
building; access to them is favorable while interference with routine
operations in the CEA complex is avoided.

SPECIFIC FEATURES
a. Direct Support Facilities

The large N-S corridor in the CEA complex shall be situated at the
center of this complex for optimum accessibility to operations within the four
greenhouse sections. It shall be of sufficient size to incompass most
preplanting and postharvesting operations (see Crop Production Program), and
to provide for efficient movement of transport vehicles and equipment.

This corridor shall contain appropriately sized access doors to the
outside of the CEA complex, and one or two access doors into each of the four
greenhouse sections. I% transplant production is centered in a small E-W
corridor between two adjacent greenhouse sections (rather than in one of the
greenhouse sections), access doors connecting the E-W and N-S corridors will
be required as well.

6-15



The floor of the large N-S corridor shall be constructed with
concrete, and shall be of sufficient strength to support all direct-support
operations and vehicular traffic (i.e. small utiltiy vehicles plus pull
carts, small tractors with mounted implements). Floor drains shall be
installed to remove water from produce washing and general maintenance
operations. The roof covering this corridor shall be of a highly reflective
material to maintain a suitable environment for personnel involved in direct
support operations.

The floor of the E-W (transplant production) corridors shall be the
same as in the four greenhouse sections (i.e. sand growth medium and fluid
roof - see Crop Production Facilities).

b. Indirect Support Facilities

The building adjacent to the CEA (greenhouse) complex shall contain
specially designed rooms for: agrichemical storage (fertilizers, pesticides),
bulk storage of transplant materials (flats, peat moss bales, vermiculite and
perlite bags), equipment maintenance shop and parts storage, temporary cold
storage of produce, and personnel offices. Additional space in this building
will be necessary to house facilities such as controls, pumps, batteries,
desalination equipment and others as may be required.

SPECIFIC CONSTRAINTS

The orientations of the CEA complex and the adjacent indirect-
support building, with respect to each other, shall be established to provide
for efficient movement of equipment, materials, and personnel between the two
structures. Also, the indirect-support building must be located on the north
side of the CEA complex, as any other location would shade (and thus reduce
the amount of available photosynthetically active light for the greenhouse
sections or transplant-production corridors.
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ENVIRONMENTAL CONSTRAINTS

As the support facilities are locations of intensive activity by
personnel involved 1in all facets of crop production, the environment
(temperature, humidity) in these facilities shall be sustained in a fashion
that is suitable for human activities.

Whenever pesticides or other toxic materials are used in the
greenhouse sections, access doors between the sections and the direct-support

(N-S) corridor shall be sufficiently sealed to prevent injury or discomfort to

personnel present in the facility.
REFERENCES

None.
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5.5 SUSBYSTEM/EQUIPMENT I[DENTIFICATION: Photovoltaic Power Subsystem
SUBSYSTEM/EQUIPMENT SCOPE

The Photovoltaic Power Subsystem, abbreviated as PV subsystem,
includes the PV array complete with supporting structures, cabling and
switchgear, and a power conditioning subsystem. Battery storage may or may
not be integral to the PV subsystem. Foundations for the support structure
and housing for the batteries are to be specified as part of the civil works.

BASIC APPROACH AND DESIGN PHILOSOPHY

A flat nlate PV subsystem is preferred over a concentrating system
because of its simplicity in operations and maintenance and because it does
not require a heat rejection system. However, if analyses show a definita
cost/performance advantage for a concentrating system, it may be specified.

The PV subsystem can be sized to carry all non-deferable daylight
loads throughout the year, and in conjunction with the wind turbine subsystem
generate and store sufficient energy to carry nighttime loads with minimal
augmentation by the diesel generators. Since the majority of the large loads
are approx imately proportional to the level of insolation, this sizing should
impose no major cost penalties.

Emphasis shall be placed on reliability. The array should be
designed to bhe insensitive to small failures. The system should be sized to
produce its required output at the end of 20 years without replacement of
modules {except for those broken by accident or extreme environmental
effects).

SPECIAL FEATURES
The output of the Power Conditioning Unit, PCU, shall be 480V, 60Hz,
3¢. The inverter shall be confiqured for operation in a stand-alone mode or

in parallel with the diesel generator and the wind turhine subsystem.
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An electrical battery storage will be provided witnin the CEA
system. It may be integral to the PV system or may be separate to facilitate
battery charging by wind turbine. The optimum configuration will be
determined during the systems analysis task.

The PV subsystem shall be configured for unattended operation.
Integral controls to effect safe shutdown under fault conditions shall be
included. PV modules to be employed shall be subjected to the JPL Block V
tests.
SPECIFIC CONSTRAINTS

See Section 4.
ENVIRONMENTAL CONSTRAINTS

See Section 3.
OPERATION AND MAINTENANCE REQUIREMENTS

The system should be able to operate as fully automatic as possible.
A11 components shall be selected for high reliability and known performance

characteristics. Periodic maintenance shall be performed with minimum system

downtime.

REFERENCES

See References 28 and 29.
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5.6 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Wind Energy Conversion Subsystem
SUBSYSTEM/EQUIPMENT SCOPE

The wind energy conversion subsystem, abbreviated as WECS, includes
the rotor, hub, controls, transmission, generator, frame, tower, and cabling
to the main distribution panels. Aopropriate foundations are to be specified
as part of the civil works and are assumed to exist.

BASIC APPROACH AND DESIGN PHILOSOPHY

The WECS shall provide power to the CEA load in conjunction with
parallel inputs from electric storage batteries and a flat plate photovoltaic
array. The relative contributions from each of these power systems is to be
determined during the systems analysis task. The WECS must be able to operate
continuously in a stand-alone mode and may consist of one or more separate
units. The operation of the WECS, including start-up, operation, and
shutdown, shall be controllable from a central control point and be completely
automatic with manual control as backup. The inclusion of WECS in the power
system increases the probability that power is available to the system at any
given time and may reduce the overall cost of the system by displacing some of
the photovoltaics and electric storage.

Wind turbines in their present state of development are poorly
adapated to stand-alone operation or to parallel operation with small
capacity generators. Integration of the wind machine into the CEA energy
system will require an innovative approach to ensure compatibility with the
other power sources. The technique required will depend upon the
characteristics of availahle machines in the size range that is determined to
be optimum.

SPECIFIC FEATURES

The WECS must be able to survive design windspeed at 10 m of 35
m/sec (80 mph). Appropriate safety features shall be incorporated to protect
the subsystem from overspeed, overtemperature, and excessive vibration. The
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wind machine must nhave the capability to be self-starting or requirs a minimal
amount of power to facilitate start-up. The machine must be self-regulating
for wind gqusts and changes in wind direction. The wind machine shall be
capable of operating in a stand alone mode or in parallel with the PV system
or the diesel generators. If feathering of the wind turbine blades is not
possible, a load bank is to be incorporated to dissipate power in excess of
Toad and battery charging demand.

SPECIFIC CONSTRAINTS

See Section 4.

ENVIRONMENTAL CONSTRAINTS

The WECS must be designed to operate in a temperature range of the
climatalogical environment described in Section 3. The WECS is to be located
in such a manner that in the unlikely event of tower or blade failure damage

to other CEA subsystems is minimized. Television signal interference is to be
minimized, if applicable, by appropriate placement of the machines.

OPERATION AND MAINTENANCE REQUIREMENTS

A1l components shall be selected for high reliability. Periodic
maintenance shall be performed with minimum system downtime. System
operation shall be completely automatic.

REFERENCES

None.

6-21



6.7 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Back-up Diesel Generators.
SUBSYSTEM/EQUIPMENT SCOPE

The back-up diesel generator subsystem, abbreviated as DGS,
includes the diesel generator sets, their integral controls, starting
batteries and fuel supply.

BASIC APPROACH AND DESIGN PHILOSOPHY

The back-up diesel generators are intended for use only when the
power available from solar energy system is inadequate to carry essential
operational and housekeeping loads. Since the consequences of a prolonged
power outage are severe, and the probability that inadequate solar power is
not available at some point in time is high, two diesel generator sets are
required to provide the requisite degree of reliability. The smallest set
shall have a capacity equal to or greater than the peak essential operational
and housekeeping loads.

SPECIFIC FEATURES

The back-up diesel generators shall be equipped for starting and
shutdown from a remote location and from a local control panel. They shall be
equipped with automatic paralleling switchgear which connects their ,output to
the main bus whenever they have been started and have reached operating speed.
The diesel generator sets shall be equipped with alarm and automatic shutdown
features for overtemperature, low lubricating oil pressure and other critical
narameters. The alarms shall be displayed locally and transmitted to the
central control station.

The diesel generator sets shall be configured for a 480V, 60Hz,
3doutput.
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SPECIFIC CONSTRAINTS

The fuel storage capacity shall be adequate for seven days operation
of one generator at full load.

ENVIRONMENTAL CONSTRAINTS
The capacity shall be derated, if required, to the enviranmental
conditions specified in Section 3. In particular, the altitude and air

temperature constraint shall be considered. fold-starting aids shall be
included if required.

OPERATION AND MAINTENANCE REQUIREMENTS

Routine preventive maintenance such as changing lube 0il, filters,
replenishing coolant, testing of starting batteries, etc. shall be within the
capability of operators with no specialized mechanical training.

REFERENCES

None.
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6.8 SUBSYSTEM/EQUIPMENT INENTIFICATION: Water Pretreatment Subsystem

SUBSYSTEM/EQUIPMENT SCOPE

The water pretreatment subsystem, abbreviated as WPS, shall provide
soft, iron and manganese free, water with an SDI of less than 5 and with a
turbidity of Tless than 0.5 NT!. The subsystem includes mixed media filters,
carbon filters, a sodium Zeolite water softener, a phosphate and acid feed
system, cartridge filters, the heat exchanger to raise the RO feedwater to no
more than 459C, and associated pumps, piping, valves, and controls.

BASIC APPROACH AND DESIGN PHILOSOPHY

The quality of the feedwater for an RO system is critical and
requires very careful consideration of the pretreatment processes in order
for the RO system to be able to operate efficiently, effectively, and with a
minimum of maintenance and replacement of membrane elements. One of the most
critical items that must be considered is the amount of particulate mattar
that 1is present. Turbidities and SDI's must be low to prevent fouling,
clogging and excessive cleaning. fur goal here will be to produce an RO
feedwater with as low a turbidity and SDI as is practical, in order to reduce
cleaning requirements.

The concentration of salts within the membrane elements must bhe
controlled to prevent crystallization or precipitation on the membrane
surfaces. Some of the more critical salts are calcium sulfate, iron,
manganese and barium. These can be controlled either by their removal, the
adjustment of the pH of the feedwater, the addition of a phosphate or a
combination of all three. The concentration of salts also determines the
conversion rate (ratio of product water to feedwater) attainable. If Tow
conversion rates are required or used, the power needs increase. The goal
here will be to pretreat the RO feedwater to attain the highest practical
conversion rate so as to conserve power. Water softeners will be used to
increase the conversion rate of the RO as high as possible, therefore
minimizing power requirements.

6-24



The reject brine from the RO will be used for backwash and partial
regeneration of the sodium Zeolite water softeners, which will reduce the
amount of salt required for regeneration.

SPECIFIC FEATURES

Since the raw water supply is to be a deep well it is not
anticipated that chlorine will be required to sterilize the feedwater supply.
This will permit the use of polyamide type membranes which can be operated
over a wider pH range, but require zero chlorine in the feedwater. They can
also be operated at higher temperatures, which results in a higher flux rate,
decreasing power consumption.

The WbS shall be sized to be compatible with the capacity of the RO
subsystem, and both shall provide sufficient water to supply product water for
the greenhouse for regeneration and backwash of the equipment and the reject
wastewater for the RO unit, and for other sanitary or cleaning operations.

The mixed media filter shall be used to remove particulate matter
and oxidized iron and manganese from the raw well water supply. The filters
shall be designed to produce an effluent water wita a turbidity of less than
0.5 NTU and an SDI of less than 5.0.

A granular activated carbon filter shall be used to remove organic
matter and traces of hydrogen sulfide.

Sodium Zeolite water softeners shall be used to reduce the calcium
and manganese hardness to low levels to prevent deposition of calcium
carbonate and/or calcium sulfate scale on the membrane surfaces. It shall
also be used to remove the dissolved iron and manganese.

The heat exchanger shall be capable of raising the temperature of
the feedwater to the RO system to 45°C in order to increase the flux rate
through the membrane.
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SPECIFIC CONSTRAINTS

See Section 4,

ENVIRONMENTAL CONSTRAINTS

Disposal of sludges and other waste materials from the WPS shall be
according to local codes and requirements.

OPERATION AND MAINTENANCE REQUIREMENTS

The system should be designed to operate as fully automatically as
possible. A1l components shall be selected for high reliability. Periodic
maintenance shall be performed with minimum system downtime.

REFERENCES

None.

6-26




6.9 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Reverse Osmosis Subsystem

SUBSYSTEM/EQUIPMENT SCOPE

The reverse osmosis subsystem, abbreviated as RO system, includes
the membranes, pressure housings, cleaning system, decarbonator,
demineralizer, numps, valves, niping, and controls. Foundations and/or
housing are to he specified as part of the civil works and are assumed to
exist.

BASIC APPROACH AND DESIGN PHILOSOPHY

The reverse osmosis, R0, nrocess was selected because it has the
lowest power requirement per unit of product water produced. Treated
feedwater is pumped to the membranes at high pressure. The system must be
designed to produce water containing less than 500 mg/1 of dissolved solids
with a sulfate and chloride content of not more than 250 mg/1 each. The
system must be able to operate automatically.

The function of the demineralizer is to provide high quality water
for the recirculation loop through the glass panels to prevent buildup of
minerals on the glass surfaces, the heat exchanger, the piping system, and to
prevent the "weepage" or leakage of water from the glass seals where
evaporation could cause buildup of crystalized salts. In an emergency this
low TDS water could be blended with raw or pretreated water to supply the
greenhouse agricultural water. The feedwater temperature shall be as high as
possible, compatible with the selected menbrane characteristics and the cost
of thermal energy, in order to increase the throughput of the membranes
withouth increasing pumping power.

SPECIFIC FEATURES

The system shall be designed to operate not less than twenty-two
hours a day with a maximum of two hours per day provided for the backwash and
regeneration of the pretreatment equipment. To enhance reliability the
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system shall be designed with redundant pumps. The system shall be skid
mounted and include all necessary pipes, valves, gauges, flow rate indicators
and controls. The membrane elements shall be of the low pressure type capable
of 90% or more of the dissolved salts in the softened feedwater when operated
at design conditions. The system shall operate at a temperature of 45°C.

The demineralizer shall be designed to operate on an intermittant
basis, as treated RO product water and power are available. The treated water
shall contain a total electrolytic content of less than 1.0 mg/1, as CaCO3,
and a pH in the range of 6.7 to 7.1
SPECIFIC CONSTRAINTS

See Section 4.

ENVIRONMENTAL CONSTRAINTS

The reject brine shall be disposed of in a manner acceptable to
local codes and requirements.

OPERATION AND MAINTENANCE REQUIREMENTS

The system should be designed to operate as fully automatic as
possible. A1l components shall be selected for high reliability. Periodic
maintenance shall be performed with minimum system downtime.

REFERENCES

None.
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6.10 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Carbon Dioxide Injection System
SUBSYSTEM/EQUIPMENT SCOPE

The carbon dioxide injection system includes all equipment for
providing the carbon dioxide, appropriate storage facilities if necessary,
and means for injecting the CO2 into the greenhouse air.

BASIC APPROACH AND DESIGN PHILOSOPHY

Closed system greenhouses require the addition of supplemental 002
to maintain levels for optimum plant growth. Research has shown that most
plants cease to grow at CO2 concentrations below 125 ppm. Increasad growth
response has been observed on many crops grown in CO2 enriched as high as
2,500 ppm. Recommended levels of CO2 enrichment range from 600 to 1000 ppm
during the daylight hours. Carbon dioxide at these levels is removed from the
greenhouse not only by the plants, but is also via ventilation and
infiltration of outside air which contains only 325 ppm. These losses must be
made up by the carbon dioxide injection system. The system will have
sufficient capacity to provide CO2 to compensate for the .naximum expected
growth/rate of the crops and the estimated maximum number of air changes to be
expected.

A number of different ways of providing the CO2 will be evaluated.
The system which is finally adopted will be chosen on the basis of cost, power
consumption, and general applicability.

SPECIFIC FEATURES

The carbon dioxide injection system shall be designed to maintain
the CO2 level in the greenhouse air at 600-1000 ppm during the daylight hours.

The system will be controlled preferably by means of four CO2
sensors, each one being located in one quadrant of the greenhouse. The four
guadrants of the greenhouse will be separated from one another.
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The system will be operated only during the daytime when the plants
will be growing.

SPECIFIC CONSTRAINTS

The carbon dioxide injected into the greenhouse air must not
contain pollutants which are harmful to the crops or the workers. Special
attention will be paid to the possibility of the CO2 containing harmful
amounts of carbon monoxide or hydrocarbons such as ethylene.

ENVIRONMENTAL CONSTRAINTS

There are no environmental constraints associated with the carbon
dioxide injection system.

OPERATION AND MAINTENANCE REQUIREMENTS

The specific operation and maintenance requirements will depend on
the specific system selected.

REFERENCES

See References 24, 25, and 26.
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6.11 SUBSYSTEM/EQUIPMENT IDENTIFICATION: Crop Residue Combustion System

SUBSYSTEM/EQUIPMENT SCOPE

The crop residue combustion system includes the egquipment needed to
dry the residue, chop the residue to the required size, store the residue
until needed, and burn the residue so as to recover the thermal energy and/or
carbon dioxide in a useful form.

BASIC APPROACH AND DESIGN PHILOSOPHY

The basic philosophy involved in the design of the crop residue
combustion system is that the residue production is periodic in nature, as is
the need for the generated thermal energy. Thus, storage of the residue will
be necessary, and the residue must be procassed into a form suitable for
storage. The system will also include the capability for storing the thermal
energy for subsequent use.

The basic concept is illustratd in Figure 8.
SPECIFIC FEATURES

The number of days of storage to be provided will be determined
during the systems analysis task. This will depend on the expected schedule

of residue production from the selected cropping scheme.

The required particle size and residual moisture content of the
dried material will depend upon the specific combustion equipment selected.

SPECIFIC CONSTRAINTS

There are no specific constraints except those dictated by

economics.
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ENVIRONMENTAL CONSTRAINTS

The emissions from this combustion system must meet the applicable
reqgulations pertaining to allowable emissions. The ash will be disposed of in
an environmentally acceptable manner.

OPERATION AND MAINTENANCE REQUIREMENTS

There should be no major maintenance requirements with this system.
The knives/hammers in the grinding equipment will have to be replaced
periodically.

The major operational requirements are for materials handling. The
residues shall be removed from the greenhouse and put into a conveyor for
drying and movement into the storage bin. Feeding of the residue into the
combustion system shall be done by means of a conveyor. The ash shall be

removed from the combustion system and be disposed of.

Operation of the combustion system including the feed and the
combustion air shall be controlled automatically.

REFERENCES

See Reference 27.
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6.12 SUBSYSTEM/EQUIPMENT IDENTIFICATION: CEA central control subsystem

SUBSYSTEM/EQUIPMENT SCOPE

The control subsystem includes all sensors, actuators and control
modules required for operation of the solar energy subsystem and the
electrical and mechanical subsystem required for the operation of the
greenhouse and support faciliites.

BASIC APPROACH & DESIGN PHILOSOPHY

A1l control functions shall be exercisable from a single physical
location with fully automatic or manual operation selectable by the operator.

Where practicable, discrete control modules for individual
subsystems or equipments shall be used, with inhibit/enable control exercised
from the central control station. Alarms and status indications from such
distributed control modules shall be transmitted to the central control
station for display.

Local indicators and manual controls will be provided for each
controlled subsystem or equipment where required for alignment, test,
trouble-shooting or operation during a central control system outage.

The basic concept is illustrated in Figure 9.

SPECIFIC FEATURES
a. Display and Control Panel
A display and manual control panel shall be provided at the central

control station. It shall be designed to unambiguously indicate the status of
all systems at a glance. Automatic-manual selector switches shall permit the
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operator to choose between fully automatic and manual operation for
common systems and for individual compartments. Manual controls on the panel

shall be active only when the manual mode for the affected function has been
selected.

b. Features to facilitate manual control

Status and alarm indications which are required for manual control,
shall be converted and displayed on the display/control panel without
intervention by the processor.

Sensor data required for manual control shall be converted and
displayed on the display/control panel without intervention by the processor.
Ahere displayed data is normally processed information generated by the
processor, which would not be available in the event of processor failure,
provision shall be made for direct display of sufficient raw data to permit
manual operation when the manual mode is selected.

Operator selectable set-points shall be provided on the panel for
all variable parameters.

SPECIFIC CONSTRAINTS

See Section 4.
ENVIRONMENTAL CONSTRAINTS

A1l control modules, sensors, actuators, and their associated
cabling and signal conditioners, located within the greenhouse shall be
designed for functioning in a temperature range of 00C to 500C and a relative

humidity of 100%. The environmental conditions for the central control
station are to be determined.
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OPERATION AND MAINTENANCE REQUIREMENTS

A11 components shall be selected for high reliability. In general,
high quality, industrial grade components will be adequate. The provision for
manual override from the central station and at local points shall be
considered in assessing reliability.

A FMEA analysis will be made to identify faults which have
catastrophic effects and to quantify the probability of such faults. Where

the consequences and probability are unacceptable, the design shall be
modified accordingly.

The Central Control Station, distributed control modules, and the
sensors and actuator for vital functions shall be supplied with electrical
power through an UPS having at least a one-hour full load battery capacity.

REFERENCES

None.
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6.13 SUBSYSTEM/EQUIPMENT IDENTIFICATION: DataAcquisitionSubsystem (DASS)
SUBSYSTEM/EQUIPMENT SCOPE

The DASS includes the instrumentation, signal conditioning,
recording and data processing equipment needed to verify the performance of
the CEA and to provide an audit trace to permit 2valuation of the
effectiveness of the subsystems, techniques and procedures. It will share
many of the sensors included in the control subsystam and may share portions
of the control subsystem processor and peripherals.

BASIC APPROACH AND DESIGN PHILOSOPHY

The DASS shall record pertinent data at frequent intervals and
produce periodic summaries which indicate the performance of the CEA and its
several subsystems. The summaries shall be tailored to permit performance
evaluation and produce management information.

Since it is unlikely that all correlations and data processing
requirements will be anticipated in advance, the DASS shall include mass
storage of raw data to permit post operations analysis.

Special recording instruments, such as multichannel chart recorders
shall be provided for use as required by the facility manager to monitor
parameters of special interest. The input to these special recorders will be
wired to the central station wire termination closet where they can be
connected to the desired signals by temporary wiring.

SPECIFIC FEATURES
There are extensive regquirements for non-instrument data which
shouTld be machine readable to facilitate processing. These include planting

(date, quantity, location, seed source, seed treatment, etc.), harvesting
(date, quantity, quality, etc.), soil, chemical and water analyses,
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consumables used, etc. Special formats or an interactive query-response
routine are needed to ensure correct and complete entry.

SPECIFIED CONSTRAINTS

See requirements summary, Section 4.

ENVIRONMENTAL CONSTRAINTS

None which 1limit design.

REFERENCES

None.
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SECTION 8
ENVIRONMENTAL ASSESSMENT OF FIELD TEST

8.1 INTRODUCTION

This section of the report addresses the environmental issues
implied in the construction and operation of the solar controlled environment
agricultural systems (SCEAS) on the site chosen in £1 Paso, Texas. The issues
of particular interest are the potential impact of the SCEAS on various
physical media (air, water and land) and compliance with existing and proposed
State and Federal regulations. These issues are discussed in a conceptual
sense. Compliance with State and Federal regulations are summarized briefly.
A preliminary permit 1list is provided as a guideline for some areas of
possible concern. Beyond the application of rules and regqulations for the
SCEAS are the subjective aspects of environmental and socio-economic impact.
Since it is beyond the scope of this document to analyze specific impacts some
of these issues are pointed out and discussed briefly.

Table 9 shows a summary of the effluents from the SCEAS facility in
E1 Paso, Texas. These estimates are based on the conceptual design of a one-
hectare field test greenhouse system and may somewhat vary from the final
design which will follow later in this contract. However, it is believed that
the estimates considered in this section are kind of upper bound values for
the engineering field test. The major purpose of the study presented in this
section is to identify specific areas which will need attention not only in
the erection and operation but also in the final design of the proposed
facility in E1 Paso, Texas.

8.2 SITE ASPECTS

The site chosen for the SCEAS is the experimental farm owned and
operated by the Texas A&M Experiment Station in E1 Paso. The farm is located
in the Rio Grande Valley about 24 kilometers (15 miles) from E1 Paso
International Airport and 4.8 kilometers (3 miles) from Route 10, the main
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Table 9. Effluents from a One-Hectare SCEAS

SOURCE Magnitude Comments™
Liquids
1. Brine from desalination 7m3/day at 450C 1, 3
plant TDS = 1.4% plus
pretreatment
chemicals
2. Warm groundwater (after 4,300 m3/day at 1, 2
greenhouse cooling) about 230C
3. Fertigation medium 1 m3/day, T0S up- 1, 3
overflow to 800 ppm of Spray on surrounding
nutrients land
4. Soil leaching 40 m3/day every 4 1, 2, 3
to 6 weeks Reuse for sanitary
TDS up to 1000 ppm purposes, produce
of residual salts washing
5. Soil sterlization, Neglegible 1
seed and produce
washing
6. Sanitary and wash 1 m3/day, will Septic tank or sewer
water needs contain soap etc. line
Solids
1. Garbage/trash disposal Cardboard boxes, Incinerate, use in
glass and plastic boiler, haul to a
containers etc. dump site
2. Ash from burning of 25 kg/day Spread on surrounding
crop residue land as fertilizer,
land filling, haul to
a dump site
Gases
1. Combustion of crop Particulates: Burn in a controlled
open burning 1 kg/day boiler these rates
SOx: none will go down.
NOx: 4.0 kg/day Use scrubber
CO : 0.6 kg/day
Hydrocarbons:
0.6 kg/day

*1. Discharge into irrigation drainage canal
2. Inject into the Aquifer
3. Evaporation pond
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East-West interstate highway. The area for several miles around the site is
devoted primarily to agricultur2; so from that point of view the SCEAS is
environmentally compatible. While there are some greenhouses in the general
area, most agriculture, however, is on open land and totally irrigated.

There is in place a substantial agricultural infrastructure and a
large population of farm workers to draw on for site personnel. Since the El
Paso region is growing rapidly both industrially and in population there is a
large construction industry which will be able to handle with ease the
requirements for the SCEAS.

8.3 WATER USE

The primary source of raw water for the SCEAS facility will be the
Rio Grande alluvium aquifer (1). The quality of this water is presented in
Table 10. The use of this water for the proposed facility is not considered a
problem because the state has built drainage canals which are fed by this
aquifer specifically for irrigation purposes in the area. The temperature and
the TDS (total dissolved solids content) content of this water source are
about 18°C and 3500 ppm respectively.

The SCEAS will use water from the underlying Rio Srande alluvium
aquifer for two purposes: 1) to provide cooling and humidity control for the
greenhouse, and 2) to provide brackish water feed for the reverse osmosis
water purification system. The cooling water will be returned to the aquifer,
essentially unchanged in chemical composition with the temperature raised by
approximately 5° centigrade (from 18°C to 23°¢).

The effluent brine from the reverse osmosis system will contain
approximately 1.4% total dissolved solids and be at a discharge temperature of

approximately 45°¢.

As is evident from Table 9, the flow rate for the cooling water far
exceeds that of the brine disposal. The maximum cooling water requirements
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TABLE 10

ANALYSIS OF FEED WATER TO THE SCEAS TEST FACILITY

McCormack CORPORATION

ESTIMATED OPERATING RESULTS

Name

Universaity Farm Well

Address

East of El Paso,

Texas

; _Raw water sample collected after two hours pumping at 2,500 gpm, as

1. Haze in sample cleared when acidified
2. Sample thru 0.450 filter.

2 1 - converted to CaCO, s substance
3 7
4 8
Anslyns of 1es10c waters 878 typics! of retuns Any with 10 spec hic CONSHTueNts 8re Covered SeDrRelY
“g/L ir°M: As CaCo?
Substance Symbol 1 ]
Caicium Caee 108 270
2 | Magnesium Mgee 83.3 343
£ { Sodwm Na+ 781 1702
3 | Potasium K 66.7 8s
Hydrogen Acidity He - -
Yotsl Cationy - 2400
Bicarbonate | > HCO'— 416 416
Carbonate £ co— 0 0
Hydromde | & OM— 0 0
; Phosphete | < PO~ 1.5 2.4
< [Criorae o 719 1014
Sulfete SOt — 920 957
Nitrate NO*— 1.5 1.2
Totst Anrons - 2391
Total Hardness Caco, 615 613
Alkalinity A {Methy! Orange} 416 416
CaC03
B (F slein) 0 0
mg/L (PPM) As Substance Ot In Unns indicsted
Free Carbon Dioxde co? CALC. 26
Siica—Tousl 10 16.4 16.4
2 Silica—Dwnsolved Si0? 15.6 15.6
1 iron—Totsl Fe 0.59 0.59
Iron—Drssotved Fe 0.40 0.40
Manganese—Tousl ™Mn 0.66 0.66
Manganese—Dissolved Mn 0.56 0.56
Fluonde F 1.15 1.15
Oxygen Demand KMnO* - 5.6
24 24
Suspended Sohds
1 Turbidey (NTU) 1.7 1.7
Silt Density Index - -
Color—Apparem - -
Color—True (APHA) 50 50
Total Orgamc Carbon € 2.2 2.2
Conductivity mmho/cm 5166 5166
Totsl ions -
TDS—{By Evaporauon) - 3488 3488
pH Freld - =
Laboratory 7.5 7.5
Calculated - -
Barium <0.01
Strontium 9.0




are estimatad at 4300 m>

year. In winter months, however, the cooling water flow rate may be a factor

/day (1.2 x 106gal/day) for the summer montns of the
of 2 or 3 lower than this value. Two methods of disposal present themselves:

1. reinjection into the aquifaer, and
2. discharge into an irrigation drainage canal.

In a sense the two methods are equivalent since the drainage canals
are necessary to prevent the water table from rising due to the high level of
irrigation and there is almost continuous discharge from the aquifer to the
canals.

The second of these methods is preferred for disposal of cooling
water. A permit to discharge will be obtained from the Texas Water Resource

Board in Austin, Texas.

The brine reject from the desalination plant is estimated at 7
m3/day, at 1.4% TDS and 45°C. If this effluent were mixed with the cooling
water discharge the resulting total discharge would be at 3516 ppm TDS
compared to 3500 from the aquifer and the temperature would be 23.1%.
Neither of these small changes is expected to cause any environmental problems
for the system. If environmentally necessary and economically attractive,
the rain water may be collected and mixed (after appropriate treatment) with
the reject brine and the cooling water before discharging to the aquifer.
Based on a precipitation rate of 20 cm/year, the rain water corresponds to an
average flow rate of about 55 m3/day. This water, together with reject brine
from the desalination plant, would result in a TDS level significantly below
3500 ppm.

An alternate method of brine disposal would involve construction of
an evaporation pond. However, this would probably, in the particular case
under consideration, be environmentally more objectionable than discharge to
the drainage canal nearby primarily because of the risk of brine leakage into
the surrounding agriculture land.
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Other minor water effluent streams requiring disposal will resuit

from soil 1eaching* requiring approximately 170 m3

of water once or twice a
year, soil sterlization, possible crop washing, and fertigation medium
overflow. The fertigation overflow will average aporoximately 1 m3/day and
will contain up to about 800 ppm of crop nutrients such as nitrogen,
phosphorous, and potassium and some trace elements in concentrations less
than 1 ppm. The soil-leaching for different sections of the greenhouse will
be done at different times. Thus, the effluent from the soil leaching
operation could be as much as 40 m3/day, on an average once every four to six
weeks. The TDS of this stream will be about 1000 ppm comprising mainly of

residual salt (sodium chloride) in the soil.

It is expected that these water discharges can be handled in the
same manner as the brine from the water purification system and diluted with
cooling water before disposal. These streams will also lower the TDS content
of the reject stream. However, these streams may have to be chemically
treated before discharging into the drainage canal. On the other hand, some of
these streams may be used for growing of trees and/or biomass in the
surrounding land since it contains nutrients.

Lastly, the effluent stream of sanitary water which will
approximate to about 1.0 m3/day may be collected in a separate septic tank or
discharged in the existing septic tank which is within 100 m of the proposed
site.

8.4 AIR EMISSIONS

The primary evnrionmental issue with air emissions is the crop
residue combustion subsystem. This subsystem provides (i) thermal energy for
preheating the feed water to the desalination system and (ii) carbon dioxide
for the greenhouse. The two products of combustion to receive the greatest
attention will be particulates and SO02. Since the sulfur content of the crop
residue is inherently low, the need for an SO2 scrubber would be eliminated.

* Based on a maximum of half gallon per ftZ2 of leaf covered area.
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Based on an SPA report on burning of agricultural rasidues (2),
estimates of air emissions from the residue combustion subsystem are
presented in Column 2 of Table 11. Based on an average crop residue rate of
132 kg(dry) per day (for a crop of tomatoes) for a one-hectare greenhouse, the
daily emission rate for different compounds is shown in Column 3 of Table 11.
The ash content of the residue varies with the crop but is probably between
10% (e.g., for ordinary grass) and 20% (for corn storer) on a dry basis.

The particulates from the combustion of the crop residue will be the
emisssion of most concern to the state. The conceptual design anticipates
using a mechanical collector to capture the large particulate particles. If
required, additional equipment like an electrostatic nrecipitator to catch
the finer material may be added to the final design. These systems have been
found to work well for a number of operating wood-burning boilers and should
allow compliance with the region's air quality standards.

Based upon our conversations with a boiler manufacturer (3) who has
experience with burning agriculture residue, it is estimated that a crop
residue combustion subsystem burning about 900 kg/day (1 ton/day) will
produce about 3800 kg of steam per day (8400 1b/day). The total ash content
of the crop residue will be about 110 kg/day (240 1b/day); based on 12% of the
total dry mass. Generally about 30 to 50% of this incombustible material will
end up in the flue gas. This corresponds to about 33 to 55 kg/day, or about
2.75 to 4.6 kg/hour for a system operating 12 hours per day.

According to the latest FPA requirements for the state of Texas (4),
the combustion system would be allowed to release up to 0.8 kg of particulate
per hour in the flue gas. In other words, the particulate collection system
would have to be designed to capture at Tleast 72 to 83% of the total
particulates released from the boiler combustion chamber. According to
boiler experts (3) this can be accomplished without much difficulty. However,
the exact design and cost of the particulate collection system will depend
upon the particulate size distribution, which in turn depends upon the size
and the type of crop residue.
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Table 11. Air Emissions from Combustion of Crop Residues

Data on Emissions

Effluent | kg/day for a one-hectare
kg/1000 kg of material burned* SCEAS**
Particulates 2.5-9 0.33-1.2
SOx - -
NOx 0.5-1 0.07-0.13
co 10-35 1.3-4.6
HC 1-5 0.14-0.66
Ash+ 13-26

*  Based on open burning of agricultural residues, Reference 2.
**  Based on an average production of 132 kg (day) per day for tomatoes.
+ Assuming that the incombustible material constitutes 10 to 20% of dry
crop residue.




It has also been pointed out (3) that the burning of crop residue in
a well designed and controlled boiler will result in lower carbon monoxide
(CO) and hydrocarbon production as compared to open burning. This is
principally because the feed in the boiler can be fully exposed to the air
resulting in more complete combustion. Again, there are a large number of
operating boiler systems burning agricultural residue in which the emission
levels of CO and hydrocarbons are well below the environmental requirements.
Overall, the gaseous effluents from the SCEAS could be easily controlled below
the environmental requirements without any problem.

8.5 SOLID DISPOSAL

Solid waste produced by the facility will be garbage/trash which
must be disposed of properly. This will be no more than that associated with
normal farming operations and will be handled according to local practices and
methods on neighboring farms.

Approximately 25 kg of ash from burning of crop residues will be
generated each burning day. Possible disposal of this residue as local land
fi11 or as soil conditioner and low level fertilizer in land surrounding the
SCEAS. As a last resort, if necessary, ash from the crop combustion and other
solid waste will be periodically trucked to the University, or another
appropriate dump site as commonly practiced by the other farms in the area.

The above analysis takes into account the environmental pollution
impact of the SCEAS. As a general observation the resource uses and the
discharges from the SCEAS will exert negligibly small impact on the local
area.

8.6 WIND ENERGY SUBSYSTEM

The only structure which departs significantly from what would be
considered normal and routine in the general area of the selected site will be
the Wind Energy System. It is possible that a permit will be required from
the Federal Aeronautical Administration. Compliance on the height of the wind
system tower so as not to constitute a navigational hazard will be required
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and appropriate 1lighting and marking of the tower will be required.
Additional information on the environmental requirements for the wind energy
system will also be available from the manufacturer, once the design has been
finalized.

Noise from the wind energy system is not considered to be an
environmental hazard. However, performance data on wind machines similar to
the one selected in the final design will provide the evidence of any noise
problem.

8.7 SUBJECTIVE ISSUES

There are no known subjective issues such as historical
significance of the site, archeological sites, or wild life refuges which will
be raised by the construction of the SCEAS.

8.8 PERMITS

Four basic permits will be required for the construction of the
SCEAS.

1. Permission for use of the local drainage canals for
disposal of cooling water, brine from the water
purification, and other miscellaneous aqueous effluents
can be obtained from the Texas Water Resources Board in
Austin, Texas. A permrit application has been requested
and will be reviewed for possible problems.

2. A permit from the Texas Air Control Board to burn crop
residues may be required. In particular, approval of the
crop incinerator may be required when the decision has
been made on a specific design. On the other hand, the
final design will take into account the environmental
requirements of the State of Texas.

3. A construction permit will be required. At this time the
source of that permit is not known. The site is owned by
the State of Texas and as such is not directly subject to
local zoning or building codes. The state agency
involved will undoubtedly respect the local ordinances
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8.9

LIST

but it seems now that agreement from Texas A&M to locate
the SCEAS on its property will constitute the only
construction permit required.

A permit from the Federal Aeronautical Administration to
construct the tower for the Wind Energy System will be
required.

AND SUMMARY OF DISCUSSIONS WITH STATE AUTHORITIES

For Construction Permit -

Mr. Gomez (915) 546-2119
County Engineer
County of E1 Paso, Texas

Based upon our conversation with Mr. Gomez it appears that since the

proposed site is outside the city limits, a construction permit may not be

required.

Permit for Liquid Effluents -

Texas Water Resources Board
Permit Department of Austin
P.0. Box 13087, Capital Station
Austin, Texas

(512) 475-7896

We have received appropraite forms to file for the permit. It

appears once the final design has been completed an application for the permit
will have to be filed.

Permit for Air Emissions -

Mr. Manual Gary

Texas Air Control Board
E1 Paso, Texas

(915) 591-8128

Based on our conversation with Mr. Gary it appears that a permit for

crop burning may not be required.
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