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[bookmark: _Toc90234424]Executive Summary
Aquarium considerations are made to establish what aquatic life needs, in terms of chemical composition of the water and its salinity, as well as temperature. These factors are important to understand the tolerances of which the living species can survive in and thrive. The aquatic life may also reside at lower depths in the sea, so pressure and light tolerances are looked at. 
Briefly, the structural material of the aquarium tank is glanced at and what needs to be considered when determining the thickness of the material is reviewed. 
The control system is announced, and diagrams are used to illustrate the basic format of how the system works including the process of manipulated and control variables. 
Considerations are made on what pneumatic valves should be used, as well as control valves to control and manipulate the flow of water. Industrial standards will explain the necessary steps to take to be deemed safe. Then, considerations will be made to give purpose to a hydraulic power supply system as well as highlight its dangers.
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[bookmark: _Toc90234427]Introduction
For any living species, the environment needs to be controlled. Since the planet formed, these environmental changes have pathed the way for numerous species to thrive in, however for millenniums these conditions were constantly changing. From furious ice ages from low temperatures to intense climate weathers systems resulting from increasing temperatures, our planet has been far from peaceful.
Only within the last few millenniums has the climate stabilised. Allowing species to find their place and flourish. 
Since the industrial revolution, the climate has been warming at a parabolic rate. The leading cause being a build-up of carbon dioxide in the atmosphere. 
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[bookmark: _Ref89438363][bookmark: _Toc89523716][bookmark: _Toc90204578]Figure 1 - Atmospheric Carbon Dioxide
Figure 1 above, is a huge indication that control intervention in needed on a global scale. Not just to protect ourselves but also the ecosystem around us.
As a result, ecosystems all around the world are changing. Sea levels are rising, corals are dying, oceans are warming, currents are changing paths, weather systems are becoming more destructive and ice sheets are melting. For millennium the Earth was in control, but now it’s more evident that humans are in control. This highlights the importance of control systems and their responsibility to reduce the risk to others including life.



[bookmark: _Toc90234428]Aquarium Considerations
Species of aquatic life, flourish in all corners of the Earth so considerations to what the endangered species need in terms of ‘living conditions’ when relocated is vital to their survival due to the complexity of their ecosystem they reside. 
[bookmark: _Toc90234429]Temperature
Different regions around the Earth will have vastly different temperatures. This is mainly due to “latitude, with the warmest waters generally near the equator and the coldest waters in the Artic and Antarctica regions”. The sea surface around the equator experience warmer temperatures due to “incoming solar radiation” where it is “double” of that found near the Artic and Antarctica. 	Comment by Scott Morgan: Climate Change Indicators: Sea Surface Temperature | US EPA 
As these processes go on, changes in how the warm and cold water is transported changes. Warm water is moved from the equator to the sub-tropical latitude where is cools down. Conversely, colder water is moved down and heated up. This process of transport is called currents, and they form the aquatic ecosystems that we see around the world.
It is essential that information on where the endangered species reside on Earth as the conditions of the aquarium will require adjustments to temperature. This is vital to its survival and its ability to flourish. From this information, we can then determine the temperature needed for the aquarium.
[bookmark: _Toc90234430]Chemical Composition
 (
Figure 
2
 - Water molecule is formed by two hydrogen atoms covalently bonded to an oxygen atom
)The geographical location of an aquatic species will also determine the chemical composition of the seawater surrounding its inhabitants. There are different types of water, pure water which “is H2O: two hydrogen atoms bonded to an oxygen atom” [1]








Then there is sea water which is pure water mixed with “dissolved material, collectively known as salt” [2]. “Approximately 965 grams of pure H2O and 35 grams of dissolved material” [3]. The collective dissolved material isn’t consistent and may vary between regions. However, Table 1 presents the main elements of sea water known as “salt”.
 (
Table 
1
 - Common components of sea salt by Mark Denny, author of "How the Ocean Works: An Introduction to Oceanography"
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Salinity also needs to be considered when relocating as different species can thrive in more concentrated sea water, whereas other such as aquatic species that live in rivers and lakes cannot. Salinity is “the fact of containing salt of the amount of salt contained in something” [4]
The European Eel is “critically endangered” and “spends most of their adult lives in freshwater rivers, streams, and estuaries” [5]. However, when they’re born they “begin near the island of Bermuda in the deep, blue waters of the Sargasso Sea” which is sea water. [6] They go through a process called “metamorphose” which gives the definition “to change into a completely different form or type” [7]. This gives the European eel the means to enter freshwater rivers, streams, and estuaries from sea water.
This paints a picture on the importance to adjust aquarium conditions autonomously, with the endangered species in mind.
[bookmark: _Toc90234431]Measuring Aquarium Tank Pressure
It is of importance that people working or visiting around the tank are kept safe. The Glass used to hold the water must be durable as it will remain under constant pressure 24 hours a day, and 7 days a week. If the quality of the glass isn’t adequate, then not only will it become a danger to the public but also to the endangered species that will be held there.
It is known that increasing the thickness of the glass increases its stability. If the quality of the glass is low, then the thicker the glass will need to be. Conversely, higher quality glass won’t require thicker glass. Safety factors are introduced to calculate quality of the glass, this will help estimate the thickness needed.
Depending on the size of the tank, autonomous monitoring may be required to measure the load on the glass throughout its product life span. This is to ensure the safety of the public and the health of the endangered species. Any fractures in the material will need to be detected and immediate action will need to be taken as glass is a brittle substance. Therefore, it will only bend a small amount but isn’t capable of deformation like other metals and would simply just break at its maximum yield strength.
 (
Figure 
3
 - Material Property Chart (Strength-Density)
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Description automatically generated]Using material property charts we can determine that glass is the favourable ceramic, with the additional property of transparency. Material selection is important due to the chemicals that will be fed through the water ventilators and the ease of cleaning if necessary as well as light being scattered.
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Light is another factor of consideration. Light is abundant in the oceans as well as scarce. However, aquatic river, lake species may require shade. Day time and night-time simulated environments need to be autonomously controlled in sync with their natural habitat and region. Failure to do so could result in abnormalities in behaviour and health, causing risk to the species and population within the tank.
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DCS is the chosen control system due to its capability in continuous processes that can monitor advanced control measures such as chemical control, boiler control, and environmental control.
Here is a diagram of the suggested Control System.

[bookmark: _Toc90204581]Figure 4 - Distributed Control System for Aquarium
If the water needed to be heated, then the PLC would read the sensor voltage and determine the action needed. This would run through the DCS and activate the boiler and water pump.
If it was getting late, then the PLC would read either a digital or analogue clock and determine the variable light strength needed.
If there was a system failure and the inlet water pump had broken but the outlet water pump continues to drain water, then the radar will detect the level of water lowering. The PLC will then determine what action needs to be taken, if the feedback suggests that there is an error with the outlet water pump, then the alarm will turn on and the outlet water pump will be shut off and closed. Manual authorisation will be necessary to restart the system.
[bookmark: _Toc90234434]Close Loop Control System
In a control system for an aquarium there needs to be controlled variables that maintain the health of the aquatic life. These variables may vary between species but a constant average for temperature, water level, pressure, pH is necessary. 
For automatic regulation for control, feedback is needed. Closed loop control systems will be essential. Below is a diagram on a closed loop system for water temperature.
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[bookmark: _Ref90130535][bookmark: _Toc90204582]Figure 5 - Closed Loop Control System for Water Temperature
Figure 5 presents the basic elements that illustrate a closed loop system. These include.
Control Unit – reads the input, then determining the change needed to satisfy the output.
Correction Element (Boiler) – here, the input is changed to the desired output
Process Element / Plant (Aquarium) – here, the output is stored
Measurement System (RTD)– here, the output is measured by sensors called feedback
The measurement system will loop back into the control unit where it will determine if the output was correct or incorrect. If there is an error, the control unit will adjust its manipulated variables to control the output.
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Pneumatic control valves will be important to transfer oxygen into the aquarium from outside of the tank. This can be done by control valves. It is important that the pressure that will be inserted, won’t harm the aquatic species so it will be essential that the flow is smooth.
The two suggested considerations would be the ‘butterfly valve’ or the ‘check valve’. Either of these are suitable, however, be advised that ‘check valves’ can be placed vertically in the centre of the tank like water fountains., which will spread oxygen through the tank more easily. They also work at high operating speeds to prevent aquatic life from entering the valve. This valve can also be automated, further developing the independence of control system.
An ideal directional control valve would be an 5/2 solenoid valve. This means that there are 5 ports and 2 positions (On or Off). As the PLC receive information from the sensors that the oxygen is low, an electrical signal will be sent to the solenoid which will push the coil and compress the ‘spool’. This will remove the control valve from being turned off, to being turned on. This will allow the flow of oxygen through the valve into actuator. Once the actuator is full of compressed oxygen. The valve will be turned off and the oxygen will be released by the actuator. 
This system will work fully submerged at the bottom of the tank.



[bookmark: _Toc90234436]Industrial Standards
The Health and Safety Executive (HSE) state that “a control system or device is deemed to be safety related if it provides functions which significantly reduce the risk of a hazard, and in combination with other risk reduction measures, reduces the overall risk to a tolerable level” [8]
Due to the capability of our automatic system to produce feedback (Close Loop), it can be programmed for certain tolerances and allow certain devices such as an alarm to be switched on. Without feedback, this wouldn’t be possible. 
“International Standards are being developed, such as ISA/IEC62443 to provide standards for analysing cyber risk and to specify the design, installation, inspection, maintenance and testing of cyber security countermeasures” [9]
As the world becomes more connected through the internet, it is important to anticipate cyber attacks that could lead to system failure, risking the health and safety of employee and the hosted aquatic life.
“One of the standards under IEC 61508, ISO 13849 is a safety standard for machinery control systems. It provides the framework for the design and integration of safety-related parts — including software. For each part, ISO 13849 outlines the requirements for it to achieve functional safety.” [10] This is important for both the equipment used around the aquarium and the DCS. This standard is relevant to many machinery and software components including the RTD measuring the temperature which will regulate the boiler.
IEC 62061 “applies specifically to the safety-related electrical control systems that are required for risk reduction. For each component, the standard applies a safety integrity level (SIL) to it to reduce its potential risk. By following IEC 62061, functional safety will be present throughout the overall lifecycle of the control system.” [10] This involves the PLC programming and will need to meet the standards laid out in IEC 62061. As our system is a closed looped system with feedback, our system will become safer over time due to adjustments, however there will always be a risk, so the standard outlines the minimum requirement necessary. 



[bookmark: _Toc90234437]Hydraulic Consideration
Hydraulics power would be a great consideration in an emergency. In a hydraulic power supply system, the accumulator acts as a battery storing power. Instead, it stores liquid under pressure, which would allow it to be released at any given time when needed. Hydraulic systems can give off a lot of energy, for the size of the system so in the event of an emergency where that energy is needed, there would be a large reserve of it.
However, oil filled hydraulic system within an aquarium would be foolish as it is extremely toxic to aquatic life. Therefore, hydraulic systems filled with water would be more suitable. However, if oil filled hydraulic systems is necessary, then it should be considered that the system to be located away from any water supply that feeds into the main aquarium tank. Also, contamination measures will need to be in place to stop the escape of oil into the water supply.
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Table 3.1 provides a list of some of the major constituents of sea salt. Note
that there is considerably more mass of chloride than there is of sodium. This
might appear odd, given that sodium chloride, the primary salt in scawater,
contains an equal number of sodium and chlorine atoms. However, each chlo-
ride ion weighs 35 daltons, more massive than its partner sodium ion, which
weighs 23 daltons. Thus, with equal number of sodium and chlorine atoms,

there is more mass of chloride than sodium. For future reference, note that bi

carbonate, at the bottom of this list of abundant salts, is nonetheless present

substantial amounts. Bicarbonate is essentially a hydrated form of carbon diox
ide, a molecule important in the process of photosynthesis. We will return to
the role of bicarbonate in chapter 4.

Please remember that table 3.1 is a list only of abundant ions, it is not a com-
plete list of the components of seawater. To give you a feel for how incomplete
this short list is, consider the miniscule concentration of gold in seawater, about
8 millionths of a gram per cubic meter. At this concentration, gold ranks forty-
ninth in the overall list of clements present, six places behind yterium. But,
there are a billion cubic meters in each cubic kilometer of seawater, and 1.4 bil
lion cubic kilometers in the ocean. Thus, the ocean as a whole contains 11 mi
lion fons of gold. This for an element that doesn’t even come close to making
the list shown here.

Table 3.1 Common components of sea salt

Percentby  Grams per kg
Ssymbol weight soawater

ct 898
Nar 2 056
SO, 2 265
Mg? 348 127
Ca 0.40
K 0

bicarbonate HCO, 0

his item is part of a JSTOR Collection.
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Figure 4 - Distributed Control System for Aquarium
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