
HYDRA-SPORE SYMBIONT
Renewable Evanescence 
ENERGY FROM EVAPORATED WATER
Approximately 50% of the solar energy absorbed at the Earth’s surface drives evaporation, fueling the water cycle that affects various renewable energy resources, such as wind and hydropower. Evaporation is a universal phenomenon in the natural environment and a dominant form of energy transfer in the Earth’s climate. Engineered systems rarely, if ever, use evaporation as a source of energy, despite innumerable examples of such adaptations in the biological world. We propose evaporation-driven engines that can power the motion of bacterial spores that expand and contract as they absorb and release moisture from the air moisture. The spores absorb water and enlarge, akin to a muscle that contracts and elongates. When it’s hot, the water evaporates, and the spores shrink. These engines start and run autonomously when placed at air–water interfaces. They generate piston-like linear motion using specially designed, biologically based artificial muscles responsive to moisture fluctuations. Using these engines, we propose HydraSpore Symbionts as electricity generators that rests on water while harvesting its evaporation to power multiple homes.
WORKING PROOF OF PRINCIPLE

The inspiration behind HydraSpore Symbionts is based on research by Scientists at Columbia University led by biophysicist Ozgur Sahin, who have been developing devices that have the potential to generate power from the process of evaporation
. The device generates electricity from the energy produced by bacterial spores known as Bacillus subtilis, which exhibits significant mechanical responses to changes in relative humidity. It was found that when bacterial spores shrink and swell with changing humidity, they can push and pull other objects, with even more energy than other materials used in engineering. 
HYDRASPORE SYMBIONT STRUCTURE
The Hydra-Spore vertical structure is made of concrete and reinforced steel that rises upto 20 ms with varying diameter (namely 10ms,15ms & 20ms) and stand over a body of water 5 meters deep. The main energy generating ring is located at the neck of the structure over the water body. The main crescent shaped mechanical steel arms hold the engineered acrylic strips which comprise of spores connected to galvanized cables. The two mechanical arms attach to hydraulic springs that move with the spores that expand when they absorb moisture and contracts when they dry. This forms the heart of the engine and the mechanical muscle is driven like a piston as the humidity of the surrounding air increases because of the evaporation that takes place both inside and outside the structure. The vapors of evaporation rise to the spore bed through natural convection. 
The structure is cladded in acrylic panels that act as a fin. When they reach the maximum expansion, the acrylic panels on the shell of the HydraSpore open, allowing the water vapor to escape. Eventually, the humidity reduces which results in the spore’s muscle contraction, causing the fins to close. This closing of the fins stops further vapors from moving out, thereby allowing vapor to build up within the column. The expansion and contraction of these spore strips leads to the production of work which is converted to mechanical energy and then into electrical energy through a generator. 
SITE & CLIMATIC CONSIDERATIONS
Using an evidence-based design process, we have applied the technology to envision a large-scale energy generating public park which can be replicated in almost any location given the evaporation potential of the climate. A benefit of vertical designs is that they can take advantage of the wind, which facilitates evaporation more effectively than horizontal designs. Spores will need to dry fully to become functional again, and to facilitate this, the tall Hydra-Spore Symbionts will be able to capture dry air at the height attained when expanded, i.e. open fin condition. The aluminum fins serve a dual purpose. On one hand they close during vapor build-up and on the other serve as spore protection during rainy/stormy periods. If spores aren’t exposed to water directly, it can generate power even during rain, because evaporation can still happen when it is raining. The temperature of the surface is usually warmer than air, so even though there are water droplets in the air, evaporation can take place at the surface.
HydraSpore Symbiont Park is envisioned to be a public sphere that is an emblem of creativity, environmentalism, and social inclusiveness located in St. Kilda Triangle, Port Phillip. The aesthetics of this park are geared to enhance an urban experience for human contact. The multicolored structural fins and their kinetic energy based on the stage of operation enables one to visualize and understand the stage of the vapor cycle of the biological entity which can exist in a dormant state for hundreds of years. This public park aims to educate the public and brings awareness to the ongoing energy crisis, encouraging recycling or obtaining free energy from sources such as spores that don’t release dangerous by-products which create pollution. It provides ideal conditions for the public to thrive and offer views from lower esplanade of St Kilda Beach and the Port Phillip Bay, evolving into a place for people to stroll and soak up the ambience. The Symbionts stand amidst the water bodies spread across the primary and the secondary boundary which are encircled by pedestrian pathways. The pathways are surrounded by green belts where the gathering can relax admiring these organic forms coming to life. 

ESTIMATED NET ENERGY GENERATED 
An approximate 897689.8 kWh or 897.7 MWh of electricity is generated by mechanical energy produced by the spore engine from evaporation annually. The total surface area of water available is 25,619 sq.m, that comprises the energy farm. From the studies and experiments run by the referenced group of scientists, we can assume the power available from open water surfaces in similar regions like Melbourne are expected to be up to 3-4W/m2 of electrical energy generated. Given this, the net energy produced by one large HydraSpore Symbiont is estimated at 11 MWh. The amount of electricity consumed by a home with four members, in Victoria
, is approximately 6000 kWh, i.e. 6MWh. Hence, the Net energy produced annually can electrify up to 150 homes in cities like Melbourne. Evaporation continues 24/7, so the engines, which sit on the water’s surface, could provide power even at night — unlike solar panels. 
ENVIRONMENTAL IMPACT SUMMARY
Periodic droughts and consistently high summer temperatures deplete Melbourne's water supplies, and climate change may exacerbate the long-term impact of these factors. These HydraSpore Symbionts can help conserve the water with their umbrella shaped canopies that results in potential water savings. The proposed Symbionts not only produce electricity from their innate ability to convert energy from evaporation into work but also reduce the annual evaporation of the region. These structures can be installed almost anywhere around the world to generate renewable energy. Evaporation happens at night and in any location can be a feasible site with a drier climate being more favorable. Dry air is better in terms of energy conversion efficiency. Salinity, however, can lead to corrosion of different parts of the devices. So, appropriate measures must be taken to mitigate this issue in coastal areas.
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