SIATAI – Vertical Farm&Meadow System

SIATAI system technology overview

We propose SIATAI
 – Vertical Farm&Meadow System, within the Mannheim’s Spinelli Park (NE of the city), a part of the Rhine-Neckar green corridor. There are three energy production methods implemented in our system:
A - plant biomass chemical energy: via biogas extraction (transferable to heat and electricity);
B - oscillation energy (wind-induced aerostatic flutter effect): via windbelts;

C - mechanical pressure energy (induced by wind drag): collected by piezoelectric ceramic elements.
There are two levels of modularity in the SIATAI system: each unit consists of basic elements (or modules; Fig. 1), enabling various output shapes and total height adjustment; whole units form a higher-level modules, and may work together in smaller or larger groups. The three technologies are synergistically combined in the system, supporting each other. Biomass is both intensively (year-round; energetic crops; in greenhouse sectors) and extensively (seasonal meadow; water-filtering herbs; in open sectors) produced in cylinder-based units (tower-like). The individual elements (or modules) of the unit (Fig. 1) react with each other, forced by the wind (a micro-trembling effect), producing energy via the piezoelectric joints between them. Finally, the between-units horizontal grid structures collect run-off water and wind energy through the windbelts mounted along the light-weight structures, mechanically supported by the cylinder foundations of the SIATAI units. 

Transport costs are minimized by localizing biomass production directly above the pre-digesters. The system is fully automated, including biomass clipping (using a tube-in-tube pneumatic facility); and only vegetable collection (if desired) or some occasional maintenance should be done manually (using an on-site crane vehicle or craft).  

There will be a time shift in biomass production cycles between the units, for regular supplies of material to the main digesters located inside the “U-halle” (serving as a hub of the SIATAI system, in scenario 1). The obtained biogas will be partly transformed to electricity. A temporal market place is envisioned (such as once a month) to sell or give away the harvested, highest quality vegetables (excluded from the biomass pool).
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Fig. 1 Asymmetric wind speeds (black line) on both sides of a system element (gray fill); upper view. The wind simulations were performed using Flowsquare v. 4.0, a Computational Fluid Dynamics (CFD) free software

SIATAI unit system
The basic unit of the system is a cylinder-shape-based (12-m diameter) modular steel construction, made of asymmetric-biconvex-lens-shaped space frames, ca. 8×4×3 m each. There are both closed (year-round, film-covered greenhouses) and open (meadows) vertical vegetation production sectors within the unit. The frame elements build-up the unit form, and have three major functions: (i) serve as a mechanical support for the vertical tubes on which plants grow; (ii) are the “exoskeleton” of the film-covered greenhouse parts; (iii) react with the wind, being aerodynamically shaped (because of the differing wind paths lengths on both sides of each element, an asymmetric air pressure will emerge). The elements also dynamically react with each other, being continuously dragged out of the equilibrium state by the wind, but are held in place by the piezoelectric joints.
The graphene-reinforced concrete cylinder foundation of the unit has multiple supportive functions:  
(i) for the aboveground structure and vegetation; (ii) for the below-surface infrastructure (pre-digester), to store and process biomass; (iii) support the horizontal windebelt-carrying structures, stretched between the units.
The unit may either function as a part of a large setting: when there are many individual units, and there is a shift in biomass production cycles, to regularly supply the predigested matter to a hub-unit (scenario 1); or as a stand-alone system: complete energy production process is within few units (scenario 2) or a “half-unit” (scenario 3), placed within a small area, such as a “kleingarten” or “Schrebergarten” (small garden). Scenario 2 and particularly scenario 3 would depend on regular bio-waste supplies from outside, to maintain a continuous biogas production process.  
Socio-economic benefits

While our project is basically a biogas plant, it may be easily integrated into any recreational park or garden area, across a range of spatial scales. This is achieved through a modular  design of the SIATAI system (single to multiple units), as well as the SIATAI unit itself (full-unit, half-unit). The local communities are welcomed to participate in the bio-energy production by supplying their bio-waste to the system (inlets will be easily available to the public). This could start an interesting local social behavior – going to a park, taking your bio-waste with you, to improve climate and produce free energy (however; it is not mandatory, and the multiple-units version of our system will also work without contributions from outside). Part of the produced biomass will be available to the local communities (harvested from the system units, instead of going to biogas production). In such way, the local communities will gain far more than free energy. 
Sustainable Development Goals support

SIATAI addresses several UN Sustainable Development Goals (SDGs), in particular:
7. Affordable and clean energy – is our main goal, we propose a new system solution, which may be applied to other areas;

13. Climate action – our solution will help reduce greenhouse gases emissions, and exert  moderating effects on local climate; 

11. Sustainable cities and communities – our project will make the local communities more sustainable by delivering free energy, in a long run;

2. Zero hunger – our system also produces food – high quality vegetables, which may be easily collected and delivered to the local communities;

4. Quality education – the SIATAI system may serve as a perfect educational tool, where pupils and students may spend a whole day learning about sustainable energy methods, climate change, plant biology, and many more;
9. Industry, innovation and infrastructure – we propose an innovative system, which is a merger of several existing energy collection technologies, and also some novel ideas (such as the “micro-trembling structural elements”; Fig. 1).

The other SDGs may be addressed by our project to a lesser extent, such as “1. Poverty reduction” – the solution may help some poor people by delivering free energy and quality food; or “12. Responsible consumption and production”, while we propose a zero-waste energy production.
Estimation of the overall energy gain
A - plant biomass chemical energy: via biogas extraction (transferable to heat or electricity).
Vertical tower farms are in practical use since quite some time, and we may reliably estimate biomass production rates, using multiple Internet sources and examples. One meter tube (or tower) may grow 20 plants on average. While our single unit consists of up to 16 farm-tubes (9 m high each) and the same number of meadow-tubes (6 m high each), we may expect:
20 [plants/meter] × (16 [tubes] × 9 [meters] + 16 [tubes] × 6 [meters]) = 20 × (144 + 96) = 2880 [farm plants per cycle] + 1920 [meadow plants per cycle].
Furthermore, for herbs, a growing cycle (a time period between each harvest) takes 3-4 weeks on average; therefore, we may expect 15 growing cycles per year for the farm part, while the meadow part will be harvested once or twice, to preserve local biodiversity. Given that a single plant may weigh 0.15 kg on average, the possible biomass production in a SIATAI unit per year is as follows:

0.15 [kg/plant] × 2880 [plants] × 15 [cycles] + 0.15 [kg/plant] × 1920 [plants] = 6 480 + 288 = 6 768 [kg/yr/unit].
Finally, 1 ton of biomass roughly translates to 1 MWh of energy, thus we may expect:
A = 6.77 MWh/yr/unit

Note: this value may be largely increased by the local community bio-waste inputs. 
B - oscillation energy (wind-induced aerostatic flutter effect) – via windbelts.
Windbelts are less well-tested than A, but several sources give rather precise estimations of the possible energy gains. The average wind speed around Mannheim is ~3 m/s; we assume that the water surfaces together with the SIATI form wind-funneling effects, will enable to approximately double or even triple the average wind speed at the energy collection spots. Given that a 1.75-m long set of membranes may generate 100 mW power at 8 m/s wind speed (DOI: 10.1016/j.esd.2016.04.003), and while some 700 m of the horizontal structure is associated with a single SIATAI unit, we estimate the windbelt energy of a unit as:

B = 0.1 [W/m] × 700/1.75 × 24 [hours] × 365 [days] = 350 400 Wh/yr = 350.4 kWh/yr =
B = 0.35 MWh/yr
C - mechanical pressure energy (induced by wind drag) – collected by piezoelectric ceramic elements (at the joints between individual system modules).
We assume that energy gains from this method will be marginal compared to A and B, and will be fully used on-site, for heating up the system during the winter season (to keep the green house parts productive) and for keeping the water circulation within the system. Moreover, this is the most experimental and a novel technology, worth testing and tuning while exploitation of the system (A and B technologies).

Total output energy:
Scenario 1 (area required: ~18 ha)
(A + B) × N = (6.77 + 0.35) × 51 = 363 MWh/yr,
where: A is the biogas energy (MWh/yr), B is the windbelt membrane energy and N is the number of SIATAI units.  

Scenario 2 (area required: ~2.8 ha)
A × N = 6.77 × 3 = 20.3 MWh/yr
Scenario 3 (area required: ~300 m2 [0.03 ha])
A’ × N = 6.48 × 0.5 = 3.2 MWh/yr
Environmental impact summary
In this summary we focus on the scenario 1 (largest scale, ca. 50 SIATAI units placed). In case of the other scenarios, the environmental impact would be minor.
The positive aspects are: reduction of local carbon dioxide concentrations via increased vegetation; biodiversity support through the vertical wetland meadows (artificial habitats, which are scarce); improved wind flow thanks to the large surfaces of the proposed water bodies, plus appropriate directing of the wind currents by our proposed structures. Importantly, there are no large continuous walls that could block the wind. Furthermore, the water bodies should exert moderating effects on local climate, and particularly on air temperature.

Some risks are shared with traditional biogas plants, which are associated with the potential flammability and toxicity of biogas constituents (e.g., DOI: 10.1016/j.rser.2020.110225). We minimize these hazards by a scattered location of the SIATAI units; moreover, the units are much smaller in scale compared to the traditional biogas plants. The choice of many small units, instead of a single large biogas plant, practically excludes the risk of a simultaneous failure of the whole system. 
� Siatai [ʃiátai] is an Achaguan term for water. The affluent, horticultural Achagua people were one of the most abundant indigenous groups in Venezuela and Columbia, before the European contact. Currently, there are some few hundreds of them left. Their lives fully depended on water availability, and the natural cycles in the hot climate. Lakes were sacred.
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