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Biogas to mitigate climate change and improving agriculture in Aral Sea basin

Abstract. 

It is evident that delivering public utilities (i.e., natural gas, electricity) to rural areas is not cost-effective to utility companies and there are many livestock farmers residing in countryside with organic waste from animals. Besides, problems of water deficiency, low yield productivity are associated in Aral Sea basin. The solution would be installation of biogas technologies in rural areas towards generating sustainable energy and bio-fertilizers for agriculture purposes. Renewable Energy Promotion in International Cooperation (REPIC) is a Swiss grant to support dissemination of green technologies in developing countries. Main purpose is to establish pilot project of biogas plant that applies organic waste into renewable energy. From re-treating organic wastes (i.e., livestock manure), bio-fertilizers can be used to increase yield efficiency as well as providing green energy in rural areas. Research methodology is field trips in 10 livestock farms to estimate biogas and electricity that can be generated from biomass. 

Agriculture (i.e., farming, horticulture and livestock breeding) is the major economic activity in the Aral Sea basin. The associated use of water is considerable. The land productivity is decreasing due to excessive surface irrigation using salinated water from the Tuyamuyin reservoir causing desertification. Standard agricultural practices have negative impacts on the quality of soil and are associated with high groundwater and energy consumption. The livestock sector is dominated by small household farms and provides often the best livelihood option for rural families. Since 2001, rising market prices of provender have significantly affected small-scaled Uzbek producers, because of their limited ability to pass on these price effects to the end consumer. As a result, large companies with a livestock of minimum 200-300 cattle are increasing their market share. 

Local producers are permanently looking for new possibilities to improve their yield and the earnings and to reduce costs in order to survive in this competitive market field. In this context, the production of biogas could help reducing energy costs (mainly electricity) and increasing crop yields due to the production of a high quality organic fertilizer. Biogas production can also help reducing environmental risks, such as water evaporation caused by agriculture and improving well-being of the families. As an environmental co-benefit, carbon emissions are being reduced.

The government of Uzbekistan is aware of the critical environmental situation in the Aral Sea basin, which also puts high burden on agriculture, which represents the most common livelihood option in the rural population. In 1996, the first president Islam Karimov raised the human-driven environmental catastrophe in Aral Sea basin as a global concern in several United Nations meetings. Recently, Cabinet of Ministers approved a new Decree to support green energy generation by dedicated bank loans with low interest rates and the possibility to sell surplus electricity generated from renewable energies to “Uzbekenergo”, the operator of the centralized electricity grid. 

Uzbekistan has comparative and competitive advantage on agriculture in comparison to its neighboring countries. Agriculture remained the most dominant sector in the economy until 2001. The livestock sector plays an important role in the economy of Uzbekistan, accounting for more than 40% of Uzbekistan’s gross agricultural output. The main characteristic of the sector is that most of livestock production originates in small - so called - dehkan farms. A huge number of family-owned farms (95-96% with 4 heads of cattle on average) and a small number of private livestock farms (4-5% with 100-150 heads of cattle). Thus the bulk of cattle in Uzbekistan is held by household farms: 4.5 million households keep more than 6 million cattle including.The total number of cattle for all farming entities was 8.2 million heads by the end of 2010, including 3.3 million cows. The total number of sheep and goats in 2010 was approximately 14.4 million.

A major share of electricity demand of the Aral Sea Basin is met by a thermoelectric power plant based on natural gas in the Republic of Karakalpakistan by Takhiatash (www.uzbekenergo.uz). Local farmers cover their electricity needs from central utility grid, however due to rationing and electricity shortages, they struggle for finding alternative energy solutions. In the framework of the international conference on “Development of Cooperation in the Aral Sea Basin to mitigate consequences of environmental catastrophe” organized by the Government of the Republic of Uzbekistan in the city of Urgench in western Uzbekistan (October 28-29, 2014), important goals for improvement have been defined. 

Almost all farmers in the Aral Sea Basin are grid-connected, since agricultural production is widely dependent on electricity consumption, with electric pumping-based surface irrigation being the most energy-intensive process. Electricity supply is highly unreliable and the grid often overloaded. Farmers with off-grid diesel-based irrigation account for less than 2%. Energy intensity in agricultural production is partly caused by the lack of knowledge and skills. Electricity is the main power source for water pumps in the farms. 80% of all arid lands are irrigated through water lifting techniques. And out of this share, more than half of the irrigation is done by using electric power. Gravity irrigation is used for around 20% of the arid lands, while around 20% of the water is pumped by using resources such as oil, natural gas and animal power.

Ten percent of the total land area in Uzbekistan is used for agricultural production purposes. Livestock-breeding (cattle), is a major economic activity in the Aral Sea Basin. Cattle-breeding is also a regular household activity, making 60% of the households self-subsistent on meat and dairy products. Moreover, it is an important source of income, since the Aral Sea region supplies significant share of meat and dairy products for urban areas such as Uzbekistan’s capital Tashkent. 

Rising market prices of provender significantly affect small Uzbek producers, because of their limited ability to pass on these price effects to the end consumer. Total profits in the Uzbek beef, lamb and pork industries are falling and competition is becoming stronger. As a result, large companies with a livestock of minimum 200-300 cattle are increasing their market share due to their ability to offer low prices as a consequence of economies of scale.

The local producers are permanently looking for new possibilities to improve the yield and the earnings and to reduce costs. Another important need is the reduction of land salinization, water evaporation and energy consumption, caused by agriculture and diversifying and strengthening family income sources especially for the women. 

The biggest challenge in the Aral Sea basin is the high rate of water consumption of the agricultural areas. The reason is their location in desert zones. For the necessary irrigation, groundwater from very deep zones must be pumped. This situation creates high costs and intensifies the process of desertification.

Until 2011 there were only 16 biogas units in Uzbekistan. With the support of UNDP project “Supporting Uzbekistan in Transition to a Low-Emission Development Path”, their number increased to 42 units in 2015. According to preliminary calculations, this number of biogas plants is able to generate around 1’350’000 m3 of biogas per year, equivalent to approximately 2’700’000 kWh of electric energy. Given that the manure will be processed into bio-fertilizer, the annual GHG emission reductions could reach 7’260 tons CO2-eq.


Methodology - field trips to livestock farms.
Field trips to the biggest livestock farms in Khorezm region revealed unique agriculture methods in each district. Treatment of organic wastes, energy management, cattle feeding techniques had a huge difference from each other with resilience to environmental conditions in Aral Sea basin. 
1.	Biougit, LLC, Urench district (with biogas plant) 
The project members visited Biougit LLC. The farm had 200 cattle and a biogas plant – owned and operated by an external person – had been built. The biogas plant has a capacity of 60 m3, what is a lot too low for 200 animals; the retention time was significantly less than 10 days. For this reason, the plant had to be regularly re-inoculated with material from a sewage treatment plant. Actually the farm is been sold and there are no animals on the site. Thus, the operator has a deal with neighbor farmers who might sell manure to the Biougit LLC. The plant is not insulated and in wintertime the temperature may fall to nearly – 40°C. Because of the high ground water table the digesters lay on supports above ground. The plant is stirred by gas injection. Because of lack of knowledge there exist a variety of fundamental faults.
2.	Agrofirma, Khorezm territorial electricity networks JSC, Gurlen district (with biogas plant)
The farm of 130 ha owns 280 cattle of different sizes. It produces between others milk and yoghurt. The manure on the cement ground of the stable is collected for anaerobic digestion. The cows are in summer for 4 hours in the stable during the hottest period of the day and in winter longer when it is very cold. I.e., just a very low percentage of the manure is digested.
The biogas plant was installed by a third party in 2013 with total capacity of 150 cubic meters (two tanks of 100 m3 – see picture left - and 50 m3 respectively). The digesters are enclosed in a cottage and insulated with organic residues. 
Currently, the system is not working. When farm manager approached the company, it was not possible to identify problems. The digester is stirred by gas injection. In the digester there are an awful lot of pipes, which could be avoided to a large extent by a professional design. The input is very much diluted, what reduces its biogas potential.
Also here, there are a large number of fundamental mistakes:
· Temperature within the tank is not kept stable (even no thermometer inside the tank!)
· If the information was correct, the digester is stirred by injection of air – what is poison for anaerobic digestion…!
· The retention time – if amounts were correct… – is only 15 days, what is at least half of the time recommended.
· Input and output pipes are next to each other, what causes an export of undigested manure (and an accordingly longer retention time of material in the back of the digester). 
However, there is eventually the possibility to obtain additional wastes from neighbors, such as cotton residues. If a solution can be found to include the residues at the cratches outside, a solid waste digester could be the right solution.
3.	Uzbekneftegaz, NHC, Yangibozor district 
The farm was established in 2014 and currently possesses 150 cattle for beef production. The purpose is providing meat products to the company employees and local residents on affordable prices. It is planned to increase the number of animals, to add a poultry production as well as a slaughter house for meat production on site. This will provide additional biogenic wastes (rumen content, poultry waste) and waste waters, such as blood etc. 
The cows are (partially) fed on a cement floor (see picture), what is favorable for manure collection. The owners of the farm want to build a plant still this year; a convenient site near the future slaughter house is available. 
The site is interesting. However, the correct planning of a well working plant adapted to the future requires at least half a year of detailed planning.
In particular, many points have to be cleared, such as the property of the future substrate mixture (liquid or solid digestion?), energy needs of the site, possibilities to use and/or to sell surplus energy, handling of the digestate (liquid or solid? ev. post-composting?), restrictions by law if digesting slaughter waste, comparison of different technical solutions including cost-benefit calculations, etc.
4.	Uzbekistan Railways, JSC, Shovot district 
This largest farm in Khorezm region owned by the railway company has 1’500 cattle (1’000 adults and 500 young) and 30’000 hens (in cages). The fodder for the animals is produced on 1’000 ha. Like on the large majority of the farms, the cattle are outside on unpaved ground. That is to say that the manure is mixed with earth and stones, what would cause sediments in the biogas plant.
The manager of the facility is not very motivated to install a biogas plant, because there is natural gas available on the site; he drives a gas-engine of 25 kW, what seems to be sufficient for the farm.
5.	Usta Matsafo, Shovot district
This small private farm owns 150 cattle (~50% adults). Also here, the manure is spoiled with earth and gravel. The “manure” is manually thrown through windows on the backside of the shelter and kept on heaps for long times, where the material should undergo a composting process. However, black regions indicate that there is Hydrogen Sulfide, typical for anaerobic processes. Nevertheless, the farm is interesting, because the owner is member of the local parliament. He would like to integrate organic wastes of the households nearby; he will determine the mass potential.
6.	Ibroim Bobomurit Boymoq, Bogot district
“Ibrohim Bobomurit”- farm in Bogot district has 100 cattle (50 milking cows and some young beefs) with arable land of 43 hectares, whereof 10 ha are cotton and 12 alfalfas. 1 ton of manure is collected daily and thrown sporadically into the water channels for fertilization and irrigation.  Collected manure is distributed among farmer employees where they can use them for heating domestic ovens (i.e., to make bread and food and for heating in wintertime). The farm intends also to increase its chicken production.

The farmer shared that rice cover and cotton residue are available from his arable land. Like cotton residues, rice husks are not eaten by the cattle, if they are produced in the “old way”. If the organic wastes were laid down on the ground behind the cratches, where the cows let fall a large part of their excrements, the mixture could be very good for biogas production (significantly less inert material), increasing significantly the biogas yield. 

7.	Gulomboy-Ikromboy, Xazorasp district
The farm with 400 cattle has also wastes from rice production. On the contrary to farm 5, here there is a new rice mill, which includes little amounts of starch to the husks. Therefore the husks can be fed to the cows. Nevertheless, the nutritional value of the husks is probably minimal, i.e. it is mainly roughage (better digesting..!) 
In contrast to the farms visited so far, the manure is collected only 3-4 times in a year, i.e. it remains – together with “good” fibrous material not eaten by the cattle – on the ground. This has the advantage that the input for the biogas plant includes much less earth and stones. On the other hand, there is the disadvantage, that the manure loses quite a lot of its biogas potential while being stored for a long time before digestion – especially at warm temperatures in summer.

8.	Muslima Sotimova, Yangibozor district
“Muslima Sotimova” is farm in Yangibozor district with 80 cattle and 20 hectares agricultural land nearby (between others corn production). Annually, the farm produces 300 tons of manure. Here, the animals would stay on a paved ground at least in winter time. 

The farm is ambitious to construct a simple, low-cost biogas plant working without technical errors. Such a plant might produce heat in wintertime.

9.	Yuldosh Majid, Khiva district (with biogas plant)
The farm “Yuldosh Majid” with 140 cattle is located next to the border to Turkmenistan and to the desert. There is a biogas plant digesting a part of the manure. The plant consists of a 10 m3 digester (horizontal steel cylinder mounted on two supports) with a device for mixing the content of the digester manually (horizontal axis in the center).  The gas is stored under pressure in a vertical cylinder. The material (diluted with water) is fed through a funnel on the inlet side and leaves on the opposite side via an overflow tube, which feeds a small lagoon. There, the liquid – containing dissolved inorganic nutrients – seeps into the ground and into the groundwater, respectively. Remaining solids are collected and brought out to the field.

Unfortunately, there are additional unnecessary faults: E.g. The digester is not fed regularly, but only about once in a week. The digester is not insulated and is heated by an open fire under the tank. However, this concept is the best seen so far; it could be improved in several points and then be the simple solution for an application on small Uzbek farms with low energy demand.

10.	Poultry farm, Khonqa district

The new poultry farm in Khonqa keeps 150’000 laying hens producing daily 15 tons of chicken manure, which is sold to farmers for 10-15 UZS per kilo. 

The hens are kept in cages, a technology forbidden in Switzerland for ethical reasons. The manure is transported regularly by conveyor belts under the cages to the outside of the three buildings. The rooms of the newborn chicken are heated by natural gas. There is a considerable electricity need of 45 MWh/month for the automated egg production. Electricity can also be produced by a local generator. Cogeneration with biogas would be favorable for covering not only the electricity demand, but also the heating needs of the buildings and the young chicken.

The same company owns a second, even a bit larger hen farm near Khiva. There is no natural gas there. If installing a biogas plant, this second place would be most interesting.


Research findings:

Visits to livestock farms led to the following, preliminary conclusions that can shape the further policies to develop biogas sector in Aral Sea basin:
· The knowledge about biogas technology in Uzbekistan seems in the initial stage. The installations visited so far show severe technical deficiencies and there seems to be lacking know-how on plant operating. Capacity building in renewable will lead to greening energy sector as well as mitigating climate change in Aral Sea basin. 

· Like in most newly industrializing countries, in Uzbekistan biogas production concentrates on animal manure. However, excrements are not optimal for anaerobic digestion, because they have already passed through an intestine of an animal, where the easily degradable matter already has been digested. Undigested organic matter, such as harvesting or organic household wastes, show a significant higher biogas potential than animal manure. Though, the installations visited concentrate on animal manure alone without supplementing undigested so-called “co-substrates”.

· There are large farms with a high potential for producing biogas each. They can produce a lot more energy than just covering their own need. Unfortunately, these big farms are normally far from villages and houses, which could use the surplus heat for heating their buildings.

Biogas on the farms visited
· On the majority of the farms visited, the cattle is (at least in summer) outside in a coral on the unpaved, natural ground. Therefore, it is difficult to collect all the excrements widespread on the ground.

· A large part of the excrements is dropped behind the cows when eating at the cratch. But this (wet) manure is mixed with earth and stones, i.e. it is not convenient to be used for digestion in a biogas plant that digests liquid input material: In the digester there will accumulate sediments of inert material reducing very quickly the operating volume and necessitating costly and laborious revisions of the plant in short intervals.

· [bookmark: _GoBack]If digesting cattle manure, or the manure has to be collected on a paved ground (at least behind the cratches) or the ground behind the scratches has to be excavated ~40 cm and filled with harvesting wastes (cotton, rice etc.). Then the upper layer with a mixture of manure and some harvesting waste – which has to be replaced afterwards – can be fed into the biogas plant. This mixture will result in a significantly higher biogas yield. This solution would have also a sanitary advantage: the cows will stay no more in the mud, but on a more hygienic, less wet surface. 				

· At first sight, three designs could be appropriate for the Uzbek farms:

· An improved design of the simple liquid manure digester of farm 9 to cover the heat demand of small farms like farm 8, where the cattle is inside in wintertime.

· Simple garage type solid waste batch digesters, such as developed by Renergon (http://www.renergon.ch/en/), Pöttinger (http://mobigas.poettinger-oneworld.at) and other companies. Here, the solid manure is filled by turns with a truck into 3-5 containers, where the material is digested over 4-5 weeks. This solution shows several advantages:
1.  	There is no need for unnecessary dilution; water just requires volume, does not produce any gas and has to be heated to digestion temperature! Besides of saving water and energy, there is a higher biogas output per digester volume.
2.	It does not matter, if the manure is spoiled by earth and stones, because the input is loaded into and discharged from the container by truck (or by hand), i.e. the inert material remains in the digestate and can be brought out to the fields.
3.	It is a modular design, i.e. if there is more input material in the future it’s no problem to add an additional container.
This would be an optimal solution for the poultry farms, especially the one near Khiva, for covering their own high energy need. But it would also be a good solution for large cattle farms having some harvesting wastes on condition that they can feed the electricity at a reasonable price into the grid. 

· A modified plug-flow digester for semi-liquid digestion such as developed by arbi in Africa (http://www.repic.ch/files/6514/3645/5889/SB_Arbi_Tansania_vf_klein.pdf). In Uzbekistan this digester has to be heated and at large volumes the mixing cannot be done any more manually, i.e. it requires some additional engineering and cannot be built immediately.
This digester type could be the optimal solution for farm 3 on page 3, where there will be co-substrates (such as blood and rumen content from the slaughter house) in the future. Unfortunately, this farm wants to build a biogas plant immediately. A well working plant or will cost significantly more than the plug-flow-type or it will not work properly.
