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I. [bookmark: _Toc521317740]Summary

The proposed project (The Project) consists of transforming the management of agricultural wastes in Shandong Province to a circular economy with CO2 emission reduction maximized; transformation of waste to a resource (bio-energy) and zero waste implemented. The Project strengthens the low carbon economy policy[footnoteRef:1] of the Shandong provincial government for coal substitution, greenhouses gases (GHG) emission reduction and innovative energy management. The project eliminates grid sourced coal-powered generation and substitutes a biomass energy source, controlled by artificial intelligence for energy management system in the autonomous smart micro-grid. The Project treats agricultural waste in an environmental-friendly manner, reduces point source pollution and provides a high-value fertilizer for fruit and vegetable production while reducing GHG emission.The projects comprise a straw, livestock and poultry manure collection and storage system, anaerobic digestion, bio-gas production and generation of electricity, gas, heat and fertilizer. The two digestion modules planned to be constructed at each location in Phase 1 of the project will annually treat 160 thousand tonnes of dry waste and produce 63 million Nm³ biogas, generate140 million kWh / year electricity or 35 million Nm³ natural gas and produce 100,000 tonnes of solid organic fertilizer. The annual emission of 3.2 million tonnes of CO2 will be reduced.  The project is estimated to cost CNY1.64 billion ($255 million) for the three city/county plants. [1: Shandong Provincial Development and Reform Commission. 2017. Low Carbon Action Plan 2017 -2020. PRC.] 


II. [bookmark: _Toc521317741]Borrower

[bookmark: 4._Overall_Project_Implementation_Scheme][bookmark: _bookmark8]Elon Energy is the Borrower. The registration of this new company and the "Provincial Construction Project Registration Certificate" was completed for the Qinzhou component in April 2018. The biomass recycling project is planned to be undertaken in 2019. This new company has a registered capital of CNY100 million, was incorporated in March 2017 and in the same year, the contract for the recycling of agricultural waste in the twocities and county was signed. The company focuses on the investment, construction and management of agricultural recycling projects and promotes the distribution of renewable energy, ecological development and the establishment of organic food production. Elon Energy has established three subsidiaries. The subsidiary companies are Qingzhou Elon Energy Co. Ltd, Gaomi Elon Energy Co. Ltd and Caoxian County Elon Energy Co. Ltd.Concession agreements have been signed by these three subsidiaries with local governments. Feasibility study reports have been prepared by the company covering project engineering issues. In addition, Shanghai Electric Leasing Co., Ltd., Lutai Textile Co., Ltd., Goldwind Environmental Protection Limited and other financial institutions, investment companies and listed companies are discussing cooperation with the Elon Company, and have signed confidentiality agreements. 

III. [bookmark: _Toc521317742]Purpose of Facility

The project proposes to address the adverse environmental effects of straw management and indiscriminate discharge of poultry and chicken manure in Shandong Province by collection and pretreatment of straw and manure at a pretreatment facility, by transport to and subsequent digestion of the wastes at high-solid anaerobic fermentation tanks and by production of biogas for power and gas generation. Dehydration and drying of digestion residue is also proposed for use as fertilizer.The negative impact of unregulated emissions of livestock and poultry manure and pollution to the environment is also to be addressedwith digestion residue used as a replacement for excessively used chemical fertilizers. The main product is biogas for power generation at a cogeneration facility and dehydrated digestion residuefor fertilizer. The electricity generated will be used to maintain the digestion process and power the plant. A large portion of the generated biogas would be used to maintain the fermentation temperature. Surplus power would be fed to the National grid. Digestion residue can be converted to solid marsh fertilizer and liquid biogas fertilizer. Biogas waste - carbon dioxide (about 50% of the quantity) and sulphur is also produced. The project will have a positive environmental effect on surrounding areas of the project.

[bookmark: _Toc512525127][bookmark: _Toc521317743]Project Description

[bookmark: _Toc521317744]Physical Design
The company proposes to construct at three separate locations in Qingzhou, Gaomi and Caoxian Countyagricultural and animal husbandry waste recycling projects. The project employs anaerobic digestion of the wastes as their core, with the resulting methane and biomass residue generating electricity and fertilizer respectively. Production workshops, warehouses, supporting fire facilities, dust removal and deodorization and other environmental protection facilities are also to be constructed.

The anaerobic digestion tank modules and associated dewatering and drying units would be located within the same land parcel about 200 by 300 meters in plan. The service radius of the facility is about 20 km.  The standard single module energy project supports 10,000 ha of farmland, and the proposed Phase 1 two module system willsupport 20,000 ha of farmland and two crops of straw per year at each location.

The manure would be collected and sent directly to the digestion facility. Alternatively, five decentralised straw/manure/blackwatercollection facilities are to be established in farmland within a 5 km radius of supply for collection and temporary storage of straw and manure. The stored straw and manure may then be periodically transported a distance of not more than 20km to thecentral processing facility. Refer to Figure 1.

Figure 1: Agricultural/ Animal Husbandry Wastes Collection Area [image: ]

The central processing facility which occupies about 260 mu (12 ha) of land for a two module plant comprises a pretreatment facility, the anaerobic digestion tank modules, biogas pretreatment and power cogeneration plant, biogas slurry filtration and concentration equipment, dewatering and drying of digestion residue, and fertilizer production facilities. A single module processing plant is shown in Figure 2 
Figure 2: 6 Ha Standard Module Agricultural Waste Processing Plant
[image: ]

The straw arriving at the plant after collection and transportation from one of the five collection points enters a coarse crusher where the straw is broken, and the coarsely crushed material then travels on a conveyor to a fine crusher. After fine crushing biogas liquid is added and the material is mixed with manure/black water and pumped to the anaerobic digestion tanks. In the digester the material decomposes to methane, carbon dioxide and water. After desulphurization, dehydration and other pretreatment the methane is used to generate electricity in a cogeneration plant. The power is used in the plant and any surplus fed to the national grid. Heat and flue gas produced in the anaerobic digestion process is used for water and process heating around the plant.

After anaerobic digestion, residue enters a further processing stage for drying, granulation, sieving and production of solid fertilizer. The liquid fraction of the biogas slurry is concentrated in a membrane enrichment system for subsequent production of fine filtration liquid fertilizer. An Intelligent Monitoring System monitors the entire process with online metering and remote monitoring with traceable functionality. The monitoring system is implemented in accordance with the technical specification for remote information management of biogas.

The anaerobic digestion technology to be employed in the project is of the high-solid anaerobic reactor type, which operates at high solids content of 15-20%. The reactor can simultaneously treat agricultural straw, blackwater from household septic tanks, animal manure and other agricultural and animal husbandry organic wastes. It effectively avoids the disadvantages of handling faeces and straw separately.

The quantities of biogas, power, exhaust gas and fertilizer produced from the anaerobic digestion of agricultural waste materials from 2 module plants are shown in Table 1.

Table 1: Input/Outputs -Two Module Agricultural Waste Recycling Plant
	Item
	Description
	Unit
	Mass/Volume/
1000 tonnes/year/
M kWh/yr

	1
	Input- dry organic waste
	1000 tonnes/year
	160

	2
	Output- Biogas OR
	million Nm³ / year
	63

	3
	Output- Electricity generation  OR
	million kWh / year
	140

	4
	Output- Exhaust Gas
	million Nm³/ year
	35.2

	5
	Output- Liquid carbon dioxide 
	1000 tonnes /year
	40

	6
	Output- Solid Organic fertilizer 
	1000 tonnes /year
	100

	7
	Output- Liquid Organic fertilizer 
	1000 tonnes /year
	220



[bookmark: _Toc521317745]Map of Locations
The general location ofQingzhou City, Gaomi City and in Caoxian County in Shandong where the agricultural waste recycling facilities are to be constructed is shown in the attached map (to be provided).

[bookmark: _Toc521317746]Features of Project
The project proposes to establish at Qingzhou,Gaomi and Caoxian County in Shandong province anaerobic digestion plants at the centre of a 20 km radius area of farmland and to recycle straw/manure/blackwater from farms to generate power and/or methane. Five collection points will be established in the 20 km radius area for collection and storage of wastes for subsequent transport to the centralized digestion facility. The processing of wastes comprises fine /coarse crushing of straw, mixing of manure, anaerobic digestion, biogas desulphurization, dehydration and other pretreatment, generation of  electricity in a cogeneration plant, conversion of  liquid fraction of the biogas slurry to  liquid biogas fertilizer and drying, granulation, sieving of biogas slurry to produce solid fertilizer.  An Intelligent Monitoring System monitors the entire process with online metering and remote monitoring with traceable functionality. The negative impact of unregulated emissions of livestock and poultry manure and pollution to the environment is addressed as is excessive use of chemical fertilizers.  

[bookmark: _Toc514160773][bookmark: _Toc521317747]Land Acquisition /Resettlement
About 260 mu (12 ha) of land is required for the central wastes processing facility in each of the three city/county areas. In addition five smaller areas of land about 15 mu (1 ha) each in area will be required at each installation for collection/storage of wastes from a 5 km radius area of farmland. Some access roads will require to be improved. No resettlement is anticipated.Business licenses of three subsidiaries of Elon: subsidiary in Qingzhou City (a county level city); Gaomi City (a county level city) and Caoxian County and signed concession agreements between Elon and the three county level governments exist.

[bookmark: _Toc521317748]Cost Estimates by Activities

The total investment required for the implementation of thethree proposed agricultural and animal husbandry waste recycling projects in Shandong is estimated to be CNY1.64 billion ( $255million),as shown in Table 2.10% of the funding is proposed to be provided by the Company itself, 20%, by equity contribution and the balance (70%) by debt financing from SGDF as shown in Table 3.

Table 2:  Total Investment Agricultural and Animal Husbandry Waste Recycling Projects
	Item
	Project Location
	Cost CNYMillion 

	1
	Qingzhou
	511.10

	2
	Gaomi
	562.58

	3
	Caoxian County
	562.58

	
	Total investment   
	1636.26




Table 3:  Proposed Funding Agricultural and Animal Husbandry Waste Recycling Projects
	Phase 1 Projects
	Funding Source
	Qingzhou
CNYMillion 
	Gaomi
CNYMillion 
	Caoxian 
CNYMillion 
	Grand Totals CNYMillion 

	Capital (30%)
	Elon Own Funds
	53.67
	59.07
	59.07
	171.81

	
	Equity Financing 
	99.66
	109.70
	109.70
	319.06

	Construction (70%)
	Debt Financing
SGDF
	357.77
	393.80
	393.80
	1145.37

	
	Total Investment
	511.10
	562.58
	562.58
	1636.26



[bookmark: _Toc521317749]Project Rationale

[bookmark: _Toc521317750]Problems Solved by Project
The project addresses the current practice in Shandong of straw management at the end of the growing season which wastes a major potential source of biomass energy.In addition the collection of livestock and poultry manure and blackwater from farm households improves the management of agricultural and rural wastewater, currently discharged to the environment. The treatment of the wastes generates up to 140 million kWh of electricity per year or 35.2 million Nm³/ year of natural gas from each of the three installations which reduces reliance on coal fired power from the National grid. Finally, outputs from each waste recycling project are 320,000 tonnes per year of solid and liquid fertilizer which reduces excessive use of fertilizer which has resulted in soil acidification and reduced agricultural output in the past. The project supports the protection of agricultural resources and the reduction of point source pollution and provides an alternative fertilizer for fruit and vegetable production. The projectwill have a positive environmental impact on the areas surrounding the project.

[bookmark: _Toc521317751]Project Components
The project components at each of the three recycling installations include five farm collection areas up to 15 km from the centralised recycling facility with tanks for storage of manure and barns for storage of straw; trucks for transportationof the manure and straw to the centralized recycling facility; pre-treatment facility at the centralized plant with straw conveyor, coarse crusher and fine crusher; system of tanks, pumps, pipes for addition of manure to crushed straw and pumping to 14,400 m3 anaerobic  digesters, heating system for digesters from flue gases, dehydration and desulfurization process of methane to remove H2S; cogeneration of methane to provide electricity or natural gas;  waste heat management for plant use and tank heating; dewatering of digestion residue for solid fertilizer; and membrane enrichment process for liquid fertilizer.

[bookmark: 4.1_Efficiency_and_Regulation_of_Water_S][bookmark: _bookmark9][bookmark: 5._Work_Plan_and_Staffing][bookmark: _bookmark13][bookmark: _Toc500162512][bookmark: _Toc500163218][bookmark: _Toc500163287][bookmark: _Toc500227228][bookmark: _Toc521317752]Implementation Plan
Elon Energy proposes to complete the installation of three proposed agricultural and animal husbandry waste recycling projects in Shandong in one year- in 2019. In practice additional timing will be required for fund approvals and monitoring and 3 years have been allowed for survey, design, fabrication, construction and commissioning to full operation of each recycling facility.

[bookmark: 5.1_Work_Plan][bookmark: _bookmark14][bookmark: _Toc521317753]Assessment Criteria

[bookmark: _Toc521317754]Impact on GHG Emissions
The average annual electricity supply generation/saving at each of the three recycling plants is about 140 million kWh. Compared with coal-fired power plants, the national average coal consumption for power supply is 301 g/kWh. After commissioning,the project’s three recycling plants will save 126,400 tonnes of coal annually. The three projects will also reduce the annual emissionsof CO2 by 3.18 million tonnes.Table 4 shows the annual reduction of CO2 emissions for three agricultural and animal husbandry waste recycling projects.

Table 4:Annual Reduction of CO2 - Three Recycling Facilities
	No
	Recycling Plant
	Power generated/
grid power not used per year
million kWh
	CO2 reduction million tonnes/year


	1
	Qingzhou, Phase 1,  2 modules
	140
	1.06

	2
	Gaomi Phase 1,  2 modules
	140
	1.06

	3
	Caoxian County, Phase 1,  2 modules
	140
	1.06

	
	Totals
	420
	3.18



[bookmark: _Toc521317755]Paradigm Shift
The three county level biomass facilities in Shandong applies advanced circular design principles to gain greater value from the biomass resulting from anaerobic digestion of straw and animal wastes. Biogas produced is used for power generation at a cogeneration facility and the dehydrated digestion residue is a high-value organic fertilizer. Some of the electricity generated is used to maintain the digestion process and power the plant.

[bookmark: _Toc521317756][bookmark: 5.2_Project_Organization][bookmark: _bookmark15]Sustainability/Safeguards
The Project is designed to promote sustainability and maximize renewable energy sources.  Land use is moderate and requires 335mu (17ha) of land at each of the three projects for the construction of two module collection and recycling facilities. The Project is categorized B Environment; C for resettlement and C for indigeneous people according to ADB Safeguard Policy Statement (2009). No resettlement is required.  The project is environmentally sustainable and does not require the relocation of affected persons or affects their livelihoods.

[bookmark: _Toc521317757]Beneficiaries
The project will increase employment and household income by more than CNY16 million annually through straw acquisition and peripheral services. Direct beneficiaries of the project at the three locations Qingzhou, Gaomi and Caoxin once all phases of the project are complete in terms of temporary and long term employment total 11,475 persons (4 modules Qingzhou and Gaomi, six modules Caoxian.)  Phase 1 of the project with two modules installed initially at each location will provide employment for 4,776 persons. Refer to Table 5.

Table 5: Long Term and Temporary Employment, Project Phase 3
	Project name 
	Long-term employment (person) 
	Temporary employment (person) 
	Total 

	
	Direct employment 
	Raw Material transfer 
	Product Sales and Transportation 
	Agricultural cultivation 
	Raw Material Collection 
	

	Qingzhou Project 
	155 
	60 
	25 
	1,000 
	600 
	1,840 

	Gaomi Project 
	155 
	60 
	50 
	3,000 
	600 
	3,865 

	Caoxian County Project 
	205 
	90 
	75 
	4,500 
	900 
	5,770 

	Total (person) 
	515 
	210 
	150 
	8,500 
	2,100 
	11,475 




[bookmark: _Toc521317758]Financial and Economic Analysis

Project financial analysis was prepared to determine whether the investment in the biomass project is financial sound. Main financial benefit derives from sales of electricity and liquid/solid organic fertilizer. Cost derives from purchase of straw and operation and maintenance of the biomass plants. Projected in nominal terms the financial analysis shows a best case FIRR from the investments made of 19% over 10 years. There are however several risks associated with the project including technical construction and operation risks, risk associated with the pricing of fertilizer, and more, and sensitivity analysis show, that taking such risks into account the project return is closer to 10%.

Economic analysis was prepared to show the economic impact from the investments made. Apart from the economic value of the financial benefits and costs (taxes and increased household income to farmers) main co-benefits derive from reduction of pollution of CO2, SO2, NOX, soot, COD/BOD and methane. Economic prices on CO2 follows IPCC recommendation while others follow China trading prices – see project on Tele Communication Towers. Methane reduction from collection of green house plant waste was valued against cost of disposal at sanitary landfill site. Projected in real terms the economic analysis shows that the EIRR from the investments made could be of above 30% over 10 years.


Appendix A. Construction Cost Estimates

Cost estimation

A. Cost estimation of Qingzhou City:

Table 1. Construction Cost Estimation of Qingzhou
	System
	Construction Cost CNY10,000 

	Manure collection and storage system
	2,037.00

	Pre-treatment system for stored manure and collected straw
	1,348.76

	Anaerobic digestion system
	14,688.00

	Bio-gas power generation system
	7,710.00

	Digested waste fertilizer generation and storage system
	9,137.25

	Monitoring and survey system
	2,300.00

	Total
	37,221.01



Table 2. Other Cost of Qingzhou
	Items
	Cost (CNY10,000) 

	Land acquisition
	2,340.00

	Engineering design
	1,008.89

	Cost of project preparation
	661.82

	Implementation cost
	110.46

	Construction supervision
	102.22

	Insurance
	102.22

	Trial test
	110.46

	Engineering drawings review
	50.00

	Project EIA cost
	50.00

	Training
	10.00

	Total
	4,546.07


[bookmark: _GoBack]Total Construction and Other Cost Qingzhou   417.67 CNY Million 

B. Cost estimation of Gaomi City:

Table 3, Construction Cost Estimation of Gaomi
	System
	Construction Cost (CNY10,000)

	Manure collection and storage system
	4,074.00

	Pre-treatment system for stored manure and collected straw
	1,925.26

	Anaerobic digestion system
	14,688.00

	Bio-gas power generation system
	7,710.00

	Digested waste fertilizer generation and storage system
	11,137.25

	Monitoring and survey system
	2,300.00

	Total
	41,834.51



Table 4, Other Cost of Gaomi
	Items
	Cost (CNY10,000) 

	Land acquisition
	2,340.00

	Engineering design
	1,058.94

	Cost of project preparation
	700.00

	Implementation cost
	120.46

	Construction supervision
	112.52

	Insurance
	112.52

	Trial test
	120.46

	Engineering drawings review
	50.00

	Project EIA cost
	50.00

	Training
	10.00

	Total
	4,674.90


Total Construction and Other Cost Gaomi   CNY465.08 Million 

C. Cost estimation of Caoxian County:

Table 5, Construction Cost Estimation of Caoxian
	System
	Construction Cost (10,000 CNY)

	Manure collection and storage system
	4,074.00

	Pre-treatment system for stored manure and collected straw
	1,925.26

	Anaerobic digestion system
	14,688.00

	Bio-gas power generation system
	7,710.00

	Digested waste fertilizer generation and storage system
	11,137.25

	Monitoring and survey system
	2,300.00

	Total
	41,834.51



Table 6, Other Cost of Caoxian
	Items
	Cost (10,000 CNY) 

	Land acquisition
	2,340.00

	Engineering design
	1,058.94

	Cost of project preparation
	700.00

	Implementation cost
	120.46

	Construction supervision
	112.52

	Insurance
	112.52

	Trial test
	120.46

	Engineering drawings review
	50.00

	Project EIA cost
	50.00

	Training
	10.00

	Total
	4,674.90


Total Construction and Other Cost Caoxian   465.08 CNY Million 
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