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I. [bookmark: _Toc521318188]SUMMARY

[bookmark: 2.1_Project_Background][bookmark: _bookmark4]Shandong telecommunication towers, connected to the power grid, require daily electricity supply of up to 150 kilowatt-hours (kWh) per tower for mobile 3G/4G. These towers are in open, sun-drenched locations and ideal for distributed solar power generation. The proposed project (The Project) consists of the construction of 23,148 solar photovoltaic (PV) power generation installations on top of telecommunication tower base station structures in Shandong Province which will replace coal-fueled power generation and reduce CO2 emissions. 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 of the smart micro-grid set-up to operate telecommunication towers.  The project partly eliminates the grid sourced coal-powered generation substituted with solar / photovoltaic (PV). Each PV power plant will be integrated into the national power grid but will supply all of its generated power to the telecommunication tower. The capacity of each tower PV power station is 6.48 kW, comprising 18No 1.95X0.99 metre solar panels rated at 360 watts each. The project will replace 175 million kWh of grid- supplied power annually and will reduce 25 year CO2 emissions by 3.94 tonnes. The project is estimated to cost CNY1.154 billion ($180 million) [1:  Shandong Provincial Development and Reform Commission. 2017. Low Carbon Action Plan 2017 -2020. PRC.] 


II. [bookmark: _Toc521318189]BORROWER

The Linuo Power Group Company Ltd is the Borrower. This private company has a registered capital of 13 billion CNY, was established in 1994 and is registered in Jinan. The company has interests in solar energy, pharmaceuticals, glass manufacture and petrochemicals. The solar energy business represents 30% of the company’s business. Since 2014 the solar power business has focused on 100 MW solar power EPC projects to replace and augment grid power supply in rural and peri urban areas. The Linuo Company has installed 54 distributed power systems in Shandong in recent years to peri urban and rural communities ranging from 0.32 MW in Laoshan District to 6.21 MW in Zibo City. The company has signed agreements to supply 3 to 6 kW of solar PV generated power with the China's Tieta Group Tower Company in Shandong Provincewhich manages telecommunication towers in 70,000 towns in China. 
[bookmark: 4._Overall_Project_Implementation_Scheme][bookmark: _bookmark8]
III. [bookmark: _Toc521318190]PURPOSE OF FACILITY

Telecommunication towers are connected to China’s power grid and require 150 kWh per day for 3/4G telecommunication purposes. The potential for PV power generation to replace grid power for powering telecommunication towers is currently not exploited. The replacement of coal-fueled power generation will reduce GHG emissions and reduce air pollution, and will have energy saving, environmental and social benefits. The goal of making full use of renewable energy and saving non-renewable fossil resources will greatly reduce pollution of the environment.

There are nearly 10,000 telecommunication towers in Shandong. With the expected coming 5G network, the number of telecommunication tower is expecting to increase in the future. The Linuo Power Group Company proposes to install solar PV power generation installations on top of Tieta Group telecommunication tower base station structures in Shandong Province. Each PV power plant will be integrated into the national power grid and will supply from 20-25 kWh per day to each tower. The telecommunication towers require 150 kWh per day so about 15% of the required power is provided from PV, the rest from the grid. The capacity of each PV power station is 6.48 kW, comprising 18 No 1.95X0.99 metre solar panels rated at 360 watts each. The project will replace 175 million kWh of grid- supplied power annually. PV power generation will prioritize power supply to the communication tower. The Tower Company will pay Linuo 0.958CNY/kWh for 20 years, and the government subsidy to Linuo for the next 5 years will be 0.32CNY/kWh. The total fee for delivering PV for the first five years will be 1.278 CNY/kWh.

1. [bookmark: _Toc521317882][bookmark: _Toc521318191]Project Description

Physical Design- Solar PV Power Generation

PV Power Generation System

The 150 MW PV power generation plan is for the installation at each of 23,148 telecommunication towers 18 PV panels with a combined rating 6.48kW. The PV panels supply solar Direct Current (DC) power to an inverter to provide Alternating Current (AC) power for telecommunication tower demand. The 18 No 360W polysilicon solar cell modules are fixed in a galvanized steel structure and installed at an installation angle to the sun of20°.

Each 6.48kW PV solar power system is connected to the 380V power grid through an AC grid-connected box. The grid-connected power distribution box is used to provide grid power at night time and during winter. The distribution box includes the network-side circuit breaker and self-repairing system. Under-voltage protectors, switch-gate disconnectors and surge protectors are also installed. Maintenance is simple and convenient and improves system reliability and safety. An offsite computer monitoring system is provided with the installation. The GPRS data acquisition module is configured through each inverter of the PV power station, and the operational data is uploaded to the Linuo Cloud monitoring platform in real time, enabling remote monitoring of the power station. Typical examples of the proposed roof mounted solar PV power generation installations at telecommunication towers in Shandong are shown in Figures 1, 2 and 3.

Figure 1. A single 18 panel 6.48 kW PV Power Generation
Installation at Communication Tower Building
[image: C:\Users\John\Pictures\Linuo PV Tower Trip 27 March 2018\2018-03-27\20180327_142831.jpg]


Figure 2. 18 Panels Supported On Hot Dip Galvanized
Q235B Plain Carbon Steel Frame
[image: C:\Users\John\Pictures\Linuo PV Tower Trip 27 March 2018\2018-03-27\20180327_142453.jpg]

Figure 3. DC/AC Inverter, AC Grid-Connected Box
[image: C:\Users\John\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20180327_142449.jpg]


[bookmark: _Toc521318192]Map of Locations
The location of the 23,148 towers is throughout Shandong province. 

[bookmark: _Toc521318193]Features of Project
The project makes use of PV power generation at telecommunication towers in Shandong to demonstrate the potential of renewable energy sources in powering telecommunication systems. The systems are remotely monitored in real time by the Linuo Company to ensure reliable PV power delivery.  In this project, solar PV power stations are built on top of communication base station houses. The projects are being undertaken in areas rich in solar energy resources and suitable for use of PV systems from the analysis of solar energy resources. The replacement of coal-fueled power generation reduces GHG emissions and air pollution. Analysis of cost and revenue from the project shows a typical payback period of about 5 years.  The project is technically feasible and demonstrates financial and economic benefits.

[bookmark: _Toc521318194]Land Acquisition /Resettlement
No land acquisition and resettlement are anticipated. The solar PV panels are to be constructed on top of existing telecommunication tower base station structures on land owned by the Tower Company.

[bookmark: _Toc521318195]Cost Estimates by Activities
The total investment cost of the 150 megawatts Solar Power Project is estimated to be CNY1.15 billion ($183 million) under consideration for funding by the Shandong Green Development Fund (SGDF). Under the Project, China Tower will pay Linuo CNY0.958 / kWh for 20 years, and the government solar subsidy to Linuo for the next 5 years will be CNY0.32 / kWh. 30% of the funding CNY345 million will be provided by the Linuo and 70% CNY805 million by loan from SGDF with a repayment period of 10 years.

Table 1:  Total Investment 150MW Photovoltaic Power Project
	
	Component
	Cost Billion CNY

	1
	Construct 23,148 solar photovoltaic (PV) power generation installations at telecommunication towers to replace 175 million kWh of coal fired grid- supplied power annually 
	1.154

	
	Total investment   
	1.154



[bookmark: _Toc521318196]Project Rationale

[bookmark: _Toc521318197]Problems Solved by Project
Comprehensive energy-saving initiatives are required to reduce reliance on coal and reduce CO2 emissions. The key development issues addressed by the Project supporting the climate change policies of the Shandong provincial government which are the promotion of low carbon development demonstrating the potential for renewable energy, improved energy efficiency analysis, monitoring, and management to reduce GHG emissions.

[bookmark: _GoBack]By replacing 175 million kWh of grid-supplied power annually, the Project contributes to the decarbonization of Shandong and supports its Low Carbon Development Action Plan (2017-2020) to double the share of renewable energy by 2020.  This Project also helps Shandong’s CO2 emission to peak around 2027, three years earlier than the national commitment under the Intended Nationally Determined Contribution (INDC). 

The Twelfth Five-Year Plan for China's National Economic and Social Development issued in March 2011 called inter alia for the development of solar thermal utilization and photovoltaic thermal power generation.

China Tower is a communications infrastructure integrated service company established on July 18, 2014 and approved by the State-owned Assets Supervision and Administration Commission. It is jointly funded by China Telecom, China Mobile and China Unicom. It is engaged in the construction of supporting facilities for communication towers and other base stations. The total number of company towers in China is about 1.7 million, making it the world's largest communications infrastructure service company. The establishment of the China Tower Company is conducive to reducing the duplication of steel telecommunication towers. 

China Railway Tower Company, Ltd. Shandong Branch (hereinafter referred to as "Tower Company") issued the "Notice on Promoting Microgrid Projects in the Province" (Construction [2017] No. 5) in March 2017. The Tower Company was seeking company investment to build base station microgrid distributed photovoltaic grid-connected power generation systems by sharing the site of the base station room and the roof. The property rights of the base stations built in this project belong to the company.

A “Base Station Microgrid Cooperation Agreement” was signed between a Linuo company “Shandong Blue Power Co., Ltd.” (Blue Power) and China Railway Tower Co in February 2017.  Blue Power is responsible for building PV power stations on the roof of the Tower Company’s base station. After completion of the 18 panels solar PV system, PV generated power will be sold to the Tower Company at an electricity price of 0.958CNY/kWh for the first 20 years and Linuo will receive a government subsidy of 0.32 CNY/kWh for the next 5 years. Blue Power will pay 1,000 CNY/station equipment maintenance fee to the Tower Company each year for each tower building roof used to generate PV power.

[bookmark: _Toc521318198]Project Components
This project uses the Tower Company’s vacant base station roof to build PV power stations to provide about 15% of the power each telecommunication tower actually requires thereby increasing the proportion of renewable energy generation in Shandong’s energy structure. The construction of the project is in line with the national energy policy and strategic development requirements and contributes to energy conservation and air pollution emission reduction from coal powered power stations. 

The project components at each of 23,148 telecommunication tower structuresincludes 18 No 360 W polysilicon solar cell panels, a hot-dipped galvanized Q235B plain carbon steelframe structure to which the panels are attached, a 6 kW three-phase string DC/AC inverter, an AC grid-connected power distribution box, three electricity meters,(PV supply, grid supply, PV back feed to grid), a network-side circuit breaker, under-voltage protectors, switch-gate disconnectors, surge protectors, necessary cables, a UPS/battery backup power system and a real time, offsite PV function monitoring system in the Linuo Company home office.The PV installations are unattended but daily inspections are conducted by the communication base station inspectors.

[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: _Toc521318199]Implementation Plan
The Linuo Company proposes to complete the installation of 23,148 PV generation systems on unused rooftops of telecommunication tower equipment buildings in 12 months using local contracted construction teams. The proposed supply, manufacturing and construction process is shown in Figure 4.

Figure 4 Implementation Plan
[image: ]
[bookmark: 5.1_Work_Plan][bookmark: _bookmark14][bookmark: _Toc521318200]Assessment Criteria

[bookmark: _Toc521318201]Impact on GHG Emissions
The Project enables 52,500 tons of coal substitution annually and reduces CO2 emissions by 3.94 million tons over the 25 years’ lifetime of the Project. 

Table 2: Annual Reduction of GHG Emissions
	No


	Project Component
	Power generated per year
23,148 towers,
million kWh
	CO2 reduction tonnes/ year, 23,148 towers
	CO2 reduction million tonnes/       25 years, 23,148 towers

	1
	Develop PV power generation at 23,148 telecommunication towers 
	175
	157,623
	3.94

	
	Total 
	
	157,623
	3.94



[bookmark: _Toc521318202]Paradigm Shift
The project demonstrates how in Shandong Province 175 million kWh of coal fueled grid supplied electric power required to power 23,148 telecommunication towers can be replaced by a source of renewable energy generated from PV panels located on the unused rooftops of communication tower buildings. The replacement of grid supplied power reduces GHG emissions. The Linuo Company has contracted with the Telecommunication Tower Company which operates 1.7 million telecommunication towers throughout China to expand the development of rooftop PV in 70,000 towns. Based on the success of the pilot in Shandong province, the company proposes to expand roof top PV generation to Hebei and Liaoning Provinces to demonstrate how unused industrial and residential rooftops can be utilized to increase the proportion of renewable energy in provincial energy make up thereby reducing reliance on coal fired generation whilst further reducing GHGs and air pollution.

[bookmark: _Toc521318203][bookmark: 5.2_Project_Organization][bookmark: _bookmark15]Sustainability/Safeguards
The Linuo Solar Tower installations are designed for sustainability and employ renewable energy sources to reduce GHGs.  The Project is designed to maximize renewable energy sources and is categorized B Environment; C for resettlement and C for indigenous people according to ADB Safeguard Policy Statement (2009). Land use is minimal as the PV panel modules are fixed to unused tower building rooftops. The renewable power generation process does not generate gaseous emissions, wastewater and solid waste. The project is environmentally sustainable and does not require the relocation of affected persons or affect their livelihoods.

[bookmark: _Toc521318204]Beneficiaries
Direct beneficiaries are the millions of 3G/4G users in Shandong. China Tower is trailblazing the adoption of transformational renewable energy strategies to reduce its greenhouse gases (GHG) emissions. Shandong Province’s mix of renewable energy will increase to meet its targets.

[bookmark: _Toc521318205]Green Climate Fund Investment Criteria: Advanced.
[bookmark: _Toc516926655]The replacement of grid-supplied power by renewable energy to power mobile 3G/4G telecommunication substitutes coal fueled generation and reduces GHG emissions. Based on the success of the pilot in Shandong, Linuo proposes to expand rooftop solar generation to Hebei and Liaoning Provinces and thus increasing the proportion of renewable energy used for telecommunication. The Project is inclusive and allows the development of mobile 3G/4G and information communication technology to locations with limited access to electricity.
[bookmark: _Toc521318206]Financial and Economic Analysis
Project financial analysis was prepared to determine whether the project investments are financial sound. Main financial benefit derives from contracted delivery of electricity to China Tower Corporation. For providing a conservative estimate China Governments’ subsidy was excluded due to uncertainty of its continuation. Costs of operation and maintenance are offset by a contracted maintenance fee paid by the Tower Company. Projected in nominal terms the financial analysis shows an expected FIRR from the investments made of 13% over 20 years, which is found satisfactory.

Economic analysis was prepared to show the economic impact from the investments made. Apart from the economic value of the financial benefits main co-benefits derive from reduction of greenhouse gases and other pollutants. Following the recommendation of IPCC, the pricing of CO2 was valued at USD36.30 per ton in 2016 prices with increase of 2% annually in real terms to allow for the potential of increasing marginal damage of global warming over time. This value is generally in line with China NDRC suggestion of a value not below CNY 200 per ton. As most of the CO2 savings derives from reduction of electricity from coal fired thermal power, additional co-benefits are expected from reduction in SO2, NOX and soot. Adding the economic value of such reduction the total economic co-benefits increase by additional 50% - overall. Projected in real terms the economic analysis shows an expected EIRR from the investments made of 19% over 25 years, which is found satisfactory.
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