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A. Background 
 
1. Shandong Province is in the south-east part of great Beijing–Tianjin–Hebei (BTH) region 
as shown in Figure 1.1 The total territory of Shandong is 155.8 thousand square kilometers (m2) 
with 100.05 million population.2 The local gross domestic product in 2017 was CNY7.27 trillion 
which was ranked the third largest provincial economy in the People’s Republic of China (PRC).3 
Shandong consumed 409.4 million tons of coal in 2016, ranked the largest coal consumer in the 
PRC. Coal accounted 90% of the energy mix for heat supply as shown in Figure 2.4 Meanwhile, 
the residents consumed 2.84 million tons of raw coal and 3.73 million tons briquettes for cooking, 
hot water and space heating. Heavy reliance on coal makes Shandong a substantial contributor 
of air pollution in the country. 
 

Figure 1 The Map of Greater BTH Region 

 

                         
1  The greater Beijing–Tianjin–Hebei region refers to Beijing and Tianjin municipalities; Hebei, Henan, Liaoning, 

Shandong, and Shanxi provinces; and Inner Mongolia Autonomous Region. 
2 Permanent residents by the end of 2017. Government of the Shandong Province, Shandong Provincial Economy and 

Social Development Statistics. 2017. Provincial Bureau of Statistics of Shandong.  
3 Government of the Shandong Province, Shandong Provincial Economy and Social Development Statistics. 2017. 

Provincial Bureau of Statistics of Shandong. 
4 The calculated results are based on Energy Balance Sheet of Shandong Province. 

http://www.adb.org/Documents/RRPs/?id=51418-001-3
http://www.adb.org/Documents/RRPs/?id=51418-001-3
http://www.adb.org/Documents/RRPs/?id=51418-001-3
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Figure 2 Fuel input mix for heat generation in Shandong, 2016 

 

Source: National Bureau of Statistics, PRC, China Energy Statistical 

Yearbook 2017 (calculated based on the data from energy balance sheet） 

 
2. Although Shandong has made great efforts on tackling air pollution issues, including (i) 
the shutdown of 7,969 sets of small coal-fired boilers and 1.2 gigawatt (GW) small-scale coal-
fired power generators, and (ii) retrofit 541-set coal-fired power generators and 624-set coal-fired 
boilers to reduce their emissions by the end of 2016, the annual average concentrations of most 
pollutants are still higher than the national average levels and do not meet the national air quality 
standards. Jinan, the capital city of Shandong Province, ranked ninth among 74 major cities in 
the PRC, and first in Shandong Province for poorest air quality. Table 1 shows the annual 
concentrations of main air pollutants in Jinan, Shandong and the PRC compared to national air 
quality standards. 
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Table 1 Annual Concentrations of Main Air Pollutants in micrograms per cubic meter 
(μg/m³) 

 PM2.5 PM10 SO2 NO2 

Jinan 73 144 38 45 

Shandong 66 120 35 38 

PRC 47 82 22 30 

National standards 
(category II) 

35 70 60 40 

NOx = nitrogen oxides, PM2.5 = particulate matter less than 2.5 micrometers in diameter, PM10= particulate matter less 

than 10 micrometers in diameter, SO2 = sulfur dioxide.  

Source: Jinan Municipal Bureau of Environmental Protection. 2016. The 2016 Bulletin on the Jinan Municipal Air Quality. 

Jinan. 

Shandong Provincial Bureau of Environmental Protection. 2016. The 2016 Bulletin on the Shandong Air Quality. Jinan. 

Ministry of Environmental Protection PRC. 2016. The 2016 Bulletin on the China Air Quality. Beijing 

Ministry of Environmental Protection PRC. Ambient Air Quality Standards (GB3095-2012) 

 
3. The annual concentration of PM2.5 attributable to coal in Jinan is 52 μg/m3, more than 70% 
of total PM2.5 concentration levels. During the winter, PM2.5 attributable to coal use is even higher 
at 61 μg/m3.5 Coal-based heating is the major cause of rising levels of air pollution during the 
winter. Developing a cleaner, innovative heating and cooling system could reduce emissions from 
the residential sector, and lead to dramatic air quality improvements, especially in highly polluted 
areas during the heating season. 
 
4. There are many effective ways and best-available cleaner technologies to be used to 
reduce fossil fuel consumption and pollutant emissions from heating supply. The high upfront 
capital costs, reliability of new technologies and uncertain operation cost are main concerns for 
adopting new and cleaner technologies. The proposed project will implement three clean heating 
and cooling subprojects to accelerate air pollution abatement in Shandong Province, mainly in 
Jinan area as shown in Figure 3. The project will demonstrate the utilization of diversified heating 
resources, reliable heating supply technologies and efficient management skills.  
  

                         
5  Jinan Institute of Environmental Protection Science and National Laboratory for Particulate Matter Control in Key 

Cities. 2016. Analytic Results of Sources Apportionment for Airborne Particles in the Environmental Quality of Jinan 
City. Jinan. 
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Figure 3 Map of Jinan and Locations of Subprojects 

 
 
5. Jinan Thermal Power Co., Ltd. (JTPC) and Jinan Heating Group (JHG) are the 
implementing agencies (IAs) for the proposed project. JTPC will implement subproject I “West 
Jinan Waste Heat Utilization and Clean Energy Project.” JHG will implement subproject II “East 
Jinan Low-Emission Combined District Heating and Cooling Project” as well as subproject III 
“Shanghe Coal-Free Clean Heating Demonstration Project.”  
 
B. Subproject I: West Jinan Waste Heat Utilization and Clean Energy Project 

 
6. This project includes three components:  

• Retrofitting the heat network to provide heat supply using industrial waste heat as 
the main heat source to reduce coal use; 

• Constructing a biomass-based combined heat and power (CHP) plant to maximize 
the utilization of renewable resources available in the area; and 

• Installing geothermal/heat pump-based distributed heat supply equipment in areas 
not covered by a heating network. 

     
I. Introduction of the IA 

 
7. JTPC was established in March 2008. As of December 2017, JTPC has a registered 
capital of CNY950 million. It is mainly engaged in the business of steam, hot water, electricity 
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generation and supply and heating supply and the related technical consulting and maintenance 
services. It owns 10 thermal plants and district boiler houses, 84 sets of efficient coal- and gas-
fired boilers with 4,657 tons per hour (t/h) of capacity in total, 2,200 kilometer (km) of heating 
supply pipelines, and renewable energy (mainly air-source and ground-source heat pumps) 
heating supply projects in 21 sites with total capacity of 45.4 megawatt (MW). The authorized 
heating supply area covered by JTPC is about 70 million m2, making it the top 2 heating suppliers 
in Jinan City. 
 

II. Technology adopted 
 

8. JTPC supplies heat to office buildings, residential buildings, and industrial enterprises in 
the western part of Jinan city. Traditional fossil fuels, coal and natural gas are the sources for 
generating heat through CHP and heat-only facilities. In 2017, JTPC consumed 872,500 tons of 
raw coal and 47.95 million cubic meters of natural gas. In order to reduce coal consumption and 
emissions, several clean resource alternatives are being considered to provide heating for the 
area. Various cleaner, efficient and cost-effective technologies will be included in this subproject 
to reduce air pollution caused by winter heating.  
 

III. Large temperature difference waste heat exchange technology 
 

9. Waste heat is the cleanest source for heat supply, which only needs a small amount of 
electricity to transport the waste heat from the source industrial or power plant to the customers. 
There are many industrial waste heat sources around Jinan as shown in Figure 4. The waste heat 
has limited utilization because of its relatively low temperature (below 150℃) and is referred to as 
low-heat value source, but its temperature is still higher enough for space heating. In the past 
decades, due to the considerable amount of heat loss for long-distance transport, only a very 
small amount of waste heat was used to supply heat to the customers who normally reside near 
to the heating sources. Most of the waste heat was released to the atmosphere. As the material 
and insulation technology improved, long-distance heat transport is no longer an issue. A long-
distance pipeline will be built to bring waste heat from Xinyuan Power Plant (3×700 MW air-cooling 
gen-sets）and Haoji Power Plant（2×360 MW + 2×350 MW water-cooling gen-sets）to west Jinan 
as marked red stars in Figure 4. The waste heat will be the main source of district heating for the 
area in the near future. It will supply heat to about 80 million m2 of buildings during winter season, 
with a design capacity of 3,440 MW. By 2020, west Jinan will achieve coal-free heat supply. 
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Figure 4 Waste Heat Sources around Jinan 

  
 

10.  To improve the efficiency of the long-distance pipeline, “large temperature difference” 
technology is adopted for transporting waste heat to the city, which will increase the heat transport 
capacity for more than 50% using the same pipelines and same time reduce electricity 
consumption for cycling pumps. The large temperature difference is achieved by lowering the 
temperature of return water to the primary pipeline. All heat exchange stations and energy stations 
in the project area must switch to large temperature difference heat exchangers to match the 
primary network. The large temperature difference heat exchanger is an absorption heat pump-
based heat exchanger, which replaces traditional plate heat exchangers to get return water 
temperature below 30℃. This heat exchanger is actually a heat pump which is driven by high 
temperature water from the primary network (details can be found in the “heat pump” section 
below). It absorbs additional heat from return water from customers, and further lowers the 
temperature of return water to the primary network. By using the heat absorption-based 
exchanger, the temperature of supply and return water changed from 125℃–120℃/50℃–60℃ to 
125℃–120℃/20℃–15℃, thus the temperature difference increased to 105℃ from the original 
60℃.  
 

11. Based on the current status of the existing energy stations, three kinds of retrofitting will 
be designed and carried out: (i) install large temperature difference heat exchangers if there is 
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enough space; (ii) build new relay stations with large temperature difference heat exchangers 
between the long-distance pipeline and the energy stations where there is no sufficient space to 
install the new exchangers; and replace plate exchangers with fixed tube-sheet exchangers in 
those energy stations. The temperature of return water to relay station will be kept below 50℃; 
(iii) build a pressure isolation heat exchange station between the long-distance pipeline and 
energy station or relay station in high terrain areas. The layout of district heating system is shown 
in Figure 5. 

 
Figure 5 District Heating System  

 
IV. Biomass-based CHP  

 
12. There is an industrial park with industrial and business customers located in west Jinan, 
where year-round heat supply needs to be provided to both production process and space heating. 
As heat source plants are far away from the industrial park and long-distance pipeline will need 
to be used to supply heat in non-heating season, which will not be financially viable, therefore a 
new heat generation facility is needed in the area. There are two types of sources available for 
heat generation in this area: biomass and natural gas. Due to its carbon neutral nature and the 
associated reduction of open burning, biomass is recommended and selected for this subproject.  
 
13. A feedstock assessment was taken to ensure the availability of agriculture waste in the 
selected site (within 50 km diameter). The result showed that the annual agriculture waste output 
(including corn stack, wheat straw and others) is about 1.6 million tons and the CHP plant will 
consume only 186,600 tons of biomass which is about 12% of the available.  
 
14. There are several technologies to be used to generate heat using biomass:  

• Option 1: direct combustion of agriculture waste: there are issues associated with 
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this technology, which lead to low efficiency, including (i) the calorific density and 
physical density of primary straw is very low, (ii) the transporting cost of the 
agriculture waste is very high, and (iii) it is difficult to control the moisture and 
combustion speed. 

• Option 2: biomass pellets/briquette production for heat generation: Primary straw 
is mechanically compressed to form pellets or briquettes with specific size and 
shape. Pellets can effectively increase energy density of biomass fuel to facilitate 
its storage and transport and same time significantly improve its combustion 
efficiency. Most biomass boilers for heat production use pellets or briquette as fuel 
in the PRC. The electricity consumption for pellets production is about 50kWh/t. 

• Option 3: straw – biogas – turbine/boiler -- heat: the technology uses straw as 
feedstock to produce biogas in digesters. There are issues associated with the 
digestion process, such as (i) the current technology adopted can’t remove the 
acidic gas generated from the straw in the digester, therefore the digestion process 
is poisoning by the acidic gas and stopped; (ii) the project operation is often 
stopped by feeding problem because of the low fluidity of feedstock; and (iii) the 
low ammonia and phosphorus and high lignocellulose contents in straw make the 
digestion more difficult which results in more investment on digestion facility 
construction and low biogas output ratio. Even with the project subsidy from the 
government, most of these projects lose money.6 

• Option 4: straw – gasification – turbine/boiler – heat: The gasification of straw 
transforms straw from solid form into combustible gas. PRC’s biomass gasification 
technology still has problems to solve, such as small-scale, low gasification 
efficiency, low LHV of gas, high tar content, etc.  The low gasification efficiency 
makes the economic performance of the technology bad.  

 
15. Based on the comparison of above options, the project adopts option 2. This biomass-
based CHP plant will install 2×75-ton high temperature, high pressure circulating fluidized bed 
boilers and 2×15 MW condensing steam turbines with extraction. The layout of the plant is shown 
in Figure 6. This plant could supply about 510,624 gigajoule (GJ) of heat to the heat network and 
generate electricity of 133 GWh per year. This produced heat can meet the heat demands of 
1.536 million m2 buildings in winter season. Ten straw collection and pellets production stations 
with 20 to 35 thousand tons storage capacity each will be built by local businesses. JTPC also 
conducted a survey on exiting pellets production plants nearby the CHP plant in Shandong and 
Hebei. There are 26 pellets production plants with total capacity of 601,300 tons per year. These 
plants secure the fuel supply further.  
 

                         
6  Zhang Wei, Zhang Meiling, and Sun Xiaomei. Current Situation and Development Trend of Straw Biogas Project in 

China (in Chinese). Agriculture and Technology. No.4. 2016. 
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Figure 6 Typical layout of biomass CHP (from http://www.bios-bioenergy.at/en/electricity-
from-biomass/steam-turbine 

 
 
16. Using biomass for heat generation will have the following benefits: 

• Reduce coal consumption for heat and power generation; 
• Reduce straw burning at open fields; 
• Replace natural gas to meet peak heating loads, or to provide a back-up system; 
• Save energy and reduce emissions  
• Increase income of locals.  

 
V. Heat pump 

 
17. A heat pump is a device that absorbs heat from a source at low temperature, increases 
the temperature of the transferring medium containing this heat by consuming a relatively smaller 
amount of external high-quality energy, and then releases that heat at a higher temperature than 
the source. Thus, heat pumps move thermal energy in the opposite direction of 
spontaneous heat transfer, by absorbing heat from a colder space and releasing it to a warmer 
one, in the process consuming small amount of energy. This is similar in principle to an air-
conditioner or refrigerator but operated in reverse to achieve heating instead of cooling. 
 
18. Based on the different heat sources, heat pumps are classified into three types:  

(i)  Air source heat pump. This technology utilizes an air source to obtain low-
temperature heat. Through the condenser or evaporator from traditional air 
conditioning equipment, the heat is extracted or released by/from the air by heat 
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exchange. The energy is then transferred into the building by a circulation system 
to meet residents’ demands for hot water and space heating. The air source heat 
pump working principle diagram is shown in Figure 7.  

 
Figure 7 Diagram of Air Source Heat Pump 

  
 

(ii)  Water source heat pump. The working principle of this technology is similar to an 
air source heat pump, except that it obtains heat from a water body such as 
sewage plant, lake, and industrial process water etc. A water source heat pump 
pushes working fluid through the piping network and this fluid absorbs the heat 
from the surrounding water as it goes. This allows much larger amounts of heat to 
be carried than the air flow through a given pipe or duct with same cross-section. 
This working fluid is then compressed by an electric compressor to raise the 
temperature. A heat exchanger can then be used at the other end to exchange 
heat from the working fluid, for space heating, water heating and other applications. 

(iii)  Ground source heat pump. This technology uses shallow-ground heat 
exchangers as a heat source or sink. Ground source heat pumps work in the same 
manner as other heat pumps, but exchange heat with the ground and boost it to a 
higher temperature using air source/water source heat pump. This heat is then 
used to provide heating or hot water. Ground source heat pumps are simple and 
often more reliable than air source heat pumps as they do not need fan or 
defrosting systems and can be installed inside of a building. Although a ground 
heat exchanger requires a higher investment cost, but the annual operational cost 
is lower for ground source heat pump as its efficiency is higher than the air source 
heat pump. 

 
19. Essentially, the heat pump performs the same role as a boiler does in a district heating 
system, but transports ambient heat from air, water or the ground, rather than burning fuel to 
provide heat to the clients. The heat pump can be driven by electricity, steam/hot water or natural 
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gas. Electricity driven heat pumps are used widely. The steam/hot water driven heat pumps work 
in the same way as steam turbine. If a cheap steam/hot water available, it is a good option to 
adopt. The natural gas driven heat pump is a new technology. Considering the losses in electricity 
generation and transmission, the integrated efficiency of natural gas driven heat pump is more 
efficient than the electricity driven heat pump and gas fired boilers as shown in Figure 8. It is a 
good option when switching coal to natural gas with less natural gas consumption which will lead 
to improved air quality.  
 
20. The project will use all three types of heat pumps in different locations based on the 
availability of energy supply, heat network coverage etc. The steam-driven heat pumps (combined 
with waste heat) will supply heat to 86.22 million m2 buildings, natural gas-driven air-source heat 
pumps supply heat to 1.45 million m2, electricity-driven air-source heat pumps supply heat to 
50,200 m2, and electricity-driven ground-source heat pumps supply heat to 128,000 m2. 
 

Figure 8 Comparison of Overall Efficiency of Natural Gas to Heat

  
 

VI. Geothermal energy for heating 
 

21. Jinan is endowed with geothermal resources as shown in Figure 9. There are three options 
for geothermal-based heating: (i) heating from shallow-ground source and heat pump, (ii) 
reinjected deep-well geothermal hot water for heating; (iii) single-deep-well geothermal for heating.  
 

 

100-unit natural gas 
input

Power plant
efficieny 45%

transmission loss 
6.66%

Electricity-driven heat 
pump

COP 3.0
127-unit heat output

NG driven heat pump
COP 1.42

142-unit heat output

Gas-fired boiler
efficiency 85% 85-uint heat output
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Figure 9 Geothermal Source in Jinan 

 
22. Shallow-ground source heating involves extracting geothermal energy from soil or 
ground water at around 16℃ via heat exchange tubes buried at a depth of 80–120 meters, then 
using a heat pump to increase the temperature to around 50℃. The advantages of this technology 
are: (i) deep drilling technology is not needed, and there is minimal impact on groundwater 
resources; (ii) the coefficient of performance (COP) of shallow-ground source heat pump is above 
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4, which is higher than air source heat pump or electric boiler, etc., and (iii) no need to have 
detailed geothermal resource survey data. However, this technology also has some drawbacks, 
mainly because multiple shallow wells may be needed to draw enough thermal energy. Generally, 
the proportion of areas for buried tube against heating area is 1:3. Hence, it is limited to heat up 
small areas. Secondly, a large amount of electricity will still be consumed by the heat pump during 
the heating period. The power consumption is 39 kWh for heating per m2 per heating period 
(counts as 15 hours per day, 120 days per year). In addition, heating and cooling imbalance may 
lead to the decay of geothermal energy after few years of operation. 
 
23. Reinjected deep-well geothermal for heating involves extracting underground water at 
50℃–60℃ from 1,000–2,000 meters’ deep underground and exchanging heat via indirect 
counterflow heat exchangers for heat supply (as shown in Figure 10). The water extracted from 
the underground will then be filtered and recharged back to underground. The whole system 
consists of geothermal well, pump room, and pipe networks. Among those the water pump is the 
only energy-consuming equipment. Compared to shallow-ground source heat pump, reinjected 
deep-well geothermal for heating has the tri-fold advantages of occupying less land, requiring less 
electricity, providing stable heating and low maintenance cost. However, the associated 
environmental risk on underground water quality needs to be fully mitigated, including the 
extracted water is filtered and 100% recharged back to the same aquifer. To maximize the heat 
from the underground, some heat supply stations also install secondary heat pumps to boost the 
return water to a slightly higher temperature, particularly when there are customers using floor 
heating system which requires a lower temperature heat source than the radiating heater system. 
  



14 

 
Figure 10 Diagram of Deep-well Geothermal Heating Supply  

 

24. Single-deep-well option involves extracting underground heat from the depth of 2,000–
3,000 meters via cycling water in the installed heat exchangers at heat wells as shown in Figure 
11. The temperature of cycling water out of heat wells will reach as high as 30℃. The water goes 
through heat pump to increase the temperature to around 50℃ and then to the customers. This 
option combines the advantages of the first two options: (i) It uses high temperature geothermal 
source in a deeper depth. Thus, the heat exchanger has a higher efficiency than the heat 
exchange tubes that shallow-ground source heating system used, and (ii) No underground water 
is used, to minimize the impacts to underground water quality and no rejection wells are needed. 
This option needs relative high investment but with low operation and maintenance cost. It is a 
promising technology for urban areas with less spaces.  
 
25. Weighing among the three technologies explained above, the project adopts the latter 
two technologies for heating in most areas.  
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Figure 11 Single-deep-well Geothermal Heat Supply 

 

26. Various energy saving measures are taken by this subproject: (i) all motors are 
environmental friendly and energy efficient and equipped with an alternating current variable 
frequency drive to enable stepless variable speed regulation (compared to conventional motors, 
the selected motors could save 20% of electricity); (ii) it uses a polyurethane insulation layer on 
buried vertical-run high density polyethylene insulated tubes to achieve higher heating network 
transmission efficiency up to 98%; (iii) smart equipment is used to achieve better energy efficiency, 
such as integrated temperature transmitters and electromagnetic flowmeters to control 
parameters including water temperature and operation frequency; (iv) geothermal water will be 
recharged back to underground after circulation in the heat exchanger; (v) power compensators 
and harmonic control devices will be installed to reduce power loses; (vi) the heat system is 
designed and controlled by taking the varying heat loads from efficient buildings and winter break 
of schools into consideration; and (vii) retrofits existing buildings to energy efficient ones by using 
insulation materials, better sealed windows and door; and installing heat meters to reduce heat 
loss. 
 

VII. Distributed Gas-fired boiler 
 

27. Although gas-fired boiler is a conventional technology, its advantages of high combustion 
efficiency, low emission, low maintenance cost and easy to control make it a favorable option to 
many heat suppliers. There are four newly-built residence communities with total area of 980,000 
m2 where the heating network does not cover. Gas-fired boilers are selected to supply heat to 
these communities. After the heating network is extended to these areas in the future, the gas-
fired boilers will be used as backup or peak supply source.    
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VIII. Estimated Energy Savings and Emission Mitigation 

 
28. As coal consumption is reaching its peak in Jinan, coal-based heat sources will be 
gradually replaced by other clean sources to reduce air pollution and improve environmental 
quality in Jinan. The subproject components and their baseline are listed in Table 2. 
 

Table 2 The construction items and the baseline of the project 
Subproject Baseline 

Subproject Components 
Heating area 

（1,000 m2） 

Energy 

source 
Energy consumption  

Baseline 

Technology 

Energy 

kind 
Energy consumption 

Large temperature 

difference waste heat 

exchange technology 

80,000 

Waste heat 

 

Electricitya 

-- 

 

96GWh 

District coal-

fired heating 

Coal 

Electricity 

1,178,039.8tceb 

363.5GWhc 

Air source heat pump 

1.88 MW 
50.2 Electricityd 0.542GWh 

Gas-fired boilere 

51.6MW 
980 

Natural gas 

Electricity 

11,471,684 m³ 

1.274GWh 

Gas-driven heat pumpf 

67.5MW 
1,451.5 

Gas 

Electricity 

21,662,343.41m³ 

13.37GWh 

Geothermal energy 

4.72MW 
128 Electricityg 1.77GWh 

Biomass-based CHP 

(Heat supply) 
1,536 Biomass 186,600t 

Biomass-based CHP 

(Power supply) 
-- -- -120.7GWh 

Coal-fired 

power 

generation 

Coal --f 

Total 84,145.7 

Electricity 

(net) 

Natural gas 

Biomass 

-7.744GWh 

 

33,134,027.41 m³ 

186,600t 

 

Coal 

Electricity 

1,178,039.8tce 

363.5GWh 

a  Based on operating experience of JHC, electricity consumption intensity of heat-exchange and energy-relay sub-

stations is about 1.2kWh/m2/a. 
b Based on operating data of JTPC, in 2017-2018 heating season, coal consumption intensity was 0.014tce/m2/a. 
c  Statistically, electricity consumption intensity for CHP is 4.32kWh/m2/a 
d  Based on operating experience of JTPC, electricity consumption intensity of air source heat pumps is 

0.108GWh/10,000 m2/a. 
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e  Based on operating experience of JTPC, gas-fired boiler consumes 117,058Nm³ of natural gas and 13MWh of 

electricity to provide heat for 10,000 square meters per year. 
f  Based on operating experience of JTPC, gas-driven heat pump consumes 14.92m³ of natural gas and 9.21kWh of 

electricity to provide heat for one square meter per year. 
g  Based on operating experience of JTPC, electricity consumption intensity of deep-well geothermal heating is 13.8kWh/

㎡/a. 
h  The electricity supplied by biomass item offsets some electricity consumption of other items in the project. 

 

29. The project generates 7.744 GWh of power and consumes 33,134,027.41 m³ of natural 
gas and 186,600 tons of biomass annually. The energy consumed is about 132,015.7 tons of coal 
equivalent (tce). This subproject can replace 1,178,039.8 tce of coal-fired heating and 363.5 GWh 
of coal-based electricity, or totally 1,299,547.13 tce.7 Thus, the project saves 1,167,533 tce 
annually. 
 
30. In emission calculation, the emissions from large scale coal-fired boilers and gas-fired 
boilers in line with national standards in GB13271-2014 Air Pollutants Emission Standards for 
Boilers and the calculation is based on formulas for exhaust generation of coal-fired boilers in 
Environmental Statistics Handbook8and Environment Protection Practical Data Handbook.9 The 
emissions from power generation are calculated based on emission factors in the China Power 
Sector Annual Development Report 2017 issued by CEC (China Electricity Council). The 
calculation of PM2.5 emission from coal, natural gas and electricity generation adopts emission 
factors in Technique Guidance for Emission Inventory of Primary Fine Particles. The emissions 
from biomass-based CHP are calculated based on the emission factors from Technical Guidance 
for Emission Inventory of Biomass Burning issued by Ministry of Environment Protection. 
Emission reduction is listed as follows： 

 
  

                         
7 According to the China Power Sector Annual Development Report 2017 issued by CEC (China Electricity Council), 
coal-fired power plant above 6000Kw consumes 312gce to produce per kWh of electricity. Take 6.66% as the loss of 
transmission. Based on the heat value, per cubic meter of NG is converted to 1.21kgce. According to the project 
report, the heat value of biomass used is 14.84MJ/kg, representing 1.97t (biomass)/tce. 
8 Fang Pinxian, Jiang Xin, Xi Yuanfu. Environment Statistic Handbook. Sichuan Science and Technology Press, 
December 1985 
9 Mingcao Hu. Environment Protection Practical Data Handbook [M]. Mechanical industry, 1990. 
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Table 3 Emission reduction 

 
CO2 

emission (t) 

SO2 

emission(t) 

NOX 

emission(t) 

PM 

emission(t) 
PM2.5 (t) 

Baseline 

(coalaand 

electricityb) 

3,350,117.66 3,813.72 3,802.81 641.07 572.16c 

Electricityd -5,616.72 -3.02 -2.79 -0.62 -0.55e 

Natural Gasf 64,943 20.11 80.45 8.04 0.99 

Biomassg -- 26.12 130.15 208.99 177.27 

Emission 

Reduced 
3,290,792 3771 3595 425 394 

a According to Air Pollutants Emission Standards for Boilers (GB13271-2014), the PM, SO2, 

and NOx emission standard is 50mg/m³, 300 mg/m³, and 300 mg/m³respectively. Burning 

1 kg standard coal produces 10.39 Nm³ waste gas and burning 1 t standard coal produces 

2.62 t CO2. 
B  Based on the China Power Sector Annual Development Report 2017 issued by CEC 

(China Electricity Council), the PM, SO2, and NOx emission factor of thermal power 

generation was 0.08, 0.39, and 0.36gce/kWh respectively in 2016. NDRC (National 

Development and Reform Commission) issues CO2 emission per kWh every year for 

CDM project development. The carbon emission factor of North China Grid was 0.7253 

t-CO2/MWh in 2016. The loss of transmission is 6.66%. 
c  According to data from Zhejiang Province, PM2.5 accounts for 89.25% of Particulate 

matter. 
d  Same as footnote a. 
e  According to data from Zhejiang Province, PM2.5 accounts for 89.25% of Particulate 

Matter. 
f  According to Environment Protect Practical Data Handbook, CO2 emission is 1.96 kg per 

m³ of natural gas. With Jinan being in key area of air pollution control, the PM, SO2, and 

NOx emission standard for Jinan is 20mg/m³, 50mg/m³, and 200mg/m³ respectively (Here 

m³ refers to the volume of waste gas). Burning 1 m³ natural gas produces 12.14 m³ waste 

gas. According to Technique Guidance for Emission Inventory of Primary Fine Particles, 

PM2.5 emission intensity of natural gas is 0.03g per m³of natural gas. 
g According to Technical Guidance for Emission Inventory of Biomass Burning, burning 1kg 

biomass forming fuel produces 0.7g SO2, 2.79g NOX, and 1.12g PM10, which includes 

0.95g PM2.5. With gas treatment devices adopted in biomass-based CHP, SO2 and NOX 

treatment efficiency is 80% and 75% respectively. 
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IX. Conclusions 

31. West Jinan Waste Heat Utilization and Clean Energy Project enables Jinan to fully use 
waste heat in neighboring regions, to form a waste heat-dominated heating system with 
distributed energy supply from natural gas, air source heat pump and biomass as supplementary. 
The project can save 1,167,533 tce and cut CO2 emissions 3,290,792 t, SO2 emissions 3,771 t, 
NOX emissions 3,595 t，PM emission 425 t, in which PM2.5 reaches 394 t annually, making great 
contributions for Jinan to find a new heating approach in winter to guarantee buildings’ heating 
demand, cut coal consumption and improve air quality in winter in Jinan. Technologies adopted 
in the project, including the large temperature difference waste heat exchange technology, 
biomass-based CHP, gas-driven heat pump and distributed clean energy heating, enable JTPC 
to gain better experience in advanced clean heating technologies and heating supply models, and 
to promote the development of such heating technologies and heating supply models in Jinan 
and even in North PRC. 

Table 4 Energy savings and emission reduction 
Energy Savings 

(tce) 
1,167,533 

 CO2 SO2 NOx PM PM2.5(involved in PM) 

Emission 

reduction(ton) 
3,290,792 3,771 3,595 425 394 

CO2 = carbon dioxide, NOx = nitrogen oxides, PM= particulate matter, SO2 = sulfur 

dioxide, tce = ton of coal equivalent. 
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C. Subproject II: Shanghe Coal-Free Clean Heating Demonstration Subproject 

 
32. Shanghe County is in the region of Jinan Municipality. It has an urban area, 11 semi-urban 
areas of 11 towns and 1,162 km2 rural area with 80,000 rural households. Its layout represents a 
very typical county in the PRC. The urban area is the center of the county where all local 
governmental agencies and offices, commercial buildings, schools are located. This part of the 
county has better infrastructure than the rest of the areas. Currently, there are 2×58MW coal-fired 
boilers as the main sources for district heating in the urban area. The semi-urban area of a town 
is relatively small with residential buildings and few public services like kindergarten, elementary 
school and clinics. Distributed coal-fired boilers are the main source for space heating in towns. 
Recently some coal-fired boilers have been replaced by gas-fired boilers which can use existing 
pipelines and reduce the investment for emission reduction. There is no district heating network 
in most of towns. Residents in rural areas normally live in individual houses. Coal-fired stoves or 
household-scaled coal-fired boilers are common for space heating. Rural households are only 
willing to invest a limited amount of money to install clean heating systems and they are very 
sensitive to the operational cost. It is very important to design and provide clean heating solutions 
to Shanghe with low operational cost, especially for the rural areas. The success and experience 
of Shanghe subproject will play an important role and demonstration effect to other counties in 
the North PRC, who are facing similar air quality issues caused by winter heating.  
 

A. Introduction of subborrower 
 

33. JHG is a large city-owned heating enterprise that was formed by integrating four other 
heating companies in Jinan. As of the end of 2017, it had CNY600 million of registered capital, 
CNY6.4 billion of total assets, 2,000 employees, 20 sets of coal-fired boilers with total capacity of 
1,900 t/h, 98 million m2 of heating supply area, and 3,149 km of heating supply pipelines, making 
it the largest heating supplier in Jinan. Like JTPC, it was restructured in September 2017 to 
become affiliated to and managed by Jinan City Investment Group Co. 
 
34. JHG’s main business also covers heating supply, electricity generation and supply, and 
the associated technical consulting and maintenance services. JHG has been making great 
efforts to develop urban district heating system and improve its heating service in the urban areas. 
Meanwhile, it is committed to energy conservation, emission reduction and clean heating 
renovation. JHG has invested a total of CNY300 million from 2012 to 2015 in clean heating 
systems. In 2016, JHG invested CNY580 million to replace coal-fired boilers and launched “East 
Jinan Low-Emission Combined District Heating and Cooling Project.” It will supply heating and 
cooling for east Jinan by using waste heat sources in the future. 
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B. Technology adopted 
 

35. This subproject covers the urban area of Shanghe County, the semi-urban area of 11 
towns and 80,000 rural households. The construction period of this subproject is 5 years. 
Shanghe County is endowed with rich geothermal resource. The subproject will use geothermal 
resource as the main heat source to replace coal-fired heat source. Other clean options, such as 
air-source heat pump, are selected as distributed heating source where pipeline network is not 
available. Gas-fired boiler will be an auxiliary heat source. Furthermore, gas modular boiler is set 
to provide peak load heating.  
 

1. Deep-well geothermal for urban and semi-urban areas 
 

36. The subproject will develop several geothermal district heating systems for newly-built, 
reconstructed and expanded residential areas in urban and semi-urban areas. 98 geothermal 
wells will be drilled (49 producing wells and 49 disposal wells; 46 wells in urban area and 52 wells 
in semi-urban area) and 39 heat exchange stations will be built, covering heated area of 4,068,300 
m2.  
 
37. Shanghe’s geothermal resource are generally located in reservoirs at the depth of 1,000–
1,500 meters with water temperature of 48°C–60°C as shown in Figure 12. The heating yield of 
a single well is about 500–2,000 m3 per day based on the richness of underground water. The 
total exploitable geothermal resource is about 29.871x1017 J, equivalent to 101.89 million tce, 
theoretically this is sufficient to supply the heating demand for the entire Shanghe.  
 

2. Shallow-ground source heating and cooling in urban area 
 
38. There are several commercial buildings with floor areas of 10,000 m2 without heat network 
coverage in the urban area. These buildings need heating in winter and cooling in summer. It is 
not financially viable if deep-well geothermal is used only for such small areas. Shallow-ground 
source heat pumps are selected to supply heat and cooling to these buildings. Following the 
heating or cooling load design standards for public buildings,10 assume the cooling load index is 
70W/m2 and heating load index is 50W/ m2, and the cooling demand of those buildings is about 
441 MWh,11 and the heating demand is about 588MWh.12 According to the working condition in 
summer, the length of the drilling holes for ground heat exchanger is designed to be 12,000-meter 
total (U-type heat exchanger and 80–100 meter per hole). This subproject plans to install an 
116kW ground source heat pump and two variable frequency pumps (one as backup). The total 

                         
10 GB50189-2015. 
11 Cooling period is 90 days annually and 10 hrs a day. The heating area is about 7,000 m2. 
12 Heating period is 120 days annually and 14 hrs a day. The heating area is about 7,000 m2. 
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electricity consumption of the ground source heat pumps is 126.24kW (without backup). If the 
system runs at a full load which will consume a total of 325,699 kWh per year (113,616 kWh in 
winter and 212,083 kWh in summer). 
 

Figure 12 Geothermal Resource of Shanghe County 

 
 

3. Air source heat pump for urban area 
 

39. The air source heat pump is selected as the heat source of the building in the area where 
the heating pipeline network is not covered, and the geothermal resources are difficult to reach. 
This subproject has a heating area of 15,000 m2 in the urban by using air source heat pumps. It 
will install 3×41kW heat pump units in Shanghe detention house and 5×19kW heat pump units in 
the kindergartens with a total capacity of 221.37kW. If the system runs at a full load which will 
consume a total of 442,773 kWh per heating season.13 

                         
13 In Shanghe, heating period is 120 days annually. In calculation, assume heating is supplied 24 hrs a day in Shanghe 

detention house. In kindergartens, heating period is 90 days annually (winter vacation is 30 days). And assume 
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4. Gas-fired boiler to replace coal-fired boiler in the urban area 

 
40. Due to the availability of deep-well geothermal heating, not all coal-fired boilers can be 
replaced by geothermal heating in the urban area, especially during peak time. This subproject 
plans to build a 42 MW gas-fired boiler as an auxiliary heat source for the deep-well geothermal 
heating. With this design, the entire urban area of Shanghe County can replace the coal-fired 
heating. The working principle of gas-fired boiler is as follows: 

 
Figure 13 Working Principle of Gas-fired Boiler  

 
 

41. Shanghe has some advantages for using natural gas: (i) the national ‘west to east gas 
pipeline has built a gate station at Shanghe with the supply capacity of 400,000 m3 per day; (ii) 
Shanghe has two oil & gas fields with the gas reserves of 1.2 billion m3. The gas pipeline has 
covered not only the urban area, but also some semi-urban areas that makes the natural gas an 
easy access. The layout of gas pipeline is shown in Figure 14.  

 
5. Gas modular boiler for urban area and Yuhuangmiao town 

 
42. Gas modular boilers (2.2 MW each as shown in Figure 15) are designed as an alternative 
heating source to large single boilers. This subproject plans to build gas modular boilers as 
auxiliary heat sources for deep-well geothermal heating to supply heat to 761,000 m2 of floor 
areas where are covered by the heating pipelines. The advantages of gas modular boiler are as 
follows: (i) Gas modular boiler is compact, so it is easier to transport and handle compared to the 
gas-fired boilers; (ii) Gas modular boiler can save more space than large boilers because of the 
small size; (iii) Gas modular boiler is very efficient and clean; and (iv) It is easy to manage the 
heating output based on the heating load. The gas modular boilers are the main heat source in 
two regions where the geothermal sources are difficult to reach. The details for gas modular boiler 

                         
heating is supplied 10 hrs a day. 
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installation are listed in Table 5. It is estimated that the gas consumption of the gas modular 
boilers for a heating season is about 10.2 million m³.14 
 

Figure 14 Gas Pipelines of Shanghe  

 
 

  

                         
14 The heating area of gas modular boilers is 761,000 ㎡. Heating period is 120 days annually and 24 hrs a day. The 

heat indicator is 45 W/m2. The heat value of natural gas is 85,00 kcal/m³. Based on these parameters, natural gas 
consumed by gas modular boilers is 10.2 million m³ in a heating season. 
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Figure 15 Installation Instruction of Gas Modular Boiler  

 

 
Table 5 Installation plan of gas modular boilers 

Name of 

region 

Total heating 

area (m2) 

Heat supplied by 

geothermal (m2) 

Numbers of 

geothermal 

well drilled 

Heat supplied 

by gas modular 

boiler (m2) 

Numbers of gas 

modular boilers 

installed 

37 ° N No. 5 

Plots 

140,000 0 0 140,000 3 

37 ° N No. 4 

Plots 

128,000 87,700 2 40,300 1 

37 ° N No. 2 

Plots 

265,000 175,400 4 89,600 2 

37 ° N No. 1 

Plots 

232,000 175,400 4 56,600 2 

37 ° N School 

and 

residential 

buildings 

116,000 0 0 116,000 3 

Yuhuangmiao 

Town 
703,000 384,500 10 318,500 8 

Total 1,584,000 823,000 20 761,000 19 
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6. Building efficiency improvement in urban area 
 

43. This project plans to retrofit total 660,400 m2 of buildings to improve their energy efficiency. 
The measures adopted include (i) replacing thermal insulation material for the exterior walls, and 
(ii) replacing single-layer glass windows with double glazing. After the retrofitting, the heating 
demands for these building could decrease from 45W to 38W per m2 per season. After completing 
this project, the heating load of urban area will reduce by 4.6 MW.15  
 

7. Building efficiency improvement in rural area 
 

44. This project plans to retrofit totally 1.5 million m2 of houses with 30,000 rural households. 
Measures include adding an insulation curtain (Figure 16) to windows and adding roof insulation 
layer (Figure 17). The thermal insulation curtain made of plastic with an air interlayer, which has 
the characteristics of heat preservation, waterproof, and dustproof. In the meantime, the curtain 
is translucent, and it will not affect daytime lighting. The roof insulation will use expended perlite 
or expended vermiculite to form an insulation layer. The expanded perlite is suitable for dry 
regions in the northern PRC as it will reduce the heat radiation.  

 
Figure 16 Insulation Curtain  

 
  

                         
15 It is reduced from 45 W/㎡ to 38 W/㎡. 
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Figure 17 Roof Insulation Layer  

 

8. Cleaning heating of rural area 
 

45. With the rural power grid retrofitting project implemented nationwide, the reliability of 
electricity supply has drastically improved in the rural areas of the PRC, which allows electricity 
an option for heating to replace raw coal burning in the rural areas. In Shanghe the reliability of 
electricity supply reached 99.9394% (data of 2016). The integrated distribution loss of 110 kV and 
below is about 7.6%. The distribution loss of 10kV and below is 3.7%. Every household installed 
a meter to measure its consumption. The average capacity per household is 1.80 kVA.  
 
46. A survey shows that the rural residents consume about 1.5-ton raw coal per household 
per winter. Factors to be consider when design clean heating systems for rural residents are: (i) 
low investment and operational cost, and (ii) easy to operate and maintain. People prefer a 
heating system with the following functions: (i) generating heat very fast that can increase indoor 
temperature rapidly and allowing frequent switches, and (ii) separate controlling by rooms, can 
be stopped when heating is needed in a specific room. The subproject plans to install 7×19 kW 
air source heat pumps and 1×20.5 kW air source heat pump for five kindergartens in the rural 
areas. If the system runs at a full load, it will consume a total of 141,165 kWh per heating season.16 
Options for the 80,000 rural households mainly rely on their own choices. There are about 1,000 
households have access to the gas pipeline. These households can opt to install small household 
gas heater to reduce their investment cost and get hot water supply at the same time. The local 
government will use public budget to install electric heaters for another 9,000 low-income 
households. Of this, 6,000 households will install heat-storage radiators (Figure 18) which can 
take the advantages of TOU tariff and shaving the power load. The heat-storage radiators keep 
the heat generated from the electricity in a special material. They only operate 6–8 hours during 
midnight and heat supply could last for 24 hours per day. The remaining 3,000 households will 
install carbon crystal plate radiators (Figure 19). The carbon crystal plate is a new type of electric 

                         
16 In kindergartens, heating period is 90 days annually (winter vacation is 30 days). And assume heating is supplied 

10hrs a day. 



28 

heater which has 98% of electricity to heat efficiency. It generates heat in 5 minutes after turning 
on. This option is good for the households who have no TOU tariff scheme. The subproject will 
also install air-to-air heat pumps (Figure 20) for 60,000 rural households, and air-to-water heat 
pumps (Figure 21) for 10,000 rural households. Table 6 compares the features of these two types 
of heat pump. All systems installed must comply with the national standards. 17  Table 7 
summarizes the main features of each system.  

 
Figure 18 Heat-storage Radiator 

 

 

                         
17 Rural household air source heat pump should meet with the Standard for Air Source Heat Pump (cold water) in Low 

Temperature (GB/T25127.2-2010); household wall-mounted gas heaters should meet with the Standard for Gas 
Heater Hot Water Boiler (GB/T25034-2010). 
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Figure 19 Carbon Crystal Plate Radiators

 
Figure 20 Air-to-air Pump
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Figure 21 Air-to-water Heat Pump 

 
 

Table 6 The comparison between air to air- and air to water heat pump 
Type Air to air heat pump Air to water heat pump 

Transmission 

 medium 
R32 Hot water 

Transmission 

 tube materials 
Copper Steel or plastic 

Terminal devices Fan coil 
Fan coil，radiator， 

or underfloor heating 

Advantages 

This system provides heat in winter and cooling in 

summer, with low operating costs and a high efficiency. 

In the meantime, it doesn't need water tank, nor pumps 

This system provides a level of 

environmental comfort, and ensures the 

temperature for multiple rooms 

Disadvantages 
This system can only ensure  

the temperature for one room 

This system needs water tank and pumps. 

At the meantime, it has low efficiency and 

high cost 

Unit price  CNY6,500 (with terminal device) CNY12,000 (without terminal device) 

Applicability 
The household that doesn't 

 have radiator and have less heating demand 

The household that 

 have radiators 
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Table 7 The main features of each system 

Types 

Outdoor 

design 

temperatur

e 

（℃） 

Water intel 

temperature/Wate

r outlet 

temperature  

（℃） 

Rated 

heating 

output 

（kW） 

Heating 

input 

power 

（kW） 

Energy 

efficiency

（cop） 

Noise 

Gas 

consumption 

per hour 

（m³） 

Thermal 

efficiency  

Input 

Voltage 

Number of 

households 

Air-to -air 

heat 

pumps 

-12 — 4 1.81 2.2 <40dB — — — 60,000 

Air-to-

water heat 

pumps 

-12 50/60 5.2 3.4 1.53 <55dB — — — 10,000 

Gas 

heater 
— 50/60 16 0.11 — <40dB 0.427 >90% — 1000 

Carbon 

crystal 

electric 

heating 

plate 

— — 0.8 0.82 — — — >98% 220V 3000 

Electric 

radiator 

 

— — 3.2 3.27 — — — >98% 220V 6000 
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47. It is estimated that the energy consumption of each heating season is about 0.51 million 
m³ of natural gas and 197GWh of electricity. 
 

C. Estimated Energy Savings and Emission Mitigation 
 

48. For baseline calculations, it is assumed that the heating time will be 120 days of per 
heating season with 10 hours heating time per day. For the subproject components, detailed 
calculations referred to the respective footnotes. The comparisons of the subproject components 
and their baselines are listed in Table 8.  
 

Table 8 The subproject components and their baselines 
Subproject Baseline 

Project 

Technology 

Heating area 

(1,000m³) 

Energy 

sources 

Energy 

consumption 

Baseline 

technology 

Energy 

sources 

Energy 

consumption 

Deep-well 

Geothermal 

2,373.44（Urban 

area)  

Electricity  59.34GWha Coal-fired 

boiler district 

heating 

service 

 

Coal 

Electricity 

 

 

 

 

 

13,6931tceb 

24.9GWhc 

Air source heat 

pump 

 

15 Electricity 0.44GWhd 

Shallow-ground 

source heat 

pump 

10 Electricity 0.21GWhe 

Gas-fired boiler 

 

2,923.2 Natural gasf 
 

40.3 million m³ 
g 

Gas modular 

boiler 

442.5 Natural gas 5.9 million m³ h 

Deep-well 

Geothermal 

1,694.9(Semi-

urban area) 

Electricity 42.37GWhi  

 

Distributed 

coal-fired 

boiler 

 

 

coal 

Electricity 

 

 

42,744tcej 

8.7GWhk 

Gas modular 

boiler 

318.5 Natural gas 4.3 million m3l 

m³ 

Air source heat 

pump 

 

9.3 

(Kindergartens in 

rural area of 

Shanghe County) 

Electricity 0.14GWhm
  

 

 

 

 

 

 

Small coal 

stoves 

 

 

 

 

 

 

 

low-quality 

coal  

 

 

 

 

 

 

 

85,879tcem
 

Air-to-air heat 

pumps 

3,000 Electricity 130.32GWh
o
 

Air-water heat 

pumps 

500  Electricity 40.80GWh
p
 

Gas heater 50 Electricity 0.13GWh 
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Natural gas 0.5 million m³ 
q
   

Carbon crystal 

plate radiators 

150 Electricity 2.95GWh
r
 

Heat-storage 

radiators 

300 Electricity 23.54GWh
s
 

a Based on the operating experience, the electricity consumption intensity of deep-well geothermal heating is 

estimated at 25kWh/ m2/a. 
b Statistically, Shanghe County has district heating area of 1,800,000 m2, consuming 42,800 tce. Coal consumption 

intensity is 0.024tce/ m2/a. The heating area of subproject is 5,761.400 m2, so the baseline coal consumption: 
(42,760.39/1,800,000) *5,761.4*1,000=136,931tce. 

c Statistically, in Jinan city, the total power consumption of 6,220,000 m2 of coal-fired heating area is 26.87GWh. The 
total power consumption of 5,764,100 m2 of coal-fired heating area is about 24.9GWh. 

d There are 3 air source heat pumps in Shanghe Detention House, with total installed capacity of 123kW. The three air 
source heat pumps run 24hrs a day, 120 days per year. The Sixth Experimental Kindergarten in Shanghe has 5 air 
source heat pumps with a total installed capacity of 98.37kW. The 5 air source heat pumps run 10hrs a day, 90 days 
per year (winter holiday is 30 days). 

d Hot Spring International Industrial Plant Test Center has one ground source heat pump, with a total installed 126.24kW. 
The ground source heat pump runs 14hrs a day, 120 days per year. 

f 1 Nm3 of NG is 9.89 kWh as may be slight variations in NG heat value based on source. 
g Heat indicator is 45W/㎡. The burning efficiency is 95%. Heat is supplied 24hrs a day, 120 days per year. 
h Heat indicator is 45W/㎡. The burning efficiency is 98.2%. Heat is supplied 24hrs a day, 120 days per year. 
i Same as footnote a. 
j Heat indicator is 45W/㎡. The burning efficiency is 75%. Heat is supplied 24hrs a day, 120 days per year. The heat 

value of standard coal is about 7000kcal/kg. After calculating, the coal consumption of Semi-urban area is 42744tce. 
k Statistically, in Jinan city, the total power consumption of 6220(1000 ㎡) coal-burning heating area is 26.87GWh. After 

calculating, the total power consumption of 201.32(1000 ㎡) coal-burning heating area is 8.7GWh.  
l Same as footnote g 
m There are 8 air source heat pumps in the 5 kindergartens, with a total installed capacity 156.85kW. The air source 

heat pumps run 10hrs a day, 90 days per year (winter holiday is 90 days). 
n Heat indicator is 80W/㎡. The air source heat pumps run 10hrs a day, 90 days per year (winter holiday is 90 days). 

The burning efficiency of coal boilers is 50%. Statisticaly, one household in Shanghe consumes 1.5t per heating 
season. The heat value of coal is 5000kcal/kg. 

o One air-to-air heater consumes 1.81kWh per hour. There are 60000 heaters. Heat is supplied 10hrs a day, 120 

days per year. 
p One air-to-water heater consumes 3.4kWh per hour. There are 10000 heaters. Heat is supplied 10hrs a day, 120 

days per year. 
q One wall-hanged gas heater consumes 0.11kWh of electricity and 0.427m³of natural gas per hour. There are 1000 

heaters. Heat is supplied 10hrs a day, 120 days per year 
r One carbon crystal plate consumes 0.8kWh per hour. There are 3000 plates. Heat is supplied 10hrs a day, 120 days 

per year 
s One heat storage electrical radiator consumes 3.2kWh per hour. There are 6000 heaters. Heat is supplied 10hrs a 

day, 120 days per year. 
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49. This subproject will consume 300 GWh of power, 51 million m³ of natural gas, which is 
equivalent to a total of 162,318 tce. 18 The total energy consumption can replace 265,554 tce of 
coal-fired heating and 33.6GW of power，which is equivalent to a total of 276,036 tce. Thus, this 
subproject will save 113,718 tce of energy.  
 
50. In the emission calculation, emissions from large scale coal-fired boilers are in line with 
the national standards of GB13271-2014-Air Pollutants Emission Standards for Boilers and the 
calculation is based on formulas for emissions of coal-fired boilers in Environment Statistic 
Handbook. The emissions from gas-fired boilers meet the national standards of GB13271-2014-
Air Pollutants Emission Standards for Boilers and the calculation is based on formulas for 
emissions of gas boilers in Environment Protection Practical Data Handbook. The emissions from 
power generation are calculated based on emission factors in the China Power Sector Annual 
Development Report 2017 issued by China Electricity Council. The calculation of PM2.5 emission 
from coal, natural gas and electricity adopts emission factors in Technique Guidance for Emission 
Inventory of Primary Fine Particles. Emission reduction is listed in Table 9. 
 

Table 9 Emission reduction 

    CO2 (t) SO2 (t) NOx (t) PM (t) PM2.5 (t) 

Baseline 

 

Large coal-fired boiler 
358,759 427 427 71 63a  

(Electricity emission of 

Large coal fired boiler) 
18,060 10 9 2 1.8 

Distributed coal-fired 

boiler 
111,989 133 133 22 19.8  

(Electricity emission of 

distributed coal fired 

boiler) 

6,308 3.4 3 0.7 0.6 

small coal stoves
b
 315,003 890 313 1,246 934.2  

Total 810,120 1,463 885 1,342 1,020 

Project 

Deep-well Geothermal c 46,107 25 23 5 4.5d  

Air source heat pump 

 
344  0.185  0.171  0.038  0.034  

Shallow-ground source 

heat pump 
165  0.089  0.082  0.018  0.016  

                         
18 According to Technical Guidance for Emission Inventory of Biomass Burning, burning 1kg biomass forming fuel 

produces 0.7g SO2, 2.79g NOX, and 1.12g PM10, which includes 0.95g PM2.5. With gas treatment devices adopted 

in biomass-based CHP, SO2 and NOX treatment efficiency is 80% and 75% respectively. 
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Gas-fired boiler 

 
79,082e 24 97.96 9.8f 0.85g  

Gas modular boiler 11,581 4 14 1.4 0.18 

Deep-well Geothermal

（Semi-urban area） 
32,926  18  16  3.632  3.241  

Gas modular boiler 8,336 3 10 1.03 0.13 

Air source heat pump 

(Kindergartens in rural 

area of Shanghe County) 

110  0  0  0.012  0.011  

Air-to-air heat pumps 101,265  54  50  11.169  9.969  

Air-water heat pumps 31,704  17  16  3.497  3.121  

Gas heater 

(Electricity) 
103  0.055  0.051  0.011  0.010  

Gas heater 

(Nature gas) 
1,004  0.311  1  0.124  0.015  

Carbon crystal plate 

radiators 
2,294  1  1  0.253  0.226  

Heat-storage radiators 18,295  10  9  2.018  1.801  

Total 333,314  156  240  38  24  

Emission reduction  476,806 1,306 645 1303 996 
a  The data from 2 coal-fired boilers in Zhejiang Province shows that with pollution control, PM2.5 was between 

87.9% and 90.6% of Total suspended particles (TSP). 
b  According to Technique Guidance for Emission Inventory of coal briquettes：the SO2, NOx, PM and PM2.5 

emission factor of poor quality coal was 7.4kg/t、2.6kg/t、10.36kg/t and 7.77kg/t. 
c  Based on the China Power Sector Annual Development Report 2017 issued by CEC (China Electricity Council), the 

PM, SO2, and NOx emission factor of thermal power generation was 0.08, 0.39, and 0.36gce/kWh respectively in 
2016. NDRC (National Development and Reform Commission) issues CO2 emission per kWh every year for CDM 
project development. The carbon emission factor of North China Grid was 0.7253 t-CO2/MWh in 2016. 

d  The data from 2 coal fired boilers in Zhejiang Province shows: with pollution control, PM2.5 was between 87.9% 

and 90.6% of TSP (Total suspended particles). 
e 1m³NG generate 1.96kg CO2  
f Burning 1m3 of NG produces 12.14m3 of smoke. According to Air Pollutants Emission Standards for Boilers 

(GB13271-2014), the PM, SO2, and NOx emission standard is 20mg/m³, 50 mg/m³, and 200 mg/m³respectively. 
g  According to Technique Guidance for Emission Inventory of Primary Fine Particles, PM2.5 emission intensity of 

natural gas is 0.03g per m³of natural gas. With pollution control, PM2.5 is about 70% of TSP. 

 

D. Conclusions 
 

51. This subproject is designed based on Shanghe County’s available resources to provide 
clean heating and improve energy efficiency and air pollution. With good environmental benefits, 
this project will save 113,718 tce of energy and reduce CO2, SO2, NOx, PM, PM2.5 emission at 



36 

 

476,806 tons, 1,306 tons, 645 tons, 1,303 tons, and 996 tons each heating season. After 
completing this subproject, it will play an exemplary role for clean heating programs in the PRC. 
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D. Subproject III: East Jinan Low-Emission Combined District Heating and Cooling 
Project 

 
52. East Jinan is where the central business district with a lot of high-rise buildings for 
business and residents is located. Large amount of cooling demands in summer season make it 
a unique area in Jinan City. The electricity consumption for air-conditioning has become a major 
factor for increasing peak demand of the power grid. To design a low-emission system supplying 
both heat and cooling has a promising prospect in the PRC given that cooling demands have 
increased tremendously recently. 
 

A. Introduction of subborrower  
 

53. JHG is the implementation agency for this subproject (Please see section IIIA).  
  

B. Technology adopted 
 
54. The project area is shown in Figure 22. The construction includes two energy stations 
(South Energy Center Phase I and the North Energy Center) equipped with cooling towers, heat 
exchangers, heating boilers and the connection pipelines to use waste heat from Zhangqiu Power 
Plant marked as green star in Figure 4.    

 
Figure 22 Diagram of Cooling Area (within blue lines) and Heating Area (within red lines) 
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1. Industrial waste heat utilization 
 
55. As indicated in para. 9, waste heat is the best source for space heating. This subproject 
will use waste heat from Huadian Zhangqiu Power Plant (hereinafter referred to as Zhangqiu 
Power Plant) as the main source for space heating in the project area. In the winter time, Zhangqiu 
Power Plant will serve as heat source, deliver its waste heat to city energy stations through long-
distance pipeline using large temperature difference transmission technology. In November 2015, 
a long-distance pipeline project to reduce coal consumption in east of Jinan was completed, which 
operated for two heating seasons and performed well. Considering the expanding of heating area 
and full utilization of the long-distance pipeline capacity, additional heating boilers are needed to 
provide extra heat and peak heat. 
 

2. Electrode boiler with heat storage 
 
56. There are two options to supply extra heat and peak heat in a clean way: natural gas-fired 
boiler or electrode boiler. Using natural gas-fired boiler is constrained by gas availability, 
especially during winter season, gas shortage usually happens because of many gas-fired boilers 
operated for space heating. Electrode boiler converts electricity to heat and then passes heat to 
a medium. Its operational process is as follows: with electricity being provided, electrode produces 
heat which is then absorbed by the medium (normally water). With water being heated, hot water 
is delivered to the consumers by circulating pumps. After heat is being provided in the households, 
the hot water then returns to the electrode boilers. Electrode boilers can be loaded or unloaded 
constantly and easily. 
 
57. Considering the power load curves and time of use (TOU) tariff arrangement, the project 
includes a 10 kV high voltage electrode boiler as heat resource, which uses off-peak electricity to 
produce hot water (about 90℃). Electrode boiler only works at night, generating heat which is 
stored in the hot water storage tank. The total installed capacity of the electrode boilers is 30 MW, 
operating 8 hours a day (from 23:00 to 7:00 of next morning), and consuming 23.4 GWh electricity 
in one heating season to heat 700,000 m2 area.  
 
58. Although electrode boiler is not the best option in terms of energy efficiency, its COP is 
about 0.9, lower than the heat pumps. However, there are several advantages: (i) by using off-
peak electricity, it contributes to the load shaving and also improves the financial viability of the 
whole heating system; and (ii) it generates high temperature heat (90℃) for storage easily. 
 
59. In the project area, there will be 5 high-rise buildings and many commercial buildings for 
rental with over 2 million m² of floor area. All those buildings have cooling demand. Normally there 
are two cooling methods for large commercial buildings: (i) independent cooling room in every 
building and a cooling tower on the roof. This is the commonly adopted cooling solution; or (ii) 
district cooling with an energy station to supply cooling to each building and there is no 
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independent cooling room or cooling tower in each building. Option 2 can effectively reduce water 
and sound pollution and it can also save energy. It is advantageous in areas with huge cooling 
demand. 
 
60. Considering the available resource in the project area, the following techniques can be 
adopted for district cooling： 
 
61. Lithium bromide absorption chiller. An absorption chiller station will be set in Zhangqiu 
Power plant using waste heat from the power plant to deliver cold water to the consumers through 
long-distance pipelines as shown in Figure 23. Alternatively, the absorption chiller station can be 
built near the commercial buildings. The waste heat from the power plant is transmitted to the 
energy station through the long-distance pipelines and generates cold water at the station. After 
being chilled by the absorption chiller, cold water is delivered to the consumers in summer. The 
long-distance pipeline project enables Zhangqiu Power Plant to produce and deliver cold water 
by using waste heat. By doing so, the waste heat can be used in summer time as well to maximize 
the utilization of the long-distance pipeline. 
 
62. Lithium bromide absorption chiller is driven by waste heat and consumes electricity as 
shown in Figure 24. Its advantages are as follows: (i) There are no moving parts except canned-
motor pump. So, it’s quiet in operation. (ii) With lithium bromide as the medium which is nontoxic, 
odorless and nonexplosive. The chiller operates in vacuum condition. (iii) The operational range 
is wide to allow continuous adjustment of the cooling supply from 10% to 100%. Even with low 
demand, heat efficiency remains the same. But it also has disadvantages, such as lithium bromide 
solution is highly corrosive in air, so it’s extremely important to ensure that it operates in vacuum. 
Even a very small amount of air can badly damage the chiller. Thus, the equipment should be 
perfectly sealed. Besides, the chiller needs large amount of high quality cooling water in operation 
to release heat. When the cooling demand is high, the concentration of lithium bromide solution 
is required to be high, which may produce crystal. To avoid crystallization, more electricity will be 
required. Sufficient cooling demand is required when using waste heat to generate cooling. As of 
now, the cooling demand is not large enough. This is an option for future expansion. 
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Figure 23 District Cooling and Heating System Using Industrial Waste Heat  

 
 

 
Figure 24 The Working Principle of Lithium Bromide Absorption Chiller 

 
 
63. Electrical air conditioning. Air conditioning (AC) system contains refrigerant to absorb 
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heat. The main refrigeration system consists of compressor, condenser, evaporator and 
expansion valve. In operation, circulating refrigerant vapor enters the compressor where its 
pressure and temperature are increased. When refrigerant vapor pressure is larger than the 
pressure inside of the condenser, the high-pressure vapor is condensed. In the condenser, hot 
and condensed refrigerant vapor is cooled by air flow or normal temperature water and condensed 
into liquid. The condensed, pressurized and usually hot liquid refrigerant is routed through an 
expansion valve, where it undergoes a rapid reduction in temperature and pressure. The cold 
refrigerant is then routed through the evaporator where it absorbs heat and is evaporated. Thus, 
the circulating refrigerant removes heat and refrigerant vapor is routed back into the compressor. 
The circulation consists of 4 processes, including compression, refrigeration, expansion and 
evaporation. In the circulation, the compressor performs a function of condensing and transporting 
refrigerant and consumes energy.  
 
64. There are many types of compressors, including piston compressor, rotary-screw 
compressor, and centrifugal compressor, etc. In a piston compressor, compression cylinder is the 
working part, which uses pistons driven by a crankshaft to compress, exhaust stream, expand 
and absorb. The piston compressor is mature in manufacture and simple in construction and can 
be built at a low cost. It can be used under various pressure and cooling demands and can be 
easily maintained; thus, it’s widely used. However, it cannot rotate at a high speed; it’s bulky and 
heavy; it does not exhaust steam continuously, which may cause fluctuation in air flows; and it 
vibrates when operating. Rotary-screw compressor is a type of gas compressor that uses a rotary-
type positive-displacement mechanism to absorb, compress and exhaust air. It only contains 
rotating, not reciprocation. It’s well balanced with less vibration, which allows raising rotary speed. 
It’s simple and compact in structure, and light. In the case of low evaporation temperature and 
high compression ratio, single-stage compressor remains working and performing well. It’s not 
sensitive to moisture of refrigerant. Its refrigeration amount can be adjusted from 10% to 100% 
continuously, and when demand is higher than 40%, it is more efficient. On the other hand, rotary-
screw compressor produces lots of noises in operation and requires many associated equipment 
to separate, refrigerate, filter, and pressurize lubricant oil. Centrifugal compressor transforms 
mechanical energy to air pressure in the centrifugal impeller and the diffuser. It has high rotate 
speed with large amount venting output and stable air flows.  It has a better seal system and less 
leakage. Centrifugal compressor has less vulnerable parts than other types of compressors that 
result in less maintenance work. It has a better economic performance when cooling load is larger 
than 1,500 kW.  

 
65. Ice storage AC. The system adds ice storage devices on top of the electricity-driven 
chillers. It uses off-peak electricity during the night and stores the cooling energy in the form of 
ice (latent heat of fusion). During peak hours in daytime, ice is melted to provide cooling energy 
to meet the demand of district AC. There are mainly two types of ice storage systems: static 
system (ice building system) and dynamic system (ice harvesting system). A static ice storage 
system has heat exchanging coils in the ice storage tank to produce ice on the coil surfaces and 
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store it until chilled water is needed for cooling, then ice is melted by warm return water in the 
coils, thereby re-cooling it before it is pumped back to cool the building. During the process, water 
remains static in ice storage tank and it will not be affected by the water flows, so operation is 
relatively easy. In a dynamic ice storage system, ice is produced on the evaporator surface plates, 
and as the thickness of the ice reaches the set value, the system warms the plates to release the 
ice into a tank which is partially filled with water. By repeating this process, a large amount of ice 
can be generated in the water tank and stored for discharge. During discharge, cold water is 
pumped from the bottom of the ice water tank and the warmed return water is distributed over the 
ice at the top of the tank. Static systems in general are more compact and less costly than dynamic 
systems, while dynamic systems normally have high efficiency in heat transmission and ice 
production with fast demand response and high adaptability, but they are more difficult to control. 
 
66. Static ice storage devices can be further divided into 3 types: ice coil system, freezing 
system, and ice ball system as described in the following: 

(i) Ice coil system: the system consists of metal coils in an ice storage tank to produce 
ice on the coil surfaces. While in use, the return water from the AC melts ice to 
provide cooling. 

(ii) Freezing system: the system consists of plastic coils or metal coils in an ice storage 
tank and uses low-temperature secondary refrigerant produced by the water 
chilling unit to freeze water in the ice storage tank to make ice. While in use, as 
circulating medium glycol solution is routed through coils to melt ice outside of the 
coils to provide cooling. 

(iii) Ice ball system: the system is also called container-type cooling storage. It uses 
plastic balls as containers, which are filled with water and put into the ice storage 
tank. In the storing process, the plastic balls exchange heat with glycol solution to 
make ice. To use the stored ice, glycol solution is routed onto the plastic balls, 
melts ice and produces cooling energy. 

 
67. Ice storage AC uses off-peak electricity to shift power load, therefore improve the energy 
security of the grid and power generation efficiency of the power plants. It can also cut operational 
expenses of AC systems where TOU tariffs are used. In case of power outage, it could use its 
back-up gen-set to operate pumps, melt ice and provide cooling energy to improve its reliability. 
The system has a long lifespan and can be easily maintained. The dynamic ice ball storage 
system is selected by this project.  
 
68. Considering the cooling demand, demand curve, changes in building user’s manner and 
occupancy rate, power demand in Shandong Province, and the implementation of TOU tariff and 
other related factors, this project adopts ice storage AC as cooling approach with electric chiller 
as backup. When the cooling demand is low, electric chiller is more flexible and economical, thus 
is a better choice. Electric chiller in the project is a dual-mode chiller where double evaporator 
chillers are used to improve the energy efficiency when the system in cooling supply mode only. 
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It can directly produce cooling energy and also produce ice to store cooling energy and provide 
cooling energy while needed. The system includes centrifugal chillers with variable speed drive 
which operate at night when cooling demands from commercial buildings are low. A separate 
secondary cycling pump is used to match the low cooling load and reduce the energy consumption 
in case the main secondary cycling pump fails to respond to the low load. Meanwhile, the 
centrifugal chiller operation can guarantee the dual-mode chiller making ice for storage at night.   
  
69. The dual-mode chillers connect with ice storage system in series, with dual mode chillers 
at upstream and ice melting boards at downstream of the dual-mode chillers. This reduces energy 
consumption of centrifugal chillers during peak times by lowering the supply water temperature, 
thereby increasing temperature difference between supply and return water, and reducing the 
amount of cycling water and energy consumption for pumping the water. The system is shown in 
Figure 25.  
 

Figure 25 District Cooling System 

 
70. Based on the load curve, the proposed district cooling system may operate under the 
following operating schemes: 

(i) Scheme 1: The centrifugal chiller provides cooling energy, with dual-mode chillers 
to produce and store ice. The centrifugal chiller operates during the night, when 
cooling demand is very low. 

(ii) Scheme 2: Ice in ice storage tank is melted to provide cooling energy. When 
cooling demand is not high (it happens in the early stage of the project operation 
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when most residents have not moved in), ice stored at night can meet the peak 
demand during daytime.  

(iii) Scheme 3: The centrifugal chiller operates and the ice in ice storage tank is melted 
to provide cooling energy together. When demand grows to a certain scale, ice 
melting only cannot meet the demand, the centrifugal chillers must operate during 
daytime. 

(iv) Scheme 4: The centrifugal chiller and dual-mode chillers are connected in parallel 
to provide cooling energy. When demand is larger than the capacity of the 
centrifugal chiller and the ice storage tank are faulty, the centrifugal chiller and 
dual-mode chillers are operated in parallel to meet the demand. 

(v) Scheme 5: When demand grows to a scale, the centrifugal electrical chiller, dual-
mode chillers and the ice in ice storage tank are required to work together to 
provide cooling. This represents the peak capability of the district cooling system 
in providing cooling energy.  

 
3. Estimated Energy Savings and Emission Mitigation 
 

71. The subproject aims to expand the area of waste heat supply and at the same time use 
off-peak electricity to produce and store heat and cooling to improve the waste heat utilization. 
The subproject will build a district cooling system, in which large-scale chillers will replace 
distributed air conditioners in many buildings. In doing so, it can improve the cooling efficiency 
and reduce water wasted in the cooling towers and minimize the noise. It also optimizes the 
cooling system design and reduce the investment. Chillers use off-peak electricity during night 
and provide cooling energy by melting ice at peak time during the day, which shifts peak load, 
narrows differences between the peak time and valley time in the grid, and enables users using 
TOU tariff to save cost. Furthermore, with ice storage for cooling, it is easy to manage, operate 
and maintain, which improves operational efficiency, saves energy, and reduces labor costs. 
 
72. The subproject components and their baselines are listed in Table 10. After completion, 
the South Energy Center Phase I and the North Energy Center can supply cooling energy to 
800,000 m2 with electricity consumption of 39,424 MWh annually. In cooling supply, ice storage 
system accounts for 53%, representing 20,894.7 MWh; and chillers account for 47%, representing 
18,529.3 MWh, and chillers’ average COP is 5.1. Distributed AC for buildings are used as baseline, 
whose average COP is 3.5. 
 
73. Waste heat from power plant supplies heat to 6,220,000 m2. In heating, coal-fired district 
heating is used as the baseline. Electrode boilers supply heat to 700,000 m2 where the heat 
network uncovered. According to the national policies on air pollutant control, no coal-fired boilers 
for distributed heat system are allowed to build. The gas-fired boiler was used as baseline for 
electrode boilers. 
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Table 10 The construction items and the baseline of the subproject 
Subproject Baseline 

Technology 

used 

Heating area 

(1,000m³) 

Energy sources Energy 

consumption 

Baseline 

technologies 

Energy 

sources 

Energy 

consumption 

Waste Heat 

Sources from 

power plants 

6,220 Waste heat 

resources 

 

Electricity 

-- 

 

 

7.997 GWh 

Coal-fired 

boiler 

supplies 

district 

heating 

service 

Coal 

 

87,210.62 tce 

 

 

26.87 GWh 

Electrode 

boiler 

700 Electricity 33.43 GWh Gas-fired 

boiler 

Natural gas 3.49×106 m³ 

Ice storage AC 

and electric 

cooling  

2,200 Electricity 9.35 GWh AC for 

building 

Electricity  12.07 GWh 

Total 9,120  50.78 GWh  Coal 

Natural gas 

Electricity 

87,210.62 tce 

3.49×106 m³ 

38.94 GWh 

 
74. This subproject consumes 50.78 GWh of power which is equivalent to 15,842 tce. The 
total energy consumption of the baselines is 103,596 tce.19 Thus, energy saved by the subproject 
is about 87,754 tce. 

 
Table 11 Emission reduction 

 Energy Source CO2 (t) SO2 (t) NOX (t) PM (t) PM 2.5 (t) 

Baseline 

Coal 22,8491.8 271.8 271.8 45.3 40.4a 

Natural gas 6,838 2.12 8.47 0.85 0.07b 

Electricity 28,241.52 15.19 14.02 3.12 2.78c 

Subtotal 26,3571.77 289.14 294.32 49.27 43.29 

Project Electricity 36,827.17 19.8 18.28 4.06 3.6 

Emission reductiond 22,6745 269 276 45 40 
a The data from 2 coal fired boilers in Zhejiang Province shows: with pollution control, PM2.5 was 

between 87.9% and 90.6% of TSP. 

                         
19 According to the China Power Sector Annual Development Report 2017 issued by CEC (China Electricity Council), 

coal-fired power plant above 6000Kw consumes 312gce to produce per kWh of electricity. Take 6.66% as the loss of 
transmission. Based on the heat value, per cubic meter of NG is converted to 1.21kgce. 



46 

 

b According to Technique Guidance for Emission Inventory of Primary Fine Particles, PM2.5 emission 

intensity of natural gas is 0.03g per m³of natural gas. 
c The data from 2 coal fired boilers in Zhejiang Province shows: with pollution control, PM2.5 was between 

87.9% and 90.6% of TSP (Total suspended particles).  
d Please refer to footnotes of Table 3. 

 
C. Conclusions 
 

75. East Jinan Low-Emission Combined District Heating and Cooling Project is innovative and 
demonstrative: 

(i) Waste heat from Huadian Zhangqiu Power Plant is used for heating and cooling, 
and the long-distance pipeline is used both in winter and summer. It’s the first of 
its kind in Shandong Province and cutting-edge technologies are adopted.  

(ii) The subproject uses off-peak electricity to produce and store ice, effectively reduce 
the operational cost.  

(iii) There’s no cooling tower built in the center city, thus reduce the hot island effect 
and the polluted water drifting down, presenting a better environment. The 
condensation heat in chillers in energy centers is absorbed by return water in the 
refrigeration system. Water is then transported back to Zhangqiu Power Plant. 
Therefore, no cooling tower is located in the vicinity of the energy center. 

 
76. The subproject saves 87,754 tce of energy, reduces 226,745 t of CO2, 269 t of SO2, 276 t 
of NOX, 45 t of PM emissions respectively, including 40t of PM2.5.   
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E. Summary of the Project 

 
77. Shandong Province is one of the most important regional economies in the PRC. Its 
provincial capital, Jinan, is a key economic, political, and transportation center in northern PRC. 
In 2016, Shandong grew at 7.6%, among the highest growth rates in provinces in the PRC and 
contributed 9.15% of the country’s total gross domestic product. 20  However, the province’s 
economic growth is energy intensive, highly polluting, and overwhelmingly dependent on coal, 
especially for heavy industry and winter heating. As a result, the province is a substantial 
contributor of air pollution in the country. 
 
78. The project will implement three clean heating and cooling subprojects to accelerate air 
pollution abatement in Shandong Province which are East Jinan Low-Emission Combined District 
Heating and Cooling Project, Shanghe Coal-Free Clean Heating Demonstration Project, and West 
Jinan Waste Heat Utilization and Clean Energy Project. The heating and cooling subprojects 
proposed are innovative, as they will combine renewable energy technologies and waste heat 
recovered from power plants to reduce the energy and carbon intensity of heat production and 
refrigeration, and thereby reduce air pollution and greenhouse gas emissions, as well as the heat 
island effect in urban areas. 
 
79. By the project completion, the renewable energy-based heating and cooling systems are 
to be integrated, and the capacity to install and maintain the clean heating and cooling 
technologies is to be strengthened. Waste heat from power plants will supply heat to 86.22 million 
m2, accounting for 82% of total floor area (as shown in Figure 26). The clean energy and new 
technologies for space heating, such as geothermal, biomass, heat pump and heat storage will 
provide heat to other 12% of floor area. The conventional energy, natural gas, provides the rest 
of the 6% of floor area. The total energy saved can reach 1,369,198 tce, reducing CO2 emission 
by 3,989,760 t, SO2 emission by 5,347 t, NOX emission by 4,536 t, Particulate Matters by 1,773 t, 
and PM2.5 by 1,430 t as shown in Table 12. 
 
 
 
 
 
 
 
 
 
 

                         
20 Government of the People’s Republic of China, National Bureau of Statistics of China. 2017. China Statistical 

Yearbook. Beijing. 
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Table 12 Energy savings and emission reduction of the project 
Subproject I: West Jinan Waste Heat Utilization and Clean Energy Project 

Energy Savings (tce) 1,167,533 

  CO2 SO2 NOx PM PM2.5(involved in PM) 

Baseline emissions (ton) 3,350,118  3,814  3,803  641  572  

Project emissions (ton) 59,326  43  208  216  178  

Emission reduction(ton) 3,290,792  3,771  3,595  425  394  

  Subproject II: Shanghe Coal-Free Clean Heating Demonstration Project 

Energy Savings (tce) 113,718 

  CO2 SO2 NOx PM PM2.5(involved in PM) 

Baseline emissions (ton) 810,120 1,463 885 1,342 1,020 

Project emissions (ton) 333,314 156 240 38 24 

Emission reduction(ton) 476,806 1,306 645 1,303 996 

 Subproject III: East Jinan Low-Emission Combined District Heating and Cooling Project 

Energy Savings (tce) 87,754 

  CO2 SO2 NOx PM PM2.5(involved in PM) 

Baseline emissions (ton) 263,572 289 294 49 43   

Project emissions (ton) 36,827 20 18 4 3.6 

Emission reduction(ton) 226,745 269 276 45 40 

Total energy savings (from all 3 

subprojects) 
1,369,005 tce 

Total emission 

reduction (tons, from all 3 subprojects) 
3,994,343  5,346  4,516  1,773  1,430  

 
Figure 26 Heating Sources Distribution 
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