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Abstract 

According to IEA SHC, China accounts for about 73% of world’s total installed solar collectors. And 
solar hot water (SHW) systems represent majority solar thermal application in China, constituting 
53% of the total installed capacity. However the lack of appropriate assessment methods for GHG 
reduction makes it difficult to clarify SHW systems’ contributions to carbon neutral goal. In this paper, 
a assessment method for the annual energy-saving and GHG reduction of SHW systems is proposed 
based on modified daily calculation method in ISO 9459-2. Then a testing center has been 
established and long-term energy-saving testing was conducted for model verification. At last, 
comparing with electric water heaters, the reference values for GHG reduction of SHW systems in 
different Chinese cities have been proposed through this assessment method.  

Background 

As climate change intensifies, achieving carbon peak and carbon neutrality has become an urgent 
task for the global response to climate change. Under such conditions, solar thermal represents a 
readily available solution to dramatically reduce carbon emissions in the building sector. According 
to the International Energy Agency (IEA), China accounts for 73.1% of the world’s total installed solar 
collectors, making it the world’s largest market, producer, and exporter of solar thermal products. 
Solar hot water (SHW) systems represent majority solar thermal application in China, constituting 
53% of the total installed capacity. So it can be said that SHW systems is making significant 
contributions to energy-saving and carbon reduction.  

However, it’s difficult to calculate detailed SHW systems’ contributions to carbon neutral goal. That 
is because of the lack of appropriate assessment methods for GHG reduction in China. Although 
there is CDM method (AMS-I.J) for SHW systems already, the difference in Solar resource, System 
type and Hot water demand profile between China and Europe make the CDM method not entirely 
suitable for GHG reduction evaluation in China. 

To develop an assessment method for GHG reduction of SHW systems under China’s solar 
resources and usage conditions, following research activities have been done: (1) Development of 
General Procedure. This step generate a procedure to evaluate the long-term GHG reduction 
performance of SHW systems. Initial Parameters were got by testing according to ISO 9459-2 and 
GB/T 18708-2002. (2) Long-term Modelling. A model for annual energy saving and carbon reduction 
by daily calculation was developed. (3) Long-term Testing and Verification. A long term testing field 
has been established and samples was tested to verify the model with the long-term operation data. 
(4) Performance in Different Locations. This step involves simulation of the GHG reduction of SHW 
systems in different cities and get total GHG reduction for SHW systems in China. 

General procedure 

The general procedure for GHG reduction assessment of SHW systems is based on the procedure 
in ISO 9459-2. However the ISO 9459-2 is not suitable for compact system which is widely used in 
China. Because the compact system is a kind of open loop system, drain water temperature remains 
same as no cold water added during draining stage. That means Drain water temperature curve 
would be different for compact system. It needs to be determined by Chinese national standard GB/T 
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18708-2002. Effect of output water temperature remains same should also be considered when do 
the daily calculation. After modification, the general procedure is as following: 

1) Get initial performance parameters with lab testing. 

Heat gain parameters, Heat loss coefficient, and Drain water temperature curve of SHW system 
sample should be tested in laboratory according to ISO 9459-2. If the sample is compact system, it 
should be tested according to GB/T 18708-2002, and get a Output water temperature curve with 
same output temperature vs 1 time tank volume.  

2) Calculate annual energy output and saving with a software 

The annual energy-saving of SHW system should be determined by daily calculation according to 
the procedure shown in Fig.1. This procedure is similar with that in ISO 9459-2. 

 

Figure 1. Annual energy-saving of SHW system calculation procedure 

3) Convert annual energy output to carbon reduction 

As most Chinese households use electric water heater to provide hot water when no renewable 
energy could be use, electric water heater is chosen as reference system in this research. Energy 
efficiency for electric water heater is 0.95. Then China has a unify electricity grid in whole country, a 
uniform electricity carbon factor, which is 0.5 kgCO2e/kWh, has been used to calculate the carbon 
reduction. This carbon factor is used in several Chinese national standards and reflects downward 
trend of carbon factors from electricity in the next 5 years in China. 

To help simplify the daily calculation, a software was developed (in Chinese) to make it easier for 
local experts to use the interface of software is shown in Figure 2.  

The inputs of the software are (1) meteorological parameters. Next, (2) general parameters: system 
type, collector area and storage volume. Next, (3) system performance parameters: heat gain, heat 
loss, drain water temperature curve. Next, (4) operation conditions: water usage schedule, daily hot 
water demand, tap water and hot water temperature. The outputs of the software are annual solar 
radiation, energy-saving and GHG reduction of SHW system.  
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Figure 2. Annual carbon emission reduction calculation software interface 

Long-term testing 

The GHG reduction testing field was established in Jiangsu province, China. Figure 3 show the 
layout of this testing field. Overall, a total of 25 types of solar thermal system, including compact 
SHW system (Figure 4 left), balcony (closed) SHW system (Figure 4 right) and heat pump water 
heaters, have been installed for long-term testing. The testing period lasted from December 23, 2021, 
to June 13, 2022, lasting a total of 173 days. 

 

Figure 3. Testing platform  

     

Figure 4. Testing samples (Left: compact system; Right: balcony system) 

The summary of testing results are shown in Table 1. For compact (open) system, the average daily 
heat gain is about 2.0~4.7 MJ/m2, compared with electric water heaters, the daily GHG reduction is 
about 0.33~0.75 kg/m2. For balcony (closed) system, daily heat gain is about 0.8~2.3 MJ/m2, 
compared with electric water heaters, the average daily GHG reduction is about 0.14~0.50 kg/m2. 
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Table 1. Testing results of SHW systems 

Sample System type Type 
Collector 

Area 
(m2) 

Tank 
Volume 

(L) 

Avg. 
Daily 
Heat 
Gain 

（MJ/ 

m2） 

Avg. Daily 
GHG 

Reduction 

（kg/ m2） 

1 Compact (open) system ETC 45° 2.25 140 3.62 0.58 

2 Compact (open) system ETC 45° 3.75 255 3.18 0.51 

3 Compact (open) system ETC 45° 2.32 158 4.63 0.75 

4 Compact (open) system ETC 45° 3.75 220 3.10 0.50 

5 Compact (open) system ETC 45° 2.25 160 4.05 0.65 

6 Compact (open) system ETC 20° 8.80 320 2.06 0.33 

7 Compact (open) system ETC 45° 3.90 256 3.92 0.63 

8 Compact (open) system ETC 40° 3.00 200 2.66 0.43 

9 Compact (open) system ETC 45° 2.50 150 3.40 0.55 

10 Compact (open) system 
ETC+HP 

45° 
3.75 240 3.04 0.49 

11 Balcony (closed) system FPC 45° 2.78 80 3.63 0.59 

12 Balcony (closed) system UFPC 90° 1.37 80 2.23 0.36 

13 Balcony (closed) system U FPC 90° 1.37 80 1.13 0.18 

14 Balcony (closed) system FPC 90° 1.73 80 0.86 0.14 

15 Balcony (closed) system FPC 70° 1.73 100 1.76 0.28 

Model verification 

To verify the model developed for daily calculation, Sample 1, 2, 14, 15 have been chosen to conduct 
the laboratory testing according to ISO 9459-2 and GB/T 18708 to get the initial performance 
parameters for long-term performance calculations and verification. The Sample 1, 2, 14, 15 include 
most popular SHW systems in China, and the long-term testing results showed an average level 
performance.  

With laboratory testing results and recorded weather data, Sample 1, 2, 14, 15’s daily heat gain and 
daily GHG reduction during long-term testing have been achieved with software developed. Table 2 
shows the validation results from the calculations as compared to the testing results. By comparing 
the calculated and tested average daily heat gain, the deviation is within 12%, verifying the accuracy 
of software calculations. 

Table 2 The comparison of simulated and tested results 

Sample System type 

Testing Results Calculated Result 

Deviation 
Avg. Daily 
Heat Gain 
[MJ/(m2·d)] 

Avg. Daily 
GHG 

Reduction 
[kg/(m2·d)] 

Daily Heat 
Gain 

[MJ/(m2·d)] 

Avg. Daily 
GHG 

Reduction 
[kg/(m2·d)] 

1 Compact (open) system 3.62 0.58 3.19 0.52 11.9% 
2 Compact (open) system 3.18 0.51 2.97 0.48 6.6% 

14 
Balcony (closed) 

system 
0.86 0.14 0.84 0.14 1.2% 

15 
Balcony (closed) 

system 
1.76 0.28 1.71 0.28 2.8% 
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GHG reductions in different region 

Due to the differences in solar resources, the GHG reduction has great difference in different cities. 
With the software developed, SHW systems’ GHG reduction performance in 34 cities, where are the 
provincial capital cities of all provinces in China, have been analyzed. During calculation, collector 
title was set to be the same as local latitude, electric water heater was chosen as reference system. 
Energy efficiency for electric water heater is 0.95. A uniform electricity carbon factor, which is 0.5 
kgCO2e/kWh, has been used to calculate different city’s carbon reduction. This carbon factor is used 
in several Chinese national standards and reflects downward trend of carbon factors from electricity 
in the next 5 years in China. Annual heat gain results were shown in Figure 5 and Table 3.  

To obtain the national average energy-saving and GHG reduction performance, the average resulted 
is weighted according to the population of each province. Then the average heat gain is 419.39 
kWh/m², and the average GHG reduction is 220.73 kg/m².According to the Solar Heat Worldwide 
2024, China’s total installed solar thermal collector capacity is 545 million m2. Assuming these are 
all solar hot water systems, then it indicates that the annual GHG reduction will be 120 million tons.  

 

Figure 5. Annual heat gain and population proportion in different cities 

Table 3 Annual heat gain and population proportion in different cities 

Sample Province City 
Solar 

energy 
resources 

Horizontal 
radiation 

(MJ/m2) 

Annua heat 
production 

(MJ/m2) 

Annua heat 
production 
(kWh/m2) 

Annual 
carbon 

reduction 
(kg/m2) 

1 Tibet Lhasa 
Extremely 

rich 
7163.27 2820.31 783.42 412.33 

2 Ningxia Yinchaun Abundant 5947.14 2323.00 645.28 339.62 

3 Neimenggu Hottot Abundant 5757.01 2384.43 662.34 348.60 

4 Qinghai Xining Abundant 5668.91 1835.39 509.83 268.33 

5 Yunnan Kunming Abundant 5638.01 1991.53 553.20 291.16 
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Sample Province City 
Solar 

energy 
resources 

Horizontal 
radiation 

(MJ/m2) 

Annua heat 
production 

(MJ/m2) 

Annua heat 
production 
(kWh/m2) 

Annual 
carbon 

reduction 
(kg/m2) 

6 Xinjiang Urumqi Abundant 5149.22 1739.47 483.19 254.31 

7 Gansu Lanzhou Abundant 5069.71 1527.98 424.44 223.39 

8 Taiwan Taibei Abundant 5059.38 2029.35 563.71 296.69 

9 Hainan Haikou Abundant 5043.01 1976.08 548.91 288.90 

10 Jilin Changchun Rich 5037.14 1470.26 408.41 214.95 

11 Shanxi Taiyuan Rich 5023.83 1570.52 436.26 229.61 

12 Macao Macao Rich 5017.35 2003.93 556.65 292.97 

13 Guangdong Guangzhou Rich 4995.84 1944.07 540.02 284.22 

14 Hebei Shijiazhuang Rich 4970.02 1649.64 458.23 241.18 

15 Hongkong Hongkong Rich 4926.04 1991.38 553.16 291.14 

16 Liaoning Shenyang Rich 4909.24 1320.54 366.82 193.06 

17 Tianjin Tianjin Rich 4806.00 1524.51 423.48 222.88 

18 Shandong Jinan Rich 4801.50 1507.62 418.78 220.41 

19 Henan Zhengzhou Rich 4785.55 1481.77 411.60 216.63 

20 Shanghai Shanghai Rich 4728.68 1627.61 452.11 237.95 

21 Heilongjiang Harbin Rich 4695.60 1380.66 383.52 201.85 

22 Beijing Beijing Rich 4663.48 1655.48 459.86 242.03 

23 Anhui Hefei Rich 4499.39 1395.81 387.73 204.07 

24 Fujian Fuzhou Rich 4482.13 1576.56 437.93 230.49 

25 Hubei Wuhan Rich 4466.06 1373.12 381.42 200.75 

26 Guangxi Nanning Rich 4417.63 1568.71 435.75 229.34 

27 Jiangsu Nanjing Rich 4377.84 1510.15 419.49 220.78 

28 Shaanxi Xian Rich 4368.51 1333.86 370.52 195.01 

29 Zhejiang Hangzhou Rich 4333.13 1292.59 359.05 188.98 

30 Jiangxi Nanchang Rich 4151.59 1321.10 366.97 193.14 

31 Sichuan Chengdu Rich 4087.70 1200.59 333.50 175.52 

32 Hunan Changsha Rich 3986.47 1128.89 313.58 165.04 

33 Guizhou Guiyang Normal 3648.35 864.43 240.12 126.38 

34 Chongqing Chongqing Normal 3186.10 872.24 242.29 127.52 



 

2-4 Dec 2025, Brisbane 

 
Conclusion 

This paper proposes a assessment method for the annual energy-saving and GHG reduction of 
SHW systems based on modified daily calculation method in ISO 9459-2. Then a testing center has 
been established, and long-term energy-saving testing was conducted for model verification. At last, 
comparing with electric water heaters, the reference values for GHG reduction of SHW systems in 
34 Chinese cities have been proposed through this assessment method. This methodology would 
provide technical support for GHG reduction assessment in solar thermal industry and the 
development of future international standards. 
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