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Abstract 
 

Buildings energy consumption is rising continuously with massive urbanization progress, which 

then results in high greenhouse gas emission. A standing example is the urbanization process 

going on in the south-west part of China. Much has been discussed for improving building 

energy performance. However, to take another point of view, renewable energy source fo r 

buildings is a solution worth considering, for instance STES, which gains thermal energy from 

the sun, delivers it to buildings for space heating and hot tap water, also restores the solar 

energy in hot seasons in the storage system for the need of cold season.  

 

The aim of this paper is to couple the technology of STES with practical situation, explore the 

possibility of applying STES in south-west of China. This thesis work takes an estimation 

approach to weigh the possibility. The building project studied in this thesis is a campus project 

in the city of Guiyang, one of four major cities in the region of south-west China.  

 

Case study involves existing STES projects in Munich Germany and Anneberg Sweden, the 

performance evaluation of the Anneberg project is later to serve as an example in system gain & 

losses proportion, to guide the estimation work of the campus project. 

 

The estimation conclusion is drawn based on a cross-sectional analysis method, take the 

technology of STES, the practiced STES project and building projects in China as three loops 

visually, and observe how much they overlap each other. Behind the visual illustration, the 

overlapping is assessed with several factors, for instance possibility of storage system at 

location, possible STES performance and solar irradiation condition at site location etc. If most 

of these factors are checked to be “Ok” or “Good”, then the overlapping area is considered 

“large” enough, and therefore suggests a decent chance to implement STES system in the south-

west China. 

 

A solar gain and sunlight simulation from a new police station energy consumption report 

assists in calculating the possible solar gain for the campus project, as the very close distance 

between these two sites (30 km) promises them the very similar solar irradiation condition. 

While the energy consumption of the studied campus project offers the energy demand for space 

heating and hot tap water in the need of 19,000 students, which is to be evaluated as the task of 

the STES system in the estimation work. Both building project reports are filed by GARDI 

(Architecture design research institution of Guizhou).  

 

Some key factors have been calculated and estimated, the heat demand of the studied campus 

project in Guiyang is 5,558 MWh/year, and the possible solar gain of this campus complexity is 

4,900 MWh/year based on the gain & losses proportion of the Anneberg project evaluation. Due 

to the very different climate condition of Guiyang and Anneberg, as well as other uncertain 

factors such as effective roof area, solar collector efficiency, a sensitivity analysis evaluated the 

result with different parameters in changes of percentage. Final results in the changes of 

effective roof area at 80% and 85 %, borehole losses at 50% and 45%, available solar gain at 

38%, STES system is shown to be capable of providing sufficient heat to buildings. If the 

heating demand and hot tap water, in the case of the campus project alone are all covered by 

STES system, there will be a reduction in CO2 emission of 5,368 tons/year.  

 

Cross-sectional analysis concludes four out of eight factors checked as “Good” and two as “Ok”,  

other two as “Unsure”. Other three cities (Chengdu, Kunming, and Chongqing) are brought to 

comparison later regarding climate condition. Besides Guiyang, two out of three are evaluated 

to have potential of STES implementation according to their sun hours, annual average 

temperature etc. STES system is estimated to be possible for implementation in south-west of 

China as the conclusion.  
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Abbreviations and symbols 
 

 

 

ATES                                             Aquifer Thermal Energy Storage 

 

BTES                                            Borehole Thermal Energy Storage  

 
BHS                                                        Borehole System 

 

DHW                                                    Domestic Hot Water 

 

DLSC                                          Drake Landing Solar Community 

 
GARDI                          Architecture design research institution of Guizhou 

 

HVAC                                   Heating Ventilation and Air Conditioning 

 

IEA                                                 International Energy Agency 

 
PCM                                                     Phase Change Material 

 

STES                                             Seasonal Thermal Energy Storage 
 

Cp                                                       Specific heat capacity 
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1. Introduction 

1.1 Background 

1.1.1 Building energy consumption around the world 

The deficit between over-extracted energy source and under-supplied energy is no news to the 

world, not only the shortage has to be covered, but also the heavy environmental impact by 

that has raised much concern. Data from the International Energy Agency (IEA) has shown 

that the energy consumption trends from 1984 to 2004, primary energy has grown by 49% 

and CO2 emissions by 43%, with an average annual increase of 2% and 1.8% respectively 

(Lombard et al., 2008). Among the three main energy consumers (industry, transportation, 

buildings), building sector has attracted more attention than ever. 

 

Buildings, including residential buildings, commercial buildings and public buildings have 

become a major energy consumer, demanding around 40% of the world total energy use. In 

developed countries, the figure of both residential and commercial buildings in energy 

consumption has increased between 20% and 40 %, which is already overtaking other sectors, 

industry and transport. For instance, in the UK, energy brought for buildings has reached 47% 

of its national energy consumption. (Wang et al., 2009) As in developing countries, take the 

largest energy consumer, China, has its residential and commercial buildings combined 

reaching 23% of total energy consumption, according to building energy conservation 

research center of Tsinghua University (2010).  

 

The data from three years ago looked not as significant as the cases in the Europe, but bear in 

mind that within three years and from now on, the rising population, the massive urbanization 

process and the ever growing demand of better living quality of people have and will make 

the numbers climb up to a much higher level, same for other developing countries and 

emerging economies. As IEA stated, global primary energy demand will increase by 53% by 

the year of 2030 if no new governmental measures would be applied to handle current energy 

consumption efficiency, and over 70% of which will be leading by developing countries like 

China and India, also resulting a 55% more CO2 emission than current level (Urtasun, 2008). 

 

Therefore, in the large and vital project of saving energy and minimizing the environmental 

impact, reduce the energy consumption is a more than important part. There is much potential 

of buildings to improve energy efficiency, in lighting, ventilation, space heating, domestic 

power consumption etc. 

 

Within various energy end uses in buildings, space heating and hot water are responsible for a 

large portion, about 80% in Canada (Oee.nrcan.gc.ca, 2014) and 82% in European residential 

buildings (Linder & Bhar, 2007). This gives a clear sign that if one wished to save energy in 

buildings, space heating and hot tap water should be where to begin. There are some 
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alternatives and means to reduce the consumption of space heating and hot tap water, for 

instance, enhance insulation, mechanical ventilation, heat recovery in ventilation, implement 

low-E windows; or, attach heat pump to the heating system grid, attach solar collector on the 

roof, exhaust heat from industry for space heating, and one alternative among many is named 

Seasonal Thermal Energy Storage (STES), as the core of this thesis.  

1.1.2 Overview of building energy in China 

With the ongoing urbanization progress and rising living quality demand in China, no doubt 

building energy is set to become the second energy consumer, putting transport to the third 

and catching up with industry (Tu, 2002). Speaking of buildings in south-west of China, a 

large portion of building energy demand is provided by combustion power plants, by the same 

time producing large amount of carbon emission. To some extends it is urgent to explore 

alternative energy providing solution to meet the demand of various types of building. Three 

main sectors of building energy consumers are listed as residential buildings, commercial 

buildings and public buildings. These three building energy consumers are to be presented as 

follow. 

 

 

Figure 1 Proportion of energy consumers in China, China Energy Data book 2005  

 

Residential buildings 

The booming economy boosted a rapid growth in urbanization and residential building 

construction. In the year of 2003, residential buildings energy demand cost the amount of 

energy equaled to 192.684 million tons of standard coal, which stood as 11.3% of national 

energy end-use (National bureau of statistics of China, 2004). New construction is restlessly 

increasing at a rate of 1.6-2 billion per year, 97% among them are high energy intensity 

buildings (Ye, 2005). To fill up the demand of space heating and hot water, district heating is 

implemented in the North of China. However in the South, heating is provided by electricity 

based heaters. In the “Hot summer cold winter zone” (classified climate zone covers p South-

west of China), household electricity for space heating and cooling requires a load of 0.2 

billion kW, which would take 11 Three-gorge hydro power plants to meet the power demand 

and in an energy value prospective it is considered a waste (Fu, 2000). 

 

Commercial buildings  

Zhou and Lin (2008) estimated the commercial use of energy in China counted for 9% in 

2000, as equivalent of 127.8 million tons standard coal, mostly delivered to coal boilers for 
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providing space heating. By the year of 2020, space heating is to increase from 35% of 

national coverage to 55%, as the heating zone will break the historical limit which only 

provided heating in the northern area of China, soon the southern area will be included. In 

2006 (and the first half of 2007) Zhao et al. (2008) conducted an analysis of a typical 

commercial building energy consumption in the city of Tianjin, a northern city of China. The 

annual electricity consumption of this shopping center was 239.8 kWh/m2 mainly consumed 

by HVAC (Heating Ventilation and Air Conditioning) system, coal-gas consumption of 

restaurants employed in the center was recorded 1.37 Nm3/m2, and 1.56 tons/m2 of water 

consumption. As Dai and Wu (2007) pointed out, the electricity consumption (may including 

lighting, ventilation, transporting and space heating) of large scale building ranged from 70 

kWh to 300 kWh for every unit area, which could be 10-20 times more than residential 

building. 

 

Public buildings 

Buildings such as office, school, hotel, hospital, retails and others are classified as public 

building in China, which are about 20% of all new constructions national wide. The 

consumption of public buildings is increasing at 7% per year until 2020, among which 50-60% 

is for HVAC system, and 20-30% for lighting (Hong, 2009).  

1.2 Aim 

The demand in space heating, hot water and energy saving has brought much attention in 

China more than ever, and debates were roused on this issue. Alternative solution to 

providing building energy demand is an attracting field of study.  

 

An interest grew after learning the current situation of building energy consumption and 

available technical solutions with great potential such as STES; the aim of this study is to 

explore the technique of STES and the possibility of applying it in South-west of China. To 

explore the possibilities, an investigation of finding cross-section between STES technology, 

STES implemented project in Sweden and building energy demand in South-west China is to 

be held. 

1.3 Area of interest 

The reasons of choosing south-west of China as area of interest lie in following points:  

1. South-west of China by far provides no district-heating or central heating in cold seasons, 

but the need of such service exists, and the potential demand is large 

2. Fast economic growth comes with fast urbanization, building energy consumption is 

rising quickly, while the proportion of urban area is not as large as the north, wh ich 

creates an opportunity of practicing different concept at early planning stage 

3. Familiar area to the author, access to ongoing project information and local experience 
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2. Method 
 

The method of this thesis work is consisted of three parts, the first part serves as a pre-study 

of the entire thesis work, mainly literature studies of STES technology. Then followed by 

case studies of the Munich project in Germany, and Anneberg project in Sweden, both 

involve solar assisted heat storage system. The second part consists of two building projects 

in south-west of China, addressing the possible size of building complexity, energy 

consumption and solar gain. Ending with the third part is a cross-sectional analysis, to weigh 

the cross-section of case studies of Germany and Sweden, the energy consumption and 

building construction in China, and existing STES technologies, so to study the possibility of 

applying STES method in south-west of China. Each part applies different approach. 

 

2.1 Part one 

The first part is to start with literature surveys of available STES technology, from 

introduction of the system in general to details of the storage concept, storage mechanism, 

storage medium and solar collecting system. As the foundation of later work, hereby provide 

selections of available options for the further cross-sectional analysis. The literature studies 

were conducted through article searching on Sciencedirect.com and influential work carried 

out by companies and institutions.   

 

In case studies, the Munich project with solar assisted heating network is a brief layout of 

overview, system and storage concept of implemented STES system, focused on giving a 

simple image of an existing STES project, and the construction structure of the storage tank 

and storage method. The case of Anneberg is in details, more of the STES technical 

performance, with followed up investigation over eight years of duration. This report set an 

example of analyzing borehole storage system in energy gains and losses; also it provided 

experience in predicting potential malfunction in long term system operation.  

2.2 Part two 

In part two joined reference cases from China are presented, one energy consumption 

evaluation report and one solar gain simulation report were provided by a building design and 

research institutions in China, regarding details of electricity, water, solar irradiation 

condition and space heating & cooling consumption of the reported building projects. The 

reports refer to public building projects both in the city of Guiyang, south-west of China.  

 

Calculations and estimations were practiced in this part to acquire essential values. The cost 

of water, electricity, natural gas, heating and cooling load were converted to consumption of 

standard coal first via a converting index (in Table-10) then regarding the current coal price of 

each ton, they were derived into the final cost in SEK figure, according to recent currency 

exchange rate.  
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According to the solar irradiation simulation outcome of the police station project, and the 

building surface area, the value of solar gain on the top surfaces of the building could be 

acquired. Due to the fact that this site is geographically close to the campus project site, the 

solar radiation conditions was taken to be consistent and therefore the solar gain of the police 

station was then employed in an area based re-scaling work to calculate the possible solar 

gain of the campus building complexities.  

 

                                            

                                                               
                      

                   [1] 

Referring the Anneberg project as an example, the losses in boreholes, delivered solar energy, 

available solar energy from collectors etc, were converted into relations of proportions, and 

then employed in assisting the estimation of the losses and gains of the campus complexity 

with STES, if a similar system were installed at the campus site 

 

Table 1 Deriving process, estimate STES performance based on Anneberg project 

Anneberg project  Campus project in Guiyang 

Total heat load E heat demand E heat demand 

Available solar 

energy from 

collector field 

a% of E solar gain 

of Anneberg project 

a % of E solar gain, calculated in part 

three 

Energy 

transported to the 

borehole storage 

b% of E solar gain 

of Anneberg project 

b% of E solar gain, calculated in part 

three 

Borehole storage 

losses 

c% of E to 

borehole 

c% of E to borehole 

Energy 

transported to the 

system from 

borehole storage 

d% of E solar gain 

of Anneberg project 

d% of E solar gain, calculated in part 

three 

Losses in 

distribution 

system 

Y Y 

Available 

radiation on 

collector aperture 

E solar gain of 

Anneberg project 

E solar gain, calculated in part three 

 

For an estimation work without actual data from a completed existing project, error followed 

along the calculations due to the fact that the outcome from Anneberg project is not likely to 

be exact similar to the campus project in China, so the performance of STES at the campus 

estimated might not give the outcome as correct as expected. A sensitivity analyze was 

carried out to exam how different parameters effect the performance of STES assumed in the 

campus project, for instance the effect of shaded area, losses, climate effect etc.  

 

Considering the natural condition of two different locations, the colder weather in Anneberg 

and the warmer weather in Guiyang, it was on the safe side to conduct the estimation of STES 
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performance in Guiyang based on the evaluation of STES in Anneberg. Given by the warmer 

climate of Guiyang, the heating demand, by similar size of complexity, could only be lower 

than what it was in Anneberg. And so is the soil temperature underground and temperature of 

the collectors, which would cause less heat losses and result in more heat gain from the 

collectors as well as heat stored in the boreholes. So despite that the estimation is not 

precisely correct, for an overview work of estimation, it is valid and “safe”. 

 

Discussion joined to address the selection of storage method and solar collector type. 

Different methods and solar collector type possess advantages and disadvantages, regarding 

particular project, specific discussion is needed to provide optimum system composition, due 

to complexity size, energy demand and geographic conditions.  

2.3 Part three 

The last part, as mentioned before, is a cross-section analysis; a visual figure of it is shown 

below: 

 

 

Figure 2 Cross-section analysis 

 

The possibility of applying STES system in the city of Guiyang was assessed by the “area” of 

the slice of yellow pie in the cross-sectional location shown in Figure 2, if the yellow area 

was significantly “large” enough, it would be assessed to be possible for STES application, if 

the area was insufficient to make assessment or too limited, it would be considered unworthy 

for such investment. Literately speaking, the assessment involved concerns in several 

perspectives: 

 

1. Solar irradiation of site location 

2. Temperature of site location 

3. Geography condition for storage method 

4. Space heating demand of building 

5. Possibility of solar collector installation on building 

6. Possibility of storage system at location 

7. Possible performance of STES system 

8. Environmental impact 

 



 

20 

 

Finally, the conclusion was settled with the “size” of the overlapping area, a significantly 

large area suggesting the feasibility of implementing STES in Guiyang, in the opposite way 

such system would be denial by the local situation. Another important issue has been 

addressed, the long term performance of STES. The system is not likely to maintain the initial 

efficiency of heat transfer, thermal insulation and air tightness etc, the operation performance 

is going to drop after a few decades or even less. Estimation regarding long term performance 

was included, based on experience gained from the follow-up investigation of Anneberg 

project. Knowing the pay-off time of STES can be very long, and the longer it last, the more 

likely it will be a worthy investment.  

 

Important to know is, every concern is essential in the assessment, if several of these concerns 

turned out to be serious enough which hinder the construction or operat ion of the STES 

system, it is considered not suitable at the site location. Meaning the cross-section area is not 

significantly “large enough”.  

 

The results of the analysis was only based on project in the city of Guiyang, a regional 

climate comparison was conducted in the end to address climate condition of three other 

major cities in the south-west part of China, evaluate this region regarding annual average 

temperature and sun hours mainly, and thusly discuss the possibility to extend STES utility to 

the major part of south-west of China.  
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3. Literature survey and case study 

3.1 Literature survey of STES 

The energy crisis in 1970s was the cause of initiating the research of seasonal energy storage 

(Xu et al., 2013). By the time, the terrifying growth of oil prices forced researchers and 

engineers to consider better insulated buildings and alternative energy sources. As one of the 

outcomes, the development of seasonal energy store started. 

 

Given the name begins with “seasonal” it is easy to tell that the technology involves seasons 

variation. To be specific, it will mostly be summer and winter, the two most contrasted 

seasons in the sense of difference in temperature. In summer, when temperature is high, heat 

is to be stored, when winter comes, the heat in store will be extracted for heating purposes. By 

the time heat is collected and stored in summer, the process of collecting heat can also serve 

for cooling demand. 

 

 

Figure 3 Schematic layout of the district heating system (Raab et al., 2004). 

 

The schematic above gives an overview of STES system structure. In the summer, or daytime, 

the solar collectors mounted on the roof of the building gather thermal energy from solar 

radiation, and then the energy is transferred by the transferring medium, usually a fluid (air or 

water) to radiator and hot tap water, then to the underground storage. The heat will be stored 

either directly by the storage medium or indirectly via a heat exchanger. Cold water is to be 

circulated back to the collectors for re-heating and provide heat to the building again. In 

winter or night time, the heat is then extracted from the storage and delivered to the building 

for space heating and hot tap water demand. The efficiency of STES system is split into each 

of its different sub-systems, the efficiency of the solar collectors, the storage tanks, mainly.  

 

Going into details, thermal store technology can be classified as long-term heat store and 

short-term heat store. STES is in the category of long-term thermal store (Xu et al., 2013). 

Regarding to STES, it can be classified by storage mechanism (sensible, latent or chemical),  

and by storage concept (active or passive) (Pinel et al., 2011), which are to be explained 

below.  
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3.1.1 Storage concept 

3.1.1.1 Active storage system 

The characteristic of active storage is by having forced convection in storage material. The 

storage medium circulates itself. There are two divide sub-system of active storage:  

(a) Direct (or closed loop) system, the working medium in that also circulates in the solar 

collector.  

 

Figure 4 Closed loop sorption storage principle (reproduced from Bales et al., 2008). 

 

(b) Indirect system uses different mediums in collecting and storing heat  

 

 

Figure 5 the open loop thermo-chemical storage principle (Pinel et al., 2011). 

 

3.1.1.2 Passive storage system 

Passive storage system works with liquid, solid, a phase change material (PCM), a reactant of 

a chemical or sorption reaction. The transport medium deliveries heat to and from the storage 

medium. It is driven by temperature difference, which happens to be a disadvantage in 

sensible heat storage, as the driving force is to be reduced by the charging and discharging 

process. Also some low thermal conductivity storage materials can limit its function (Pinel et 

al., 2011).  

 

3.1.2 Storage mechanism 

3.1.2.1 Sensible storage system 

Sensible storage system is an easy understanding, demonstrating and popular system; it is 

relatively cheaper and simpler than other alternatives as well. Sensible storage system store 

heat as internal energy as the result of increasing temperature of the working medium, the 

medium can be both liquid and solid. Sensible storage system has been developed and used 
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for centuries; other alternatives are not yet as competitive as sensible heat storage in 

reliability, economic aspect (Pinel et al., 2011).  

 

3.1.2.2 Latent storage system 

Latent storage system applies PCM. The process of heat storing is nearly isothermal. It is 

normally practiced in melting ice, paraffin, fatty acids, salts or mixture, which is depending 

on the temperature required in the storage. These mediums are generally classified as organic 

(paraffin, fatty acid) and inorganic (salts). When the temperature in the storage is higher or 

lower than the fusion temperature, it is possible to store heat in sensible form. While at the 

fusion temperature, an undergoing phase change process occurs and which cause the medium 

starting to absorb or release heat at a constant temperature (nearly) so long as the phase 

changing is not completed or as long as the energy injected or extracted is not equal to its 

enthalpy of fusion. Therefore the potential of a latent heat storage compound is equal to its 

enthalpy of fusion (Pinel et al., 2011). There are advantages and disadvantages for both 

organic and inorganic compound: 

 

Table 2 Advantages and disadvantages of organic and inorganic storage method, Zalba et al., 2003 

 Organic Inorganic 

Advantages No corrosives 

Low or no undercooling 

Chemical and thermal 

stability 

 

Greater phase change 

enthalpy 

Disadvantages  

Lower phase change enthalpy 

Lower thermal conductivity 

Inflammability 

Undercooling 

Corrosion 

Phase separation 

Phase segregation, lack of 

thermal stability 

 

3.1.2.3 Chemical  

Some chemical reaction process involves heat release and store. Mostly metal-gaseous atom 

reactions, for instance magnesium sulphate: MgSO4·7H2O⇒MgSO4(s) + 7H2O, or silicon 

oxide: SiO2⇒Si + O2. They are with different volume of storage density, for magnesium 

sulphate it is 2.8 GJ/m3, for silicon oxide it will be 37.9 GJ/m3 (Bales et al., 2008). The 

process of the heat release & absorb reaction is shown as below: 

 

 

Figure 6 Chemical reaction storage prototype from IEA SHC Task 32 (reproduced from Bales et al., 2008). 
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3.1.3. Storage medium 

Different storage systems are associated with different mediums. Water-based systems 

include water tank system and aquifer system. Or rock beds and ground soil system. The 

storage mediums should be suitable for the storage mechanism and concept, also consider the 

cost-effect analysis and system life cycle (Xu et al., 2013). So far in all existing storage 

constructed, water tank has been chosen most widely.  

 

3.1.3.1 Water-based system 

In sensible storage system, water has higher specific heat capacity (Cp), and high capacity rate 

while charging and discharging. The working medium in water-based system is just as its 

name, water, to transfer and store heat. Water tank system and aquifer system are two 

branches of water based system. (Xu et al., 2013)  

 

3.1.3.1.1 Water tank system 

Water tank system is built up with stainless steel or reinforced concrete and been well 

insulated. The tank is usually buried underground, on the roof of house or outside of the 

building. As simple as water tank system, it has been wildly used in many projects. (Xu et al., 

2013) 

 

 

Figure 7 horizontally partitioned water tank for a large-scale solar powered system at SJTU (Han et al., 2009). 

 

3.1.3.1.2 Aquifer system 

Unlike water tank system, in which water is contained in an artificial structure, aquifer system 

takes water from nature source, mostly underground water. Absent the cost of tank 

construction, but with the same advantage of the high specific heat capacity of water, aquifer 

system has been noted as a promising cost-effective option for seasonal energy storage. The 

method was founded by a large number of preliminary theoretical studies from 1976 

(Dickinson et al., 2009). The system has been practiced in industrial scale in Germany (Seibt 

& Kabus, 2006; Snijders, 2000). Two wells should be drilled in an aquifer system, a hot well 

and a cold well. Underground water is the heat carrier in the system, and the storage medium 

is the geologic formation of aquifer. When charging, cold well produces the ground water, 
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have it heated by the energy from solar panel and transported into the warm well. When 

discharging, the flow is going the reversed way. Given by the high Cp value of water and the 

porous media feature, aquifer system can function to store and retrieve heat as introduced 

above. A good site choice could offer a well-functioning aquifer system, which makes the site 

choice a crucial factor. (Xu et al., 2013) 

 

 

Figure 8 Scheme of a heat supply system (DHW) (Schmidt & Mu¨ller-Steinhagen, 2004). 

3.1.3.2 Rock beds 

Rock bed storage system can tolerant much higher temperature than water-based system, heat 

in this system is usually circulated with water or air as heat carrier to extract heat gained in 

summer and use it in winter. (Xu et al., 2013) 

 

Figure 9 Schematic diagram of the solar air heating system on Qinhuang Island, China (Zhao et al., 2011). 

 

A pebble bed is buried underground as heat storage, after heat is collected from solar panel on 

the roof of the building; it is then delivered water (or air) down to the rock bed storage during 

day time, or in the sense of “seasonal”, summer, then released to the building for space 
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heating purposes during night or winter. The discharged water with low temperature is 

circulated back the solar panel to be re-heated and join the circulation again. Due to the low 

energy density property of rock, to meet the demand of space heating and hot tap water, the  

rock bed usually has to be in a large scale, about three times larger than water -based tank 

system.  

3.1.3.3 Ground/soil storage 

The ground/soil storage has no requirement of tank construction or bed area; it carries out the 

store function with ground and soil itself, similar to aquifer system. With the large area of 

ground, the system is cable of storing a large amount of heat gained from solar collectors. The 

storage area is drilled and then inserted with numbers of vertical cylinders as heat exchanger 

units, which also gives another name for the system as Borehole Thermal Energy Storage 

(BTES). Soil within the storage area will function as storage medium, preferably soil with 

water-saturated soil or clay stone as they have higher specific heat capacity and prevent 

ground water infiltration. (Givoni, B., 1977) Just like rock bed system, the ground/soil system 

takes 3-5 times more space than water-based system. To have good heat transfer between the 

cylinders and surrounding soil, the space from one cylinder to another is filled with high 

thermal conductivity materials; they are maintained in a certain distance and formation, the 

outskirt cylinders will serve as insulation of the entire heat storage system. Given by the 

nature of soil, BTES can provide stable heat storage for a long period without having to be 

maintained.  

 

 

Figure 10 Solar seasonal storage and District Loop of DLSC (Drake Landing Solar Community, 2012). 

 

3.1.4. Solar collector 

Another important component of seasonal thermal energy storage system is the solar collector. 

Solar collector converts solar radiation to thermal energy transferred and stored by working 

fluid. The most used collectors are vacuum tube collectors and flat-plate collectors. As the 

energy source of the system, solar collectors must to be capable to absorb as much solar 

radiation as possible (Winter, 1991), and maintain long term durability. The existing solar 

collectors are divided in two types: concentrating collectors and non-concentrating collectors 

(Kalogirou, 2004).  
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3.1.4.1 Concentrating collectors 

A concentrating collector is attached by a concave reflecting surface to catch and re-direct the 

sunlight to a much smaller solar irradiation receiving area, a sun-tracking system is also there 

to assist the collector in intercepting sun light. When the system operates under higher 

temperature, the focus and re-directing mechanism can offer an increase in heat flux and 

result as a higher Carnot cycle in the thermodynamic cycle (Tian & Zhao, 2013). In 

concentrating collectors, there are two branches of it known as Heliostat field collector and 

Parabolic dish collector.  

 

 

Figure 11 Concentrating solar collectors, (Energy Storage Industry News, n.d) 

 

3.1.4.1.1 Heliostat field collector 

Heliostat field collector is also known as Central receiver collector; it is composed by groups 

of flat mirrors or heliostats. The mirrors are precisely orientated by an automatic control 

system to track the sunlight movement due to time change during a day. And then the sunlight 

is to be reflected to a common tower, where a steam generator is located to receive the 

incoming heat and use it to produce high-temperature and high-pressure steam, the steam will 

then drive a turbine generator to produce electricity (Tian et al., 2012).  

 

 

Figure 12 Schematic of heliostat field collector, (U.S. Department of Energy, n.d) 
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3.1.4.1.2 Parabolic dish collector 

The Parabolic dish collector is a satellite dish like shaped system with arrays of parabolic dish 

mirrors to reflect and re-focus the solar irradiation to a receiver at a common location for the 

mirrors. The fluid contained in the receiver is heated by the solar energy and converted into 

high-temperature and high-pressure steam for electricity production. Parabolic dish collector 

is advanced in some aspects: high optical efficiency, low start-up losses and good modularity 

to easily locate it in remote area to meet power demand, compare with the high cost of 

centralized power supply (Tian et al., 2012). 

 

 

Figure 13 Parabolic dish collectors, (marblar_data.s3.amazonaws.com, n.d) 

 

 
Figure 14 Parabolic solar collector optical efficiency simulated with transmittance model, (Li et al., 2013) 

3.1.4.2 Non-concentrating collectors 

Unlike concentrating collectors, the intercepting area of non-concentrating collectors also 

works as its absorbing area. There are no re-directing and focus components in the system, 

neither is common receiver. Flat-plate collector is a typical type of non-concentrating 

collectors. 

3.1.4.2.1 Flat-plate collector 

Absent of sunlight tracking system and solar irradiation re-directing, a flat-plate collector is 

usually permanently fixed at a certain position where it faces the sunlight properly to intercept 

decent amount of solar energy. The collector is built with glazing covers, absorber plates, 

insulation layers, recuperating tubes and other auxiliaries.  
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Figure 15 Flat plate collectors, (Gogreenheatsolutions.co.za, 2011) 

 

 

Figure 16 Flat plate solar collector efficiency under different flow rates, (Chen et al., 2012) 

 

Glazing covers are to reduce the convection losses from absorber plates and the irradiation 

losses from collector due to greenhouse effect, for which it is made of single or multiple 

sheets of glass with high transmissivity of short-wave radiation and low transmissivity of 

long-wave radiation (Khoukhi & Maruyama, 2005) (Parsons, 1995).  

 

The absorber plates are blackened coated to approach the effect of a black body, absorb a 

large amount of solar radiation. Surface of the collector is cover by a thin upper layer, to filter 

out the long-wave radiation and help absorb short-wave radiation. Then a thin lower layer 

with high reflectance and low emissivity for long-wave radiation is there with the upper layer 

to form the selective surface to reach a desirable optical performance (Tian et al., 2012).  

 

 
Figure 17 Schematic of the double-passage solar collector with porous media (Sopian et al., 2009) 
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Short-wave radiation transmitted from the glazing is gathered by the absorber, the heat gained 

is then carried away by the transferring fluid (air, water or oil) to offer heat for space heating, 

storage tank, or to a heat exchanger for other purposes. The insulation there is to prevent heat 

losses through the lower part of the plate which could be in direct contact with the high 

temperature fluid. Heat gathered and transferred in the collector can boost the temperature of 

transferring fluid to a high level, for the concern of security and system durability from 

collector being overheated, heat absorbed by absorber needs to be transferred to working fluid 

rapidly, therefore a well functioned solar receiver is necessary (Tian et al., 2012). Valves and 

extra steam storing tanks have been attached to prevent such risk in some systems as well. 

 

3.2 Case studies in Munich, Germany and Anneberg, 

Sweden 

3.2.1 Munich, Germany 

 

Project overview 

The case of interest is located in Munich, Germany, the project started in 2000. Schmidt et al., 

(2003) noted that since 1995, eight solar heating plants with seasonal storage system had been 

built in Germany, as research works in responding to the government planning of reducing 

CO2 emission by 25% at the end of 2005, compare to the level of 1990. Multi-family houses 

construction of the site started from 2005, STES was added to the community in 2006 

summer, and heating supplied by the system was initiated from 2006 autumn. 

 

The STES system was consisted with a 2900 m2 solar collector, a 5700 m3 volume of STES 

water tank, providing 2300 MWh/year heat to 300 apartments, with a 1.4 MW heat pump 

attached, under solar fraction (the ratio between energy provided by solar technique and the 

total energy demand) of 47% according to ZAE Bayern TRNSYS-Simulation work. The cost 

of every kWh of solar heat was predicted to be 0.24 €. 

 

 

Figure 18 Site planning of the Munich project (©Munich City)  
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System concept 

 

Figure 19 Schematic of the solar assisted heat storage system (Schmidt & Mangold, 2003) 

 

Figure 19 illustrated the system composition of the STES implemented in the Munich project; 

solar irradiation is captured by the collectors, and delivered to the local heat distribution 

network first, if the absorbed radiation is larger than the demand of local heating, the surplus 

is charged into the storage tank. During hot seasons, heat is charged and cumulated in the 

storage tank, and discharged in cold seasons to meet the need of space heat ing and domestic 

hot water. The system has an integrated absorption heat pump to ensure high usability; the 

heat pump utilizes the remaining heat of the STES system and provides it to the local heat 

network. 

 

Storage method 

Among four main concepts of storage system (hot water, gravel/water, borehole thermal 

storage and aquifer thermal storage system), BTES and Aquifer Thermal Energy Storage 

(ATES) have special requirements of the site underground condition, which were not suitable 

at the site in Munich. While gravel/water thermal energy storage could not satisfy the planned 

temperature stratification and charging/discharging rate capacity, found out during project 

developing progress. Therefore hot water thermal energy storage was left as the final choice 

(Schmidt & Mangold, 2003).   

 

 

Figure 20 Storage system of Munich project, vertical view (Schmidt & Mangold, 2003) 
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The storage tank is insulated by expanded granules at side walls and at top, top side insulation 

has maximum thickness of 70 cm. Bottom of the storage is insulated by 20 cm of foam glass 

gravel considering its higher stability against static pressure. The insulations are protected by 

vertical drainage from the damage of moisture intrusion. Frustum at the bottom was 

constructed onsite with side walls were integrated with prefabricated concrete elements, 

supported by stainless steel liner at the inner surface, as shown in Figure 20.  

 

To enhance the temperature stratification and the usability of accumulated heat, the storage 

tank is equipped with a stratification device. During spring, the solar collector only charges 

the upper part of the storage tank so the temperature can reach designed level sooner, and the 

return flow from collectors will switch from upper of the storage tank to the bottom of it when 

enough buffer volume is available at high temperature 

3.2.2 Anneberg, Sweden 

The case study of Munich project offered brief information of the system, its components and 

storage structure. The evaluation of a solar comb-system carried out by Ponomarnova and 

Stonikov (2011) followed up the technical details and performance of the STES system 

implemented in Anneberg, Sweden. 

 

Project overview 

The project site, Anneberg is 10 km north of Stockholm. Converted from a garbage deposit to 

a clean and ecological residential community, the area includes 50 apartments. Buildings 

were constructed with ecological materials such as hard wood flooring, water soluble paints 

and eco-fiber wall insulation. 

 

 
Figure 21 Anneberg building blocks, (Ponomarnova & Stonikov, 2011) 

 

In year 2002 a solar comb-system with BTES was installed in Anneberg providing space 

heating and hot water for the residential community. The area of solar collectors is 2,400 m2, 

connected with 99 boreholes at 65 m depth underground spacing 60,000 m3, along with 13 

sub-units with DHW (Domestic Hot Water) tanks. In each apartment the space heating is 

provided by low temperature floor heating system and auxiliary booster delivering DHW. The 

total heating area of all buildings is 5,444 m2, designed temperature of heating are 32 and 27 
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Celsius degree, which requires 550 MWh heating energy every year. The STES system 

supplies about 60% of total heating demand in Anneberg. 

 

 

Figure 22 Schematic of Anneberg solar system and borehole array, (Ponomarnova & Stonikov, 2011) 

 

The borehole storage was arranged in 10 parallel rows with 10 boreholes each, 0.115 m in 

diameter, 3 meters distance in between. Propylene glycol-water is filled in boreholes as 

working fluid. To deliver heat with higher efficiency the working fluid flows from the core of 

borehole pack to the edge following the temperature decreasing direction in gradient. And 

during discharging phase, the working fluid follows the counter direction. 

 

System performance 

Ponomarnova and Stonikov investigated numbers of key figures of the Anneberg STES 

system, based on available data of 2010-2011: 

 

1. Solar fraction in %  

2. Total heat load in MWh 

3. Auxiliary energy use in MWh 

4. Available solar energy from collector field in MWh 

5. Energy transported to the borehole storage in MWh 

6. Borehole storage losses in MWh 

7. Energy transported to the system from borehole storage in MWh 

8. Average temperature of the borehole storage in Celsius degree 

9. Losses in distribution system in MWh 

10. Available radiation on collector aperture in MWh 

 

By employing simulation tools (TRNSYS and MINSUN), field investigation, data collecting 

and etc. the report filed specific results of evaluation. The system was expected to be 

operating steadily in 5 years after its initial charging, so it was presumed to be running in 

equilibrium condition for 3 years. The evaluation reported the results of key figures 2010 as 

follow: 
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Table 3 Key figure results of Anneberg project 2010 (Ponomarnova & Stonikov, 2011) 

Solar fraction In % 28 

Total heat load In MWh 531 

Auxiliary energy use In MWh 379 

Available solar energy from 

collector field 

In MWh 906 

Energy transported to the 

borehole storage 

In MWh 720 

Borehole storage losses In MWh 387 

Energy transported to the 

system from borehole 

storage 

In MWh 154 

Average temperature of the 

borehole storage 

In Celsius degree 27~41.5 

Losses in distribution system In MWh 376 

Available radiation on 

collector aperture 

In MWh 2,789 

 

 

Figure 23 Key figure results of each month (Ponomarnova & Stonikov, 2011) 

 

 
Figure 24 Heat balance of borehole storage in MWh/month, 2010 (Ponomarnova & Stonikov, 2011) 

 

Results evaluation 

720 MWh of stored in borehole only 154 MWh of energy was delivered to the system clearly 

suggested large amount of losses in distribution system, borehole storage, plus auxiliary 

energy consumption. As shown in Table 3, 41.5% of captured radiation lost during 

distribution, and over half of the energy stored in borehole ended up as losses. A solar 
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fraction of 28% is not as ideal as such a system should have offered, which lead to quite an 

amount of alternative energy source consumption needed to meet the demand. Given by the 

location of Anneberg, 32.5% of solar collector efficiency is considered reasonable. 

 

Figure 23 suggested that auxiliary energy is on part with total head load, which includes space 

heating demand and DHW. Besides when heating and DHW provided by BTES is insufficient, 

electrical heating is the backup measure to maintain indoor thermal comfort. Distribution 

losses tent to be higher in cold seasons, presumably because of higher heat losses due to 

larger temperature difference, while BHS (Borehole system) losses seemed to be the opposite, 

as there is more heat stored underground given by higher solar intensity during summer time. 

Heat deficit is seen in the coldest four seasons (Nov, Dec, Jan and Feb), which was largely 

covered up when it came to April and during the whole summer time (see Figure 24).   

 

After 8 years of charging and discharging the system had reached its stead state. The report 

compared the results of 2010 with designed values and previous work from Andersson & 

Hultmark AB 2006, shown in Table 4: 

 

Table 4 Comparison of key figure results (Ponomarnova & Stonikov, 2010) 

 Designed values Andersson & 

Hultmark AB, 

2006 

Ganna, Artem, 

2010 

Unit 

Solar fraction 60 40 28 % 

Total heat load 565 600 531 MWh 

Auxiliary energy 

use 

120 334 379 MWh 

Available solar 

energy from 

collector field 

1075 960 906 MWh 

Energy 

transported to the 

borehole storage 

 809 720 MWh 

Borehole storage 

losses 

500 527 387 MWh 

Energy taken out 

from borehole 

 232 333 MWh 

Losses in 

distribution 

system 

130 163 291 MWh 

 

The losses in distribution system, solar collectors, borehole and sub-unit could the 

consequence of mistakes in designing work, installation, maintenance and etc. Table 2 noted 

that after 8 years of operation, the system is not running as well as designed, nor did it work 

as expected in 2006. Efficiency of each working component tent to decrease continuously, 

while losses kept increasing resulting in solar fraction dropped to almost half of designed 

value. Although the solar combo-system still managed to comply with its task of providing 

space heating and DHW, there is large potential of improvement and serious issues to be 

fixed. The efficiency of the system was not described as whole, but in different components, 

the report evaluated that the efficiency of overall solar collectors in 2010 was 32%. 
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Losses in distribution and borehole system: leakages and poor insulation in piping could be 

the most common reason of heat loss, a long distance of piping network could result in more 

losses along the line as well. Losses in borehole is the hardest to cut in the system, heat loss 

cannot be avoid, it is only possible to reduce it through better array of boreholes in term of 

decreasing temperature gradient, with better insulation of working fluid containers. 

 

Solar collector efficiency: very much depending on the latitude of project location, at high 

latitude it is naturally difficult to have excellent solar efficiency given by the low solar 

intensity over a year, but the cold weather would increase the collector efficiency in another 

way, only not decent enough to compensate the disadvantage of geometric condition. 
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4. Result and discussion 
 

Two reference cases in South-west of China, more specific, the city Guiyang, are to offer an 

overview of possible complexity size, energy consumption, solar irradiation condition and 

energy cost. Calculations are based on these two projects and with data referring the 

Anneberg project evaluation. First complexity is a new campus project of University of 

Guizhou, with information of the project size, energy consumption and energy cost. The 

second complexity is a new police station building pack, which will demonstrate the local 

solar irradiation condition, regarding shading condition and possible solar gain on building 

roof surfaces. Both of the two projects are located in the city of Guiyang, the capital of 

Guizhou Province. 

4.1 Local climate condition 

The city, Guiyang, where the campus is located nearby has distinct climate characteristic, it is 

a four-season, monsoon-influenced humid subtropical climate, tempered by low latitude and 

high elevation. Annual average temperature of the town is 15.3 Celsius, with annual extreme 

high temperature 35.1 Celsius and annual extreme low temperature -7.3 Celsius. The average 

humidity is 78%, average precipitation is about 1,129.5 mm, and occasionally there is snow in 

winter. As one of the least sunny cities in China, only 1,150 hours/year, the ultra-violet ray 

intensity is low, peak load reaches class 4 during short time at noon.  

 

As the description indicated, the climate of the town is rather mild, which means the heating 

and cooling load could be relatively lower than other cities around the same latitude. The 

annual temperature variation of the local climate brings less challenge for designing a STES 

system, speaking of load capacity for the least, yet the solar irradiation, however, suggests 

otherwise, the intensity of solar radiation can reach 1,000 W/m2 latitude granted, but low 

sunny hours cannot help offer much decent heat generation from the solar collectors. 

Considering that the heating & cooling load can be lower in the city due to mild local climate, 

low sunny hours might be less problematic. 

 

4.2 Solar gain reference with planned police station buildings  

4.2.1 Project overview 

The planned new police station is located 12 miles away west of the central Guiyang, less 

than 30 miles distant from the university new campus site in Huaxi. Given by the short 

distance it is considered to have the characteristics of solar radiation as what it is at the 

campus site. This project case is here to offer reference for calculating the possible solar gain 

of the campus complexity by doing re-scaling calculation. Information of this building project 

is filed by GADRI (Architecture design research institution of Guizhou), who also simulated 
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the solar irradiation at summer solstice of this project and daytime sunlight variation with 

Ecotect.  

 

The building block is consisted of five main buildings, including administration office, 

operation commanding office, communication security center, SWAT squad house, and 

logistic center etc, plus an underground parking lot. Area of land scape occupied is shown in 

table below: 

 

Table 5 Building area of police station project, (GADRI, 2013) 

Area Unit Value 

Total land area M2 98,302.6 

Total building area M2 135,631.9 

Ground level area M2 81,868.9 

Underground area M2 53,763 

Building density % 20.6 

Total roof area M2 19,554 

 

4.2.2 Solar gain calculation with solar irradiance simulation 

 

Figure 25 Solar irradiation simulation and solar intensity index of the police station, (GADRI, 2013) 

 

Figure 25 demonstrates the solar irradiation condition of the building block in simulated 

graph, the highest building amongst the pack (the administration office) gives shading effect 

to neighboring building as it is clearly noted in the graph. Other than that, the rest of the 

building block appeared to have decent sunlight on the roof surfaces at the given time of this 

simulation (2010/6/21, 6:01:00 to 19:48:00, summer solstice). Take the yellow roof area as 

suitable collector mounting placement, in the figure of solar intensity it is shown to have 5.9 

kWh/m2 of peak value, and a mean value 3 kWh/m2.  

 

The roof surface area 19,554m2 is taken as maximum area for installing solar collector, 

assuming all available solar heated roof surfaces have collectors mounted on, which gives 

115.37 MWh/d of maximum solar gain and 58.66 MWh/d of average solar gain on the 

building top surfaces area in summer solstice.  
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In the police station project evaluation, sunlight simulation has been reported for winter 

solstice from 8:30 to 17:30. Shading effect on buildings can be observed from the simulation 

graphs. 

 

Table 6 Sunlight simulation of police station project, (GADRI, 2013) 

8:30 9:30 

10:30 11:30 

12:30 13:30 

14:30 15:30 

16:30 17:30 

 

Guiyang is one of the least sunny cities in China with average 1,150 hours each year. Statistic 

from 1971 to 2000 recorded that the mean monthly sun hours reach the peak load in August,  
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Table 7 Monthly mean sun hours of Guiyang, (China Meteorological Administration, 2014-01-01) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Mean 

monthly 

sun 

hours 

41.2 47.1 81.8 103.5 108.4 104.2 154.4 167.1 119.4 91.4 69.0 62.4 1,149.9 

 

The solar collectors begin operating from March where temperature is rising above 10℃, and 

stop being operative at late October. So within the 1,150 hours sunny duration not every hour 

is available for solar collector being functioning. Available hour of in a year is about: 

 

∑     
               [2] 

 

The sun time simulation drew an operative period of solar collectors from around 8:00 to 

18:00, the duration is 10 hours. Therefore, given by the annual available sun hours is 930.2 

hours, there are about 93 days that solar collector can receive heat within the whole year. 

 

Since there are 115.37 MWh/d of maximum solar gain and 58.66 MWh/d of average solar 

gain of the building block, the annual maximum solar gain counts for 10,729 MWh and mean 

solar gain 5,455 MWh for this project building block. For each square meter the maximum 

solar gain reaches 0.55 MWh/m2 and the average solar is around 0.28 MWh/m2 each year.  

 

As the graphs pointed out, before 9:30 and after 17:30 the shading effect is at the strongest, 

buildings located at the north-east corner tend to receive much less solar radiation. Roof areas 

as such are not the optimum for mounting solar collectors. Notice that this was simulated for 

winter solstice where sunlight was not the strongest of a year. In hot seasons the lighting 

period would be longer and solar radiation would offer more heat than cold seasons. The 

optimum positions for installing solar collectors are located at 5 points shown in Figure 26. 

 

 

Figure 26 Solar collector placements, (GADRI, 2013) 
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About 30 % of the roof surface areas have been excluded as the suitable area to mount solar 

collector, which means the calculated solar gain is to have 30% subtracted, result in the 

maximum specific annual solar gain of 0.38 MWh/m2 and the average specific annual solar 

gain is about 0.20 MWh/m2. A subtraction of 30% is substantial in considering shading effect; 

the real value can vary between 10% and 20%.  

 

In the beginning it has been mentioned that the distance between the police station site and 

the campus site is less 30 km and the solar radiation condition is similar for such reason, 

therefore in considering the optimum positions to installing solar collectors for the campus 

building block, if they are to be mounted on the roof, similar position chosen for this build ing 

pack can be decent for the campus buildings as well, only need to keep them facing the south 

as most solar collectors are orientated.  

 

4.3 Phase two of new campus construction, University of 

Guizhou 

 

The report filed by GADRI in 2013 described in detail about the energy consumption 

situation of the new campus planned by University of Guizhou. According to national 

regulations, laws and regional regulations, GADRI conducted measurement and investigation, 

crafted the report including following aspects:  

 

1. Validity analysis of energy consumption plan 

2. Verification of energy consuming equipment type and number 

3. Energy conserving measure validity and reliability investigation 

4. Load management and energy consumption documentation  

5. Project total energy consumption indicators and efficiency analysis 

4.3.1 Project overview 

 

The 2nd phase of new campus construction in planning is located at west of present university, 

Huaxi (Blossom Brooke) district of Guiyang, south-west of China, 26°25'N,106°40'E. The 

university now registered about 50,000 students; the new campus is planned as an expansion 

of existing area, looking to provide space of studying and living for 30,000 students, in which 

the 2nd phase construction area is to shelter 19,000 students, yielding 1.354 km2 land scape, 

779,815 m2 of construction area in total among which 235,460 m2 planned as lecturing area, 

330,400 m2 planned as accommodation and 213,955 m2 serves for researching purposes. The 

total budget of this project is estimated to be 3.985 billion RMB (1RMB=1.05 SEK, recent 

exchange rate). 
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Figure 27 Location of new campus 2nd phase area and neighborhood, (Gyjyct.com, 2008) 

 

Table 8 Campus building area distribution, (GADRI, 2013) 

Building category Area, m2 

Education zone 196,983 

Accommodation zone 330,400 

Research zone and other 128,075 

Total building area (outdoor 

arena and football field 

excluded) 

655,458 

Total occupied land scape 1,354,000 

Total roof surface 234,829 

 

4.3.2 Project energy supply and consumption evaluation 

 

Hot water and space heating & cooling  

Hot water supply aims to provide for 19,000 students, 35 L for each student every day, 

estimated daily consumed volume for all is counted for 665 m3, supply temperature 50 

Celsius degree; return temperature is about 36 Celsius degree. In hot seasons, the cooling 

water return temperature ranges from 7 to 12 Celsius degree, in cold seasons, the return 

temperature of space heating network is 50 to 45 Celsius degree. Designed indoor 

temperature in summer is 26 ± 2 ℃, 18 ± 2 ℃ in winter. The estimated heating and cooling 

load is shown below: 

 

Table 9 Space heating & cooling load, (GADRI, 2013) 

Indicator value Specific power, 

W/m2 

Area, m2 Load, kW Annual energy, 

(MWh) 

Heating load 120 81,437 9,772 5,558 

Cooling load 180 81,437 14,659 11,982 

Total   24,431 17,540 
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Total annual consumption  

The consumption of water, electricity, natural gas and heating & cooling demand were 

converted into equal value of standard coal consumption figure, a conventional way of 

economizing resource cost in China. Then the cost of annual resource and energy cost is 

derived from the price of total coal consumption in equal value. Shown in Table 6: 

 

Table 10 Total annual consumption of the project, (GADRI, 2013) 

 Unit Amount Convert index, 

to standard coal 

Annual cost 

in t ce figure 

Water ton 411,300 0.0000857 t ce/ 

ton 

35.25 

Electricity MWh 6,744.5 0.1229 t 

ce/MWh 

828.90 

Natural gas m3 1,157,900 0.00129971 t 

ce/1K m3 

1,504.93 

Heating & cooling 

load 

MWh 17,540 0.0341 t ce/GJ 

3.6 GJ/1MWh 

2,153.22 

Total    4,522.31 

 

According to the price in statistic, each ton of standard coal cost about 472.5 SEK, which 

counts for 2,136,791 SEK spent in resource for this project running every year. Amongst all 

the resource cost, natural gas counts for 711,089 SEK, heating and cooling demand alone cost 

1,017,396 SEK. According to statistic:  

 

                                [3] 

 

Meaning in this project, the total CO2 emission will be 11,274,110 kg, providing heating and 

cooling demand will produce 5,367,980 kg annually. All exhausted and polluted into 

atmosphere. STES system work as an alternative energy source is independent of coal based 

energy production; the environmental impact of this project can be reduced significantly. Also 

reduce the cost of purchasing energy from power plant or local space heating provider who is 

likely to acquire heat from incinerating fossil fuel. 

 

4.4 Re-scaling of solar gain and system gain & losses 

Re-scale the solar gain intensity to the campus project; look into the campus area distribution 

first: 

Table 11 Campus building area distribution, (GADRI, 2013) 

Category Area, m2 

Total building area (outdoor 

arena and football field 

excluded) 

 

655,458 

Total occupied land scape 1,354,000 

Total roof area 234,828.45 
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Import the annual specific solar gain of the police station building blocks, maximum value of 

0.55 MWh/m2, and average value of 0.28 MWh/m2, the associated solar gain of the campus 

building blocks is then counted for 128,921 MWh maximum and 65,517 MWh average. 

Subtract 30% of shaded areas the available solar gain resulted as 90,245 MWh/m2 maximum, 

and 45,862 MWh/m2 average.  

 

Annual heating demand of the campus was estimated for 5,558 MWh, which is the primary 

demand STES needs to cover. Fit the values into associate slot of the table below:  

 

Table 12 STES performance estimation of campus project, based on Anneberg project evaluation 

Anneberg project  Campus project in Guiyang 

Total heat load 531 MWh 5,558 MWh 

Available solar 

energy from 

collector field 

32.5% of 

available 

radiation on 

collector 

aperture 

32.5% of available 

radiation on collector 

aperture 

Maximum 29,329 MWh 

Average 14,905 MWh 

Energy 

transported to the 

borehole storage 

79.5% of 

available solar 

energy from 

collector 

79.5% of available solar 

energy from collector 

Maximum 23,317 MWh 

Average 11,850 MWh 

Borehole storage 

losses 

53.75% of 

energy stored 

in borehole 

53.75 of energy stored in 

borehole 

Maximum 12,533 MWh 

Average 6,369 MWh 

Energy 

transported to the 

system from 

borehole storage 

21.4% of 

energy stored 

in borehole 

21.4% of energy stored in 

borehole 

Maximum 4,900 MWh 

Average 2,536 MWh 

Losses in 

distribution 

system 

13.5% of total 

available 

radiation on 

collector 

aperture 

13.5% of total available 

radiation on collector 

Maximum 3,960 MWh 

Average 2,012 MWh 

Available 

radiation on 

collector aperture 

 

2,789 MWh 

90,245 MWh maximum 

45,862 MWh average 

 

Compare the heat load demand and heat delivered to buildings, 4,900 MWh maximum versus 

5,558 MWh. It is evidentially that the system, if had all characteristics consistent with the 

STES system implemented in Anneberg project, is not capable to deliver enough heat to meet 

the demand of space heating and hot water for the campus.  

 

To look at the efficiency of this estimated STES system, in the way of defining the ratio of 

energy input and output, the possible auxiliary energy demand is unknown, so it cannot be 

calculated this way. In terms of energy gained and delivered, take the energy delivered to 

buildings against the solar energy collected, Esolar gain/Eenergy delivered = 4900MWh/29329MWh = 

16.7%, as experienced in Anneberg project, it is not ideal.  
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4.5 Sensitivity analyze 

The difference in climate might cause less loss in boreholes system, in another word more 

heat delivered to buildings, or more solar gain on collectors. Same as the uncertainty in 

effective area (consider shading effect and usable roof area), which is investigated in the 

sensitivity analyze. See Table 13 

 

Table 13 Sensitivity analyze- shading effect, borehole loss and available solar gain 

Variety Pre-analyze  

After analyze, maximum  

value in MWh 

Heat delivered to buildings, 

Pre-analyze & After analyze, 

maximum  value in MWh/m2 

Efficiency 

Esolar 

gain/Eenergy 

delivered 

Effective area 

85% 

109,582  

90,244 

6,059  

4,900 

20.7% 

Effective area 

80% 

103,136 5,703 19.4% 

Borehole loss 

50%, corresponds 

to 25% energy 

delivered to 

system 

 

 

11,658 

 

 

 

12,532 

 

 

5,829 

 

 

 

 

4,900  

 

 

19.9% 

Borehole loss 

45%, corresponds 

to 30% energy 

delivered to 

system 

 

 

10,492 

 

 

6,995 

 

 

23.9% 

Available solar 

gain, 35% 

31,585  

29,329 

5,374  

4,900 

18.3% 

Available solar 

gain, 38% 

34,292 5,834 19.9% 

 

Results from the sensitivity analyze pointed out, except changing available solar gain to 35%, 

all other changes would offer an output larger than the demand of heat for the campus 

buildings, if the system had been constructed well and under regular maintenance. The report 

from Anneberg project named a few mistakes in the STES system installation causing more 

losses in distribution system and higher consumption of auxiliary components, which could 

be avoided in future STES project implementation.  

 

Also, granted by the warmer climate of Guiyang, the losses in distribution system, in 

boreholes are expected to be lower, as the sensitivity analysis considered. So, it is fairly safe 

to estimate that a STES implementation assumed, for the new campus of the university can be 

practicable in energy demand & supply perspective.  

 

On the other hand, different items in the sensitivity analysis can be considered as building 

plan of the STES system if it is to be built, which provide options of optimizing effective area, 

better insulated borehole system and higher efficiency solar collectors. Planer and investor 

can make decision according to these options, their cost and the site situation for the best 

solution. 
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4.6 Storage method, collector type, distribution system and long-

term performance 

This part is dedicated to address storage method and collector type. Regarding storage tank 

placement, if use borehole, aquifer or rock bed as storage method; and whether collectors 

should be centralized collector or non-centralized collector.  

 

4.6.1 Storage method 

Borehole storage system has been through this paper, the sensitivity analysis above proved 

that it could be capable to deliver enough energy to meet the demand of heating purposes. 

Here is to address concerns of storage method regarding location of borehole placement.  

 

 

Figure 28 Storage tank position selections 

 

Given by the requirement of placing borehole storage system, the area of land scape needs to 

be decently large with no complex underground obstacle. Consider the construction land 

usage and land quality requirement regarding pressure capacity. Positions A1, A2 and B1, B2, 

B3 have been chosen to be drilled deep underground for placing borehole arrays. Since no 

major constructions are at the ground level of these locations. B1, B2, B3, which have 

basically no building at ground level are considered more suitable locations in technical and 

economic aspects, since the land filling and drilling will be easier when no concrete is 

standing above and the cost will be less.  

 

While A1 and A2 can be reserved as backup locations, if the area of B group is insufficient, 

the area of A1 and A2 are mainly occupied by arena and football field, the need of pressure 

strength capacity can be lower than who required for building structures. Making the work 

and cost for drilling less than when in need of considering building foundation structure & 

pipeline work. The array arrangement might differ from the array of Anneberg project, as the 
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storage capacity must be almost 10 times larger than it; further study is required to exam the 

array placement of shape and number in details. 

 

Adding other storage methods to the interest aquifer system is the first one removed as an 

option, due to the water bodies at site and nearby are mostly flowing constantly, and so are 

the connected water bodies, storing heat is impossible if implementing aquifer system.  

 

Rock bed system is also removed given by similar concern, because of the complex 

underground water grid the volume of a rock bulk is limited, which in practice needs to be 

very large considering the heating demand of the campus project. Besides the nature of low 

specific heat capacity of rock makes it secondary option under water based storage. 

 

Water tank system has some advantages for economic and technical reasons; it is cheaper and 

easier to build. The size of the campus complexity is quite large so is the demand of space 

heating and hot water. Therefore the volume of water tank must be built enormously, if only 

connect the heating network to a single water tank. Instead, multiple water tanks can be a 

better choice, one tank at each chosen location (A1, A2 and B1, B2, B3). The charging and 

discharging process will be still operative in case of a breakdown of one tank; the other tanks 

can keep providing heat continuously.  

 

But compare to borehole storage, the insulation of each water tank must be very effective, 

without the array formation to insulate the whole storage of borehole system. And another 

drawback of multi-tank water storage system is the possible higher heat losses in distribution 

system because of the increased number of pipeline and heat exchanger. The construction of a 

water tank storage system can refer the Munich project as example, for the concern of 

material type, tank shape and insulation details.  

 

4.6.2 Solar collector  

Choosing between concentrating solar collector and non-concentrating solar collector gives a 

simple answer: non- concentrating solar collector. Concentrating solar collector has its perks, 

it can be smaller, and more effective in collecting solar radiation, but under the requirements 

of attaching to solar tracking system or larger land scape available, which is more beneficial 

in electricity generation.  

 

For the purpose of providing heat and hot water in building block, non-concentrating collector, 

or to be specific, flat-plate collector is technically easier, more economic and spatially less 

limited. Additionally, flat-plate vacuum collector has been widely used in China, delivering 

hot water for single family house, multi-family apartment, schools and offices, it has been 

well tested and practiced, which cost less in equipment purchasing, installing and 

maintenance.  

 

The flat-plate solar collectors are suitable to be mounted on roof top of buildings, with a 

certain tilt angle and facing south. The latitude of the site is 26°N, so the solar attitude is: 
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                        For summer solstice [4] 

 

              For equinox, Mar 20th and Sep 22th [5] 

 

To enable the collectors to work at decent efficiency all year, a tilt angle of somewhere in 

between 87.45 and 64 is appropriate, around 75°. At different spot there might be shading 

effect from neighboring buildings or trees, the tilt shall be adjusted accordingly to optimize 

the performance of solar collectors.  

 

4.6.3 Distribution system 

If the STES system is to be implemented in the campus, system providing the needs of 19000 

students cannot run efficiently without an excellent distribution system. With pipelines 

connecting multiple storage tanks or borehole arrays, and buildings placed over the campus, it 

will be a complicated work to build the distribution system.  

 

The evaluation of Anneberg project reported about 13.5% losses in the distribution system, 

and pointed out several installing errors in the pipeline as well as maintenance work. The 

pipeline must be insulated airtight, including pipeline connecting solar collectors and storage 

system, pipeline connecting storage system and indoor environment, and pipeline to deliver 

return water. Expansion valves must be in position in case of overheating in the very hot days 

of summer to prevent the system been damaged by high temperature & pressure steam.  

 

4.6.4 Long term performance 

From the Anneberg project, it is clear to tell that amongst all losses and increase in energy 

need, distribution is the primary source of heat losses in long term period, it might due to the 

reason that pipelines are constantly dealing with flowing fluid with high temperature and 

pressure, so at the early design stage and in installation, pipelines need to be reinforced, 

insulated and under watch regularly. Although the climate of Guiyang is rather mild compare 

with Anneberg of Sweden, which means the losses are supposed to be lower naturally, but it 

can only be expected with much attention and professional work.  

 

Energy delivered to borehole and energy available from collector can be expected to decrease 

as a consequence of increasing loss in distribution system. Besides, the efficient of collector 

will decrease caused by dust, dirt and moisture tanning the exterior surface of collector plate, 

and the interior insulation materials aging.  

 

The performance of borehole system can be expected to increase due to the stable state of 

temperature variation borehole will reach in 8 to 10 years after first system initia lization. 

Losses in borehole will be seen in a decreasing trend and approaching steady state, more heat 
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can be extracted from borehole until such state as well. But the insulating ability of the 

borehole array might as well decrease because of aging, so it is important to keep the borehole 

cylinder material under monitoring in case of sudden leakage occurring.  

 

4.7 Cross-sectional analysis 

 

Figure 29 Cross-sectional analyses of three sectors 

 

Firstly, speaking of the overlapping area between STES techniques and building project in 

Guiyang, the discussion of storage method and solar collector type pointed out that there is 

possibility of applying several storage methods, such as water tank system and borehole 

storage system. Other methods of storage such rock-bed system and aquifer system cannot fit 

in due to local geographic condition. Solar collector type is most likely limited to 

concentrating solar collector, but it is a solid choice and most available in China.  

 

The climate is rather suitable to operate the STES system, cold season is not so long, 

temperature varies in an acceptable range, very little of extreme weather. The sun hours are 

not ideal, even less than Nordic regions in annual figure, but with a high peak solar irradiance 

and decent average solar irradiance, the overall condition is fine for solar collectors to receive 

enough heat. The high humidity and precipitation are worthy arguing, for they can influent 

the efficiency of the system, for instance cool down solar collectors and causing more heat 

losses, or causing moisture damage to the equipment.  

 

To address all concerns in assessing the cross sectional area “size”, the assessment were 

conducted on several issues. Including the climate and technical concerns mentioned above. 

See Table-14 below: 

 

Table 14 Assessed concerns for cross-sectional analysis 

Solar irradiation of site 

location 

1,150 hours sunlight annual, 5.9 

kWh/m2 

Good 

 

Temperature of site location 

Annual average temperature 15.3 

Celsius, extreme high 

temperature 35.1 Celsius and 

annual extreme low temperature -

7.3 Celsius. 

 

Good  
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Geography condition for 

storage method 

Borehole storage and water tank 

storage practicable, rock bed 

storage and aquifer storage not 

suitable 

 

Ok  

Space heating demand of 

building 

In investigated case 5,558 MWh 

for 19,000 people annually, 0.29 

MWh/person annually 

 

Ok   

Possibility of solar collector 

installation  

Mount on building roof surfaces, 

in investigated case 70 % to 85 % 

building roof optimum for solar 

collectors installation 

 

Unsure  

Possibility of storage system 

at location 

More space available if project 

site consists decent amount of 

empty territory 

 

Unsure  

Possible performance of STES 

system 

In investigated case, STES can 

provide sufficient heat for space 

heating and hot water 

 

Good  

Environmental impact In investigated case reducing 

5,367,980 kg/year of CO2 

emission, with related particle 

emission and NOx, SOx emission 

 

Good  

 

 

Figure 30 Cross-sectional analyses in visual display 

 

The area tagged as “Good” and “Ok” in blue and red suggest possibilities of applying STES 

in the city of Guiyang, in another word there is a 50% solid chance that the technology can be 

sure implemented in this area, or 75 % fair chance that it is possible to apply STES in 

providing the local space heating and hot water demand.  The overlapping area is therefore 

considered “large” enough.  

Good 

50% 

Ok 

25% 

Unsure 

25% 

Cross-sectional analysis 
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4.8 Regional climate comparison of STES feasibility  

The cross-sectional analysis along with sensitivity analysis in previous sections demonstrated 

that a decent possibility of applying STES in the city of Guiyang, there are three other major 

cities in the region of south-west of China: Chengdu, Chongqing, and Kunming. 

Meteorological data have been studied to exam if these four cities share similar climate 

condition for STES implementation.  

 

Table 15 Monthly climate of Chengdu, (Meteorological Administration of China, 2014-01-01) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Average 

temperature℃ 
5.6 7.5 11.5 16.7 21.0 23.7 25.2 25.0 21.2 17.0 12.1 7.1 16.1 

Precipitation  m

m 
7.9 12.1 20.5 46.6 87.1 107 231 223.7 132 39.4 15.9 5.2 927.5 

Relative 

humidity（%） 
83 81 79 78 76 81 86 85 85 85 83 84 82.2 

Sun hours 53 51 83 113 121 117 131 155 77 59 57 51 1,073 

 

Table 16 Monthly climate of Kunming, (Meteorological Administration of China, 2014-01-01) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Average 

temperature℃ 
8.1 9.9 13.2 16 19.0 19 19 19.4 17 15.4 11.6 8.2 14.9 

Precipitation  m

m 
15 15 19.6 23 97.4 180 202 204 119 79.1 42.4 11.3 1,011.3 

Relative 

humidity（%） 
68 63 58 59 68 78 83 82 81 79 77 73 72.4 

Sun hours 224 219 255 244 212 135 124 144 123 143 169 200 2,197 

 

Table 17 Monthly climate of Chongqing, (Meteorological Administration of China, 2014-01-01) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Average 

temperature℃ 
7.9 10.0 13.8 18.5 22.6 25.1 28.3 28.3 24.1 18.6 14.2 9.3 18.4 

Precipitation  m

m 
19.7 23.4 43.0 96.5 146.7 193 186 135.1 105 85.7 48.2 24.3 1,108.0 

Relative 

humidity（%） 
84 80 77 77 77 81 76 74 79 85 84 85 79.9 

Sun hours 20.6 29.7 64.9 93.6 109.4 98 159 167.0 107 50.4 35.9 20.4 955 

 

Compare the meteorological data of these three cities with Guiyang, Kunming outstands as 

the sunniest city in this region, the average temperature though out the year is somewhat close 

to 15.3 ℃ of Guiyang, makes it even more feasible of applying STES for the local climate 

perspective. While Chengdu has bit down side of its less sun hours to acquire enough solar 

energy, but the higher average temperature could compensate the insufficiency of solar gain 

with less need of space heating. Chongqing appeared to be the least possible city to 

implement STES system, the average temperature is the highest among all four cities,  yet the 

few sun hours could rule out the possibility of investing in a STES system for buildings in the 

city.  In three over four major cities of south-west China, STES has good potential.  
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5. Conclusion 
 

The aim of this thesis was to explore the possibility of applying STES in South-west of China. 

Estimations and calculations were made based on case studies and evaluation reports of 

buildings in the area of interest. Discussions were raised to consider different types of storage 

method and solar collectors according to research results from literature survey.  

 

According to the results and the cross-sectional analysis, plus the regional climate comparison, 

STES has a good potential of being implemented in the city of Guiyang, and in two other 

major cities of south-west China (Kunming, Chengdu). The estimation work consists of 

numbers of uncertainties, mainly due to the uncertainty in consistency of data from different 

building project, BTES system and local climate. One important fact is that, for the least,  

Guiyang has no existing district heating system to deliver space heating and DHW, which is 

mostly coupled with STES system provide such needs, which brought the most uncertainty to 

the estimation work regarding the reality of if there will be any type of district heating system 

implemented in the community or for the entire city.  

 

Another uncertainty refers to the concern of investment; the campus project studied in the 

estimation work requires large scale system to meet the demand of space heating and DHW 

for 19,000 students, which by far there is rarely any STES project constructed dealt with such 

large number of people and their need of everyday. The initial cost can be expected to be 

substantial and so is the maintenance, and that is debatable when it comes to the relatively 

low heating cost in China based on the low coal price. The tradeoff between cost and energy 

price could be an interesting and complicated issue to investigate that was not included in this 

thesis work, as it would be a very inaccurate estimation, which was founded on different 

reference projects.  

 

Despite all the uncertainties, technically speaking STES has the possibility to be implemented 

in south-west of China. The warmer weather compared with Nordic region would cause less 

heat loss both in the borehole system and in the distribution system, giving it better system 

performance. The savings in energy needed for space heating and DHW could reduce the 

large amount of CO2 emission. Improvements of STES system should be made to lower the 

cost of installing STES system and maintenance, to gain advantages among heating provide 

methods when it comes to large scale building project like the estimated campus project.  

 

Future study can focus on more detailed investigation regarding borehole system, the way of 

array arrangement, numbers of boreholes, and the depth as well as heat delivery method etc. 

Renewable energy needs be introduced to building energy sector with more showcases, 

especially when it comes to China, the need of reducing building energy consumption and 

environmental impact is more urgent and there is much more to be done. 
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