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Common backfill materials: borehole cuttings, sand, cement-
based materials, bentonite.

1. THERMAL CONDUCTIVITY ENHANCEMENT
- Metal powders (iron powder, aluminum) materials can
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| Backfill material is t_he heat exchange medium between the U- significantly improve thermal conductivity. e S Microcapsule material
pipes and the surrounding ground in ground-coupled heat pumps - Non-metallic additives (barite, granite powder, kaolin) slightly Fig. 9 Phase Change Microcapsule (MEPCM) Material

(GCHP), and its properties determines the system efficiency.
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Improve thermal conductivity while maintaining good

- targeted Suggestions are proposed for improving material _W Phase-change materials Standard materials Composite materials
properties; Maximum increase of 50% _ _ _
- identify future trend for multi-function backfill materials, The thermal conductivity is improved by 170%. Fig. 10 Direct Blend Type (PCBM)Material
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pollutlon control. m The thermal conductivity increases from 1.81 W/(m'K) to 2.81 W/(m'K) ICIUId PCMS (Wlt_ OW st ereing and _C_ emlca_ stabl Ity) and
Conditioned spaces . — . composite them with high-thermal-conductivity carriers.
— The thermal conductivity increases by approximately 12%.
G .,_' WEITIEN The thermal conduetivity is improved 6. MULTI-CYCLE THERMAL PERFORMANCE AND
T — Table 2 Common high thermal conductivity additives for backfill materials THERMO-SOLID COUPLING OF PHASE CHANGE
Cooling water Thermal
it bt cxchmecs (BHE Metallic — — - Low-conductivity PCMs easily accumulate heat under cyclic
e o 0 operation and reduce heat transfer efficiency:.
S e 001000 - A low start-stop ratio promotes PCM solidification and heat
_ ' Graphite 100~400

Fig.1 Ground-coupled heat pump system (taking the cooling Materials capacity recovery.
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mode as an example) S oo - PCM repeated liquid-solid phase change induces local stress
Non-metallic S_iC 120 - -
Inlet Outler on metalt Si0; 110 and mechanical property fluctuations.
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i 3. PREVENT WATER INRUSH IN BOREHOLES AND \*
Sem ".fi"l"m““ﬂ HYDRAULIC CONNECTION WITH AQUIFERS Rocknad sales | l Q
S R s e (1).Water inrush in boreholes:
Tratan e ol el BN S AT - Cement-based backfill materials tend to form fracture networks Fig. 11 Stress analysis in PCBM borehole
Fig.2 Heat transter among U-pipe, backfill materials and surrounding under the effects of temperature gradient, drying shrinkage, Conclusion: High-thermal-conductivity PCMs combined with
groLing internal stress, freeze-thaw cycles, liquefaction of phase change an intermittent operation strategy are essential for achieving
materials. sufficient solidification and performance recovery.
- The formation of fracture networks changes the flow paths of
groundwater
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CT T o T R T R T | S - Thermal conductivity modification effect: Graphite, expanded
: S N Environrmenta I g;i;’;;}ag;' T SRR graphite and metal powder greatly enhance thermal conductivity;
L ome et jL e | L e ] % but there is a risk of settlement and stratification.
e ______ X ____ D | - Specific heat and energy storage: Molecular sieves, PCMs and
I Phase-change materials backfl Non-phase-change maerials backfil : . : ; : o solid waste-based thermal storage materials can enhance heat
| 1improve thermal conductivity. | Selectionof PCMs. | Fig. 5 Connection between different aquifers due to cracking in : . : : . .
| 2 ncressespecific heat cupacty, 2 corporstion methods. | horeholes capacity, Whlle PCMS_ require h|gh-thermal-conduct|V|ty carriers
; e o, | | eovmr— (2).Countermeasures: and appropriate operation strategies.
B e N ' ' - Mechanical  properties and  durability:  EXcess
e b OO | - Optimize material ratio and add water-prooft layer materials. PCM/microcapsule incorporation degrades structural strength,
: Feasibility of preparing environmentally friendly multi-functional backfill materials using solid waste | - Reduce the addition ratio of phase change materials (PCM) . while solid waste geopolymerization Improves mechanical
i S—_— o e p——— : - Adopt intermittent operation mode. properties ar_1d stabiliz_es pollutants simultaneously. |
T e — | - Water inrush resistance and environmental safety: Composite
Fig.3 Technology roadmap 4. ADSORPTION AND SYNERGISTIC EFFECT water-resisting layers combined with EG adsorption can effectively
Expanded Graphite (EG) has excellent properties such as high  reduce water inrush risks and the diffusion of oil pollutants.
thermal conductivity, corrosion resistance and high temperature
resistance. Also, its loose porous structure endows it with large 2. AVAILABLE SOLID WASTE TYPES
specific surface area and strong adsorption capacity can be used to Wastes such as waste sand, crushed stone, broken bricks,
_ _ _ _ reduce pollutant in BHE construction pollutants such as engine oil. recycled concrete, as well as by-products of metal smelting (e.g.,
_Essential Requirement for Backiill Materials: Moderate and When EG is mixed into the backfills at a certain proportion, its  copper slag, aluminum slag, iron filings, iron ore fines and iron
High Thermal Conductivity, Relatively High Specific Heat

oil adsorption rate can reach 70-80%. tailings, Blast furnace slag).
: Table 4 Thermal conductivity of typical solid waste materials

Solid waste materials

Capacity, Compactness and Impermeability, Long-Term Mechanical
Stability, Environmental Friendliness, Easy Construction and
LowCost.

Thermal conductivity

W-m - K1
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MAIN CHALLENGES B L=
:
- Balance among Thermal Conductivity, Specific Heat Capacity, and e
Thermal Diffusivity. a. Preparation phase  b. Adsorption phase c. Drying and weighing stage 0.65
_ _ _ _ _ 0.62
- Coupling Mechanism and Threshold Effects of Additives on Fig.7 Flow chart of the adsorption experiment of engine oil by EG éﬁj
Mechanics/Impermeablility/Thermal Properties. Table 3 Experimental data of engine oil adsorption by EG L
- Phase Change Material Encapsulation/Leakage and Cyclic T ' s
Stability. Volume rafio | Inifial mass of | graphite in fg:op:[c'ﬂ; Oil reduction |~ graphifein | 1 Oil iuction e /% (1) Advantages
- Water Inrush and Pollution Risks in Groundwater—rich e || el Grolp2(20 capaciy/ - Low cost, abundant rehsou_rcels, and capable of improving thermal
environment - i S ” » - conductivity and mec anical properties (sor_ne_ wastes [POossess
— T 00 T TR W 13 favorable thermal conduction and chemical activity).
+7] Backiill material |5 - A stable matrix can be formed via alkali-activated geopolymer
or cementitious system to achieve pollutant immobilization.
5.PCM AS AN ADDITIVE FOR BACKFILL MATERIALS / P
c Advantages of phase change materials: high latent heat of 2. Key challenges and modification approaches:
e phase change, load shifting, and reduction of thermal influence - Control of heavy metal leaching (solidification/stabilization).
4 radius. o - Balance the mechanical properties and thermophysical
(1)-Main problems: low thermal conductivity, liquid leakage, properties of materials.(the incorporation of high-thermal-
- mechanical softening and poor cyclic stability. conductivity additives)
S o O (2).Common forms : Microencapsulated phase change - How to weight the importance among mechanical properties,
material (MEPCM), Adsorption/form-stable composites (EG heat transfer characteristics, heavy metal leaching behavior and

Fig.4 Three types of seasonal BTES

aumerical simulations adsorption, skeleton adsorption), Direct blending. adsorbability.



