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To limit the global temperature rise to 1.5°C, significant reduction of fossil fuel usage and promotion of zero-
carbon, renewable energy solutions are essential. Energy sector is one of the largest emitters of greenhouse
gases (GHG), dominated by space heating and cooling demand. The 5th generation district heating and cooling
networks, that are designed to operate at near ground temperature, offer cost-effective, zero-carbon energy
solution. For successful design and optimum performance of such network, detailed investigation of ground
processes and accurate estimation thermal storage and recharge potential are of great importance. Thermal po-
tential of shallow grounds is influenced by atmospheric conditions as well as subsurface soil types or profiles.
Numerical studies which incorporated the complex boundary conditions and coupled soil heat and moisture
processes in support of ground energy network design and assessment are limited.

Therefore, in this study, an advanced numerical model, based on a coupled Thermal-Hydraulic (TH) mod-
elling framework, is developed to evaluate a shallow horizontal ground loop system. It calculates and predicts
temperature and soil-moisture behaviour of a shallow ground under complex and coupled atmospheric, tem-
perature and hydraulic boundary conditions. Atmospheric data e.g., solar radiation, rainfall, humidity, air
temperature, wind velocity is incorporated in the model with soil-soil boundary and diverse layered soil pro-
files to investigate thermal and hydraulic responses of the ground, and performance of a DHC network. The
model is applied to predict evolution of long-term ground temperature and saturation level of a potential site
located at the Warwickshire County in the UK. The total and net heat content per unit area of the site per
annum/ season/ month are simulated for a five-year period. The heat content varied between 2.0-55 MJ/m2
depending on the subsurface soil layers. The simulations also revealed that a considerable amount of heating
and cooling demand of the site could be met sustainably, solely from the shallow ground, implementing the
proposed horizontal ground loop system. In addition, sensitivity of the model parameters investigating the ef-
fects of soil types and hydraulic drainage conditions on the ground heat supply potential revealed significant
impact of underlying soil layers on spatio-temporal distributions of ground heat. The findings of this study
highlight the influences of atmospheric conditions and coupled ground processes on accurate design of a 5th
generation low-temperature heat network and estimation of ground thermal behaviour.
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