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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract

Underground coal gasification (UCG) enables utilization of coal seams, currently not economically extractable due to complex ge-
ological boundary conditions. The technical and economic feasibility of onshore UCG operation has been extensively investigated
in the past decades, while studies on offshore UCG operations are rare. We propose a radial-symmetric well design and validate
it by means of geomechanical simulations. Our calculations and simulation results demonstrate that a coal yield of 46% can be
achieved with safety pillar widths of 100 m. For an extracted coal seam thickness of 11 m, seabed level subsidence amounts to
0.16 m.
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1. Introduction

Underground coal gasification (UCG) can support extraction of so far unmineable coal reserves, whereby its techni-
cal and economic feasibility has been investigated by means of numerous interdisciplinary studies in the past decades
[1–44]. In order to implement the UCG process, the target coal seam is developed by vertical and deviated wells, which
are linked to establish an initial gasification reactor. Following coal seam ignition, a sub-stoichiometric gasification
process is controlled by the injection of a gasification agent (Fig. 1). UCG produces a high-calorific synthesis gas,
applicable for different end-use options, e.g., provision of chemical raw materials, liquid fuels, fertilizers or electricity
[4, 13, 16, 20, 28].

Besides additional energy reserves from unmineable coal seams, and thus reduction of energy import dependency,
UCG has significant advantages compared to conventional coal mining. These are, e.g., a higher resource utilization
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efficiency and straight implementation options for frontier Clean Coal Technologies (e.g. CCS, increase of production
efficiency). On the other hand, environmental impacts may occur due to the complex chemical and physical processes
involved in the gasification process [4, 6, 9, 13, 30–32, 43]. Besides ground surface subsidence, resulting from the
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Fig. 1. Schematic of the UCG process with gasification agent injection as well as synthesis gas production, its processing and end-use at the surface

extraction of larger coal amounts, UCG may contaminate adjacent aquifers in case of gas escapes from the reactor.
Hereby, changes in the hydraulic conductivity of the hanging wall may establish potential pathways for UCG contam-
inant migration [14, 15, 24, 26, 30, 44, 45]. While numerous studies on onshore UCG operation exist, offshore UCG
application has rarely been addressed in the literature. Since ground surface subsidence is only relevant in view of
well and UCG reactor integrity but not for surface infrastructure in offshore applications, a higher coal yield can be
achieved by implementation of enhanced UCG well designs.

In the present study, we propose a radial-symmetric UCG well design, developed to be employed from a single
offshore platform and supply sufficient amounts of synthesis gas to feed commercial-scale fertilizer or ammonia
production. For that purpose, a computer-aided design (CAD) model is developed for integration with geomechanical
simulations. These are employed to investigate whether the chosen safety pillar widths (safety distances) between the
single UCG reactors are sufficient to avoid formation of hydraulic short circuits. Hereby, hydraulic communication
between different UCG reactors is known to compromise UCG operation due to the likely consumption of UCG
product gases in reactor zones representing earlier gasification stages (”synthesis gas cannibalism”), resulting in a
degradation of synthesis gas quality [32]. Further, hydraulic short circuits may trigger synthesis gas and UCG by-
product escapes into the coal seam’s overburden and adjacent groundwater aquifers [32, 45].

2. Radial-symmetric well design to optimize coal yield

The proposed radial-symmetric well design for offshore UCG was developed to achieve a maximum coal yield of
46%, while maintaining sufficient safety pillar widths to avoid formation of hydraulic short circuits between the single
UCG reactors (Fig. 2). This enables the UCG operator to apply a single offshore platform for drilling and subsequent
operation of multiple UCG reactors at the same time. Our design is somewhat different from the Super Daisy Shaft
concept introduced by Zakiewicz [46], since it does not comprise a shaft for the sake of economics and technical
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