Cycling flexibility of CO2 injection wells
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Abstract
Much research has focused on the operational flexibility of CO2 capture enabled fossil power
plants, with the aim of understanding the wider implications for the electricity system. Less
attention has been given to the integration of CCS enabled fossil power plants with the downstream
CO2 transportation and storage (T&S) system. Boundary conditions are often considered in a very
simplified form. For example, it is typically assumed that the CO2 transportation system can
accommodate any variations in CO2 flow as long as certain process parameters like pressure and
temperature are maintained at the interface to the power plant. It is, however, important to develop a
more robust understanding of the implications of potentially large and regular variations in CO2
inflow into future CO2 transportation networks that connect load following CCS equipped power
plants (and CO2 capture from industrial processes) to CO2 injection wells with potential cycling
constrains.
In particular, concerns have been raised that the ramping and cycling capability of CO2 T&S
infrastructures in the future might not be sufficient to justify the assumption that maintaining
pressure and temperature at the inlet of the CO2 T&S system will be enough to ensure its reliable
operation regardless of CO2 flow variability. The CO2 injection well and near well bore region were
identified as potential constraints to large and regular variations of flow rates. The Front End
Engineering Design study of the CCS project at Peterhead in the UK has, in this regards,
determined that minimum CO2 injection flow rates need to be maintained in order to avoid flashing
of CO2 over the wellhead choke valve and avoid hampering the integrity of the well. Flashing can
lead to low temperatures resulting from Joule-Thomson expansion of CO2 that cannot be sustained
by the well completion material. Other potential issues associated with flashing are effects of
regular thermal stresses on tubing and cement, risk of vibrations and oscillations during transient
operation, hydrogen imposed embrittlement of well completion material, and hydrate formation. In
consideration to this, the ROAD FEED study in the Netherlands set minimum temperature levels of
the CO2 below the wellhead choke valve. Irrespective of flashing, halite precipitation was further
identified as a possible problem relating to regular well cycling.
This paper builds on the findings of two FEED studies for the White Rose and Peterhead CCS
projects in the UK and explores the extent to which CO2 injection wells will be able to
accommodate time varying CO2 flows. The paper discusses the underlying principles of the issues
associated with regular well cycling and presents options to mitigate them based on sophisticated
well completion design options (e.g. use of branched well trees, sliding sleeves, multiple production
liners, concentric rings, etc.) and operating strategies (injection of nitrogen, injection of
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monothyleneglycol or methanol, optimal timing during transient operations, etc.). The authors
conclude that although options exist that could reduce the risks associated with well cycling to low
levels, these might come at increased capital and operational cost and reduced reliability. For
building cost optimal CO2 networks, this suggest that costs associated with increasing the cycling
capability of injection wellbores need to be compared to costs for balancing CO2 flows, as well as
additional costs required for developing CO2 stores that are favourable to regular cycling operation.
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