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Overview

Thermal energy from deep geothermal reservoirs, either hot dry rock (HDR) resources recovered using Enhanced Geothermal Systems (EGS) or from deep sedimentary aquifers (DSA), are expected to contribute significantly over the next 100 years and beyond to renewable energy production. A 2007 Massachusetts Institute of Technology report found that the recoverable resource is over 200 ZJ (x 1021 J) and this could rise to up to 2000 ZJ with sufficient technological advancements. This energy is enough to potentially meet the world’s energy needs for several millennia. However, in contrast to the much smaller hydrothermal resources, geothermal energy by EGS or DSA, is still under development and is yet to be demonstrably, economically viable.
One of the barriers to the large-scale exploitation of geothermal HDR / DSA resources is that the best resources are located at large distances from electrical transmission infrastructure, specifically those in Australia that are situated in the Cooper Basin, in north-east South Australia. This increases the cost of delivering the energy to market.
One approach to reduce the cost of transmitting electrical power from the geothermal resources in the Cooper Basin was assessed by Dickinson et al. (2010). They showed that the production of methane, via carbonation of hydrogen, to allow energy transmission in the existing natural gas pipeline infrastructure is cost effective relative to the construction of some 575 km of electricity transmission line for a 50 MW geothermal plant. However, while economically viable under these circumstances, the approach is far from ideal, since this process has overall conversion efficiency from electricity to methane of only 56%, and this would be roughly halved again were the natural gas to be converted back to electricity. 
This article presents an analysis of one such alternative pathway, namely the connection of remote geothermal resources to the proposed Australian National Broadband Network (NBN) to enable access to the growing demand for energy from data centres. Thus we refer to this proposed investment in the fibre optic connection to the NBN, as the Geothermal-Data Fibre Link (GDFL). 

In addressing the investment decision of a potential data centre investor between the remote geothermal and a competing urban source of energy, two geothermal operating scenarios were considered. Firstly the direct heat (DH) scenario where thermal energy is extracted from deep sedimentary aquifers (DSA) at depths, ~ 2 km, and are of only moderate temperatures in the region of 100°C. In this scenario we consider, the reservoir temperature to be sufficiently high, to enable the heat extracted from the DSA to drive an absorption chiller to meet the refrigeration load requirements of co-located data centre clients. The electricity requirements of the data centre clients would be met through natural gas transported from Moomba (approximately 90 km from Innamincka). In the second scenario we consider the extraction of geothermal heat from depths of the order 4-5 km to access and extract heat from a reservoir of temperature ~ 200°C, to enable the generation of combined heat and power (CHP). The energy generated from geothermal resources in this latter scenario can potentially meet both both the electricity and refrigeration needs of co-located data centre clients and thereby provide a technical justification for co-location.

Because the pre-requisite geothermal and fibre optic cable common use facilities must be operational by the time any data centre co-locates in this remote area, initially the geothermal and cable operations will experience a period of negative cash flow. However, once sufficient data centres have co-located with the geothermal facility, then cash surpluses will be made. This article therefore seeks to understand the value of the initial investment in the common use fibre optic and geothermal energy generating infrastructure and additional capacity increments from both the standard discounted cash flow (DCF) method and the real options approach. 
Methods
The framework for the investment in the common use geothermal energy generating and fibre optic network infrastructure is built upon servicing a community of data centres with standardised energy consumption characteristics described by Figure 1. We assume therefore that clients who would be the consumers of the installed common use facilities arrive in these discrete standardised lumps. We also make several other critical assumptions regarding a finite capacity of heat that can be extracted from a single extraction well under both the direct heat and Local CHP scenarios, the decline in the rate of heat extraction from a well over time. Finally we assume that the geothermal proprietor is able to cater to the demand of all new data centres that are created to the point of resource capacity; that is there is a state of perfect competition in the market for data centres. 
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Figure 1: Energy consumption characteristics for the case of a 350 kWe modular data centre.
The first level of analysis comprises an estimation of the net present value of the investment in both the fibre optic network interconnection to the NBN and the geothermal plant comprising a single pair of injection  and extraction wells to service a community of data centre clients up to the capacity of that single well. The second level of analysis incorporates the geothermal entrepreneur investing incrementally in a second, third and fourth extraction wells and associated plant infrastructure to extract more heat and generate electricity to serve more data centre clients. This analysis is again based on the DCF approach.
In this initial analysis we make several assumptions regarding the rate of arrival of data centre clients and their capture and service by the geothermal entrepreneur. To enable greater realism in the quantification of the value of the initial and subsequent investments in both the fibre optic infrastructure and the incrementation of energy generating capacity, we represent the relevant investments as a perpetual option that the geothermal entrepreneur reaps following each investment in capacity increments. Here we have two elements of uncertainty being the stochastic drift in the the rate of arrival of data centre clients and the stochastic decline in heat extraction from the geothermal well over time. The general approach is based on the mark-up interpretation to optimising investments described by Dixit et al. (1999). 
Conclusions

Preliminary results show that an investment leading to the connection of remote geothermal resources to the proposed National Broadband Network offers early opportunities for the geothermal energy sector to access a market through the provision of energy required by data centres. Such access to a demand centre brought about by a comparatively low cost method of network interconnection potentially enables the establishment of a community of wells and data centre clients to grow over time. The provision of an economically viable path for incremental growth in capacity is an advantage of the use of data-centres, over sole reliance on connection to the National Electricity Market for access to market. Connection to the NBN avoids the need for investment in expensive transmission infrastructure before the geothermal technology has been demonstrated at a sufficient level of production capacity, while providing opportunities for incremental learning to further reduce costs.
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