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Abstract 

 

Recent geotechnical research shows that geothermal heat can be efficiently mined by circulating carbon dioxide through 

naturally permeable rock formations -- a method called CO2 Plume Geothermal -- the same geologic reservoirs that are suitable 

for deep saline aquifer CO2 sequestration or enhanced oil recovery. We present an approach that uses huge fluid and thermal 

storage capacity of the subsurface ,together with geological CO2 storage , to harvest , store ,and dispatch energy from 

subsurface(geothermal) and surface (solar, nuclear, fossil) thermal resources, as well as energy from electric grids. Captured CO2 

is injected into saline aquifiers to store pressure and provide as additional fuel for efficient heat extraction  and  power 

conversion .Concentric rings of injection and production wells are used to create a hydraulic divide to store pressure,CO2 and 

thermal thermal energy. Geothermal power and energy storage applications may generate enough revenues to justify CO2 capture 

costs. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Part of the effort to limit anthropogenic CO2 emissions to the atmosphere requires that existing and emerging energy systems 

shift away from using fossil fuels as primary energy  inputs and towards renewable sources. Renewable sources of energy, 

including geothermal heat, offer the potential to produce electricity with little or no operational   CO2 emissions. However, the 

transition towards these renewable energy sources will be slow, in part because of established infrastructure that naturally turns 

over on the order of several decades,  and in part because the high energy density of hydrocarbons and well-developed 

hydrocarbon power systems result in produced electricity that is inexpensive relative to emerging renewable options. Given that 

CO2 emissions are increasing and unlikely to be abated by sudden and dramatic changes in how societies capture, convert, and 

use energy, new technologies that can use significant quantities of CO2 -- particularly to produce electricity -- may enable 

transitions to renewable  that are not disruptive to economies and the climate.  

     While sequestration of CO2 in naturally porous and permeable geologic formations is considered one of the most feasible 

methods for preventing significant atmospheric emissions given existing and  upcoming  technology , large-scale injection of 

fluid into deep reservoirs has the potential to induce seismic activity . Such activity may compromise the integrity of CO2 storage 

formations, leading to leakage  .  However, decades of experience with CO2 injection in the oil and gas industry -- as well as 

extensive studies specifically concerned with saline aquifer CO2 sequestration -- suggest otherwise . Geologic CO2  storage 

(GCS) is a promising means of reducing CO2 intensity of fossil energy use , but the high cost of capturing CO2 requires valuable 

uses for CO2 to justify their costs . 

    Our approach is unique : initial charging of the system requires permanently isolating large volumes of captured CO2 and thus 

creates a market for its disposal. Once charged  , our system can take power from and deliver power to, electricity grids with the 

opposite timing  of current solar and wind energy technologies , mitigating issues associated with high penetration of these 

variable energy resource , including the possibility of curtailments to wind power deleiveries  during periods of high winds and 

no loads. 
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II. CO2 PLUME GEOTHERMAL ENERGY 

 
Fig. 1: Carbon Dioxide Plume Geothermal Energy 

Numerous previous studies have discussed using supercritical CO2 as the subsurface working fluid for geothermal energy capture 

. Numerical analyses suggest CO2  transfers  heat more efficiently than water, particularly in naturally permeable and porous 

geologic formations, i.e., in CO2-Plume Geothermal (CPG) systems , as a result of its relatively high mobility (inverse kinematic 

viscosity) and compressibility in deep geologic formations, the latter contributing to a strong thermosyphon. Therefore, CO2-

based geothermal operations may permit use of lower temperature and lower  permeability  geologic formations than those 

currently deemed economically viable for geothermal development. CPG systems involve injecting CO2 -- produced by 

hydrocarbon power systems and/or other industries -- into deep, naturally permeable geologic formations where the CO2 

displaces native reservoir fluid and is heated by the natural in-situ heat and the background geothermal heat flux. A portion of the 

heated CO2 is piped to the surface, providing energy for electricity production or direct heat use, before being returned to the 

subsurface. The injected CO2 is ultimately geologically stored, as in standard CCS  systems . As such, CPG results in efficient 

geothermal power production with a negative carbon footprint. 

         Other upcoming advanced geothermal technology -- i.e., engineered geothermal systems (EGS) -- target crystalline rock of 

low intrinsic permeability and therefore require hydraulic stimulation to form an artificial reservoir. CPG explicitly avoids such 

hydrofracturing ,  reducing geotechnical challenges and environmental concerns associated with reservoir creation, such as 

inducing seismicity and contaminating overlaying freshwater aquifers. Moreover, shallow (1-4 km) and permeable sedimentary 

formations that are attractive for CPG can be accessed at lower cost, provide greater heat mining efficiency, and have 

significantly larger CO2 sequestration potential than the deep crystalline units considered for EGS. Previous studies have 

predicted that CPG is technically feasible for power generation with geothermal temperatures above 60 ºC, depending on site-

specific geology. Therefore, CPG should naturally complement geologic CO2 sequestration in numerous sedimentary basins 

worldwide, enhancing both CCS and geothermal energy development. 

III. GEOTHERMAL POWER IN INDIA 

India's geothermal energy installed capacity is experimental. Commercial use is insignificant. India has potential resources to 

harvest geothermal energy. The resource map for India has been grouped into six geothermal provinces: 

 
Fig. 2: Geothermal Map of India 

1) Himalayan Province – Tertiary Orogenic belt with Tertiary magmatism 
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2) Areas of Faulted blocks – Aravalli belt, Naga-Lushi, West coast regions and Son-Narmada lineament. Volcanic arc – 

Andaman and Nicobar arc.  

3) Deep sedimentary basin of Tertiary age such as Cambay basin in Gujarat.  

4) Radioactive Province – Surajkund, Hazaribagh, Jharkhand. 

5) Cratonic province – Peninsular India 

India  has about 340 hot springs spread over the country. Of this, 62 are distributed along the northwest Himalaya, in the 

States of Jammu and Kashmir, Himachal Pradesh and  Uttarakhand. They are found concentrated along a 30-50-km wide thermal 

band mostly along the river valleys. NagaLusai and West Coast Provinces manifest a series of thermal springs. Andaman and 

Nicobar arc is the only place in India where volcanic activity, a continuation of the Indonesian geothermal fields, and can be 

good potential sites for geothermal energy. Cambay graben geothermal belt is 200 km long and 50 km wide with Tertiary 

sediments. Thermal springs have been reported from the belt although they are not of very high temperature and discharge. 

During oil and gas drilling in this area, in recent times, high subsurface temperature and thermal fluid have been reported in deep 

drill wells in depth ranges of 1.7 to 1.9 km. Steam blowout have also been reported in the drill holes in depth range of 1.5 to 3.4 

km. The thermal springs in India's peninsular region are more related to the faults, which allow down circulation of meteoric 

water to considerable depths. The circulating water acquires heat from  the normal thermal gradient in the area, and depending 

upon local condition, emerges out at suitable localities. The area includes Aravalli range, Son-Narmada-Tapti lineament, 

Godavari and Mahanadi valleys and South Cratonic Belts . 

 In a December 2011 report, India identified six most promising geothermal sites for the development of geothermal energy. 

These are, in decreasing order of potential: 

 Tattapani in Chhattisgarh 

 Puga in Jammu & Kashmir  

 Cambay Graben in Gujarat 

 Manikaran in Himachal Pradesh  

 Surajkund in Jharkhand  

 Chhumathang in Jammu & Kashmir 

India plans to set up its first geothermal power plant, with 2–5 MW capacity at Puga in Jammu and Kashmir. 

IV. INDIAN SCENARIO 

India has reasonably good potential for geothermal; the potential geothermal provinces can produce 10,600 MW of power. 

Though India has been one of the earliest countries to begin geothermal projects way back in the 1970s, but at present there 

are no operational geothermal plants in India. There is also no installed geothermal electricity generating capacity as of now and 

only direct uses (eg.Drying) have been detailed.  

Thermax, a capital goods manufacturer based in Pune, has entered an agreement with Icelandic firm Reykjavík Geothermal.  

Thermax  is planning to set up a 3 MW pilot project in Puga Valley, Ladakh (Jammu & Kashmir). Reykjavík Geothermal will 

assist Thermax in exploration and drilling of the site.  

India’s Gujarat state is drafting a policy to promote geothermal energy . Potential Geothermal regions/sources in India With 

India’s geothermal power potential of 10,600 MW, the following are the potential sources/ regions where geothermal energy can  

be harnessed in India. 
Table – 1 

Geothermal Potential Regions of India 

Province 
Surface 

Temp (oC) 

Reservoir 

Temp (oC) 
Heat flow Thermal gradient 

Himalya >90 260 468 100 

Cambay 40-90 150-175 80-93 70 

West Coast 46-72 102-137 75-129 47-59 

Sonata 60-95 105-217 120-129 60-90 

Godavari 50-60 175-215 93-104 60 
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V. MODELLING APPROACH (ARTIFICIAL SIMULATOR): 

 
Fig. 3: Working of Carbon Dioxide Plume Geothermal Energy 

 
Fig. 4: Working of Carbon Dioxide Plume Geothermal Energy 

In order to compare CO2 sequestration reservoir evolution with and without geothermal heat energy extraction, numerical 

models are constructed using the well-established coupled geologic heat and fluid flow. The base-case model is evaluated for 

two cases: CO2 injection only and CO2 injection + production. A CO2 storage reservoir initial temperature of T = 100
 o

 C, often 

considered the lower limit for geothermal electricity production. To permit computational efficiency in this preliminary study, a  

radially symmetric numerical model is employed. The large radius is chosen to permit no-flow lateral boundary conditions. The 

upper and lower reservoir boundaries are also assumed to permit no fluid flow, although semi-analytic heat transfer is permitted. 

No-fluid-flow boundaries constitute a conservative assumption regarding formation pressure buildup during CO2 injection 

operations, as real reservoirs permit vertical and lateral diffusion of the pressure field. The reservoir injection well serves as the 

axis of symmetry; the injection well is assumed to extend over the vertical extent of the formation and inject CO2 equally over 

that depth. To permit reservoir fluid extraction, a production well is placed 500 m from the injection well at the top of the 

formation. Such a production well location permits CO2 extraction operations to take advantage of CO2 buoyant flow, 

maximizing CO2 recovery while minimizing brine extraction. A 500 m well separation is chosen as it is sufficiently small that 

injected CO2 will extend from injection well to production well with the assumed CO2 injection rate, but it is sufficiently large 

that produced CO2 temperature changes little for the duration of extraction activities. A fully circular production well may not be 

employed in an actual CPG development, however its length and positioning are reasonable with existing well technology. 

 

VI. RESULTS 

 In contrast to conventional hydrothermal systems or enhanced geothermal systems, CO2 Plume Geothermal (CPG) systems 

generate electricity by using CO2 that has been geothermally heated due to sequestration in a sedimentary basin. Four CPG and 

two brine-based geothermal systems are modeled to estimate their power production for sedimentary basin reservoir depths 

between 1 and 5 km, geothermal temperature gradients from 20 to 50 °C km
-1

, reservoir permeabilities from 1 × 10
-15

 to 1 × 10
-12

 

m
2
 and well casing inner diameters from 0.14 m to 0.41 m. Results show that CPG direct-type systems produce more electricity 

than brine-based geothermal systems at depths between 2 and 3 km, and at permeabilities between 10
-14

 and 10
-13

 m
2
, often by a 

factor of two. This better performance of CPG is due to the low kinematic viscosity of CO
2
, relative to brine at those depths, and 

the strong thermosiphon effect generated by CO2. When CO2 is used instead of R245fa as the secondary working fluid in an 

organic Rankine cycle(ORC), the power production of both the CPG and the brine– reservoir system increases substantially. 

sStudies says : 
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1) CO2
 
has less pressure losses in a sedimentary geothermal reservoir than brine. 

2) CO2 produces more power at shallower depths and lower permeabilities than brine. 

3) CO2 is a better working fluid in secondary Rankine cycles than R245fa. 

4) Increasing the well diameters dramatically increases geothermal power production. 

5) CPG (CO2 Plume Geothermal) energy systems use CO2 to extract thermal energy from naturally permeable geologic 

formations at depth. 

6)  CO2 has advantages over brine: high mobility, low solubility of amorphous silica, and higher density sensitivity to 

temperature.  

7) The density of CO2 changes substantially between geothermal reservoir and surface plant, resulting in a buoyancy-

driven convective current – a  thermosiphon  – that reduces or eliminates pumping requirements. 

8) CO2 has a reservoir pressure drop approximately 3–12 times less than brine. 

9) A thermosiphon can utilize 10% of the reservoir energy for fluid circulation. 

10) CO2 is a particularly advantageous working fluid at depths between 0.5 km and 3 km. 

VII. FUTURE WORK 

We present promising results for an innovative approach using CO2 for pressure support to drive the recirculation of CO2 and 

brine as working fluids, which could contribute to the next generation of geothermal energy production. To more rigorously 

determine the economic benefits of this approach, it will also be important to incorporate wellbore models of the multi-phase 

flow of CO2 and brine. This will be important in assessing the potential brine-production capacity of long-reach horizontal wells, 

driven by artesian pressures. The use of a wellbore model will also allow for a more rigorous assessment of the influence of the 

thermosyphon effect, together with that of artesian pressure, on CO2- production capacity of horizontal wells. 

VIII. CONCLUSIONS 

Much of our research in applying supercritical CO2 to geothermal power systems has focused on using CO2 as a working fluid. 

This stems from the advantageous thermophysical properties of CO2, which can reduce the parasitic costs of powering fluid 

recirculation and enable more direct and efficient power conversion through a turbine. In this paper, we expand upon this idea by 

demonstrating how CO2 can be also used as a pressure-support fluid to generate artesian pressures to drive both brine and CO2 

production, thereby using both fluids as working fluids. We develop a well pattern concept to address the following goals: 

1) Conserve pressure from injection operations to maximize the fluid-production benefit. 

2) Minimize the loss of CO2.  

3) Manage overpressure to reduce related risks, such as induced seismicity and CO2 leakage.  

4) Better control of fluid and energy recovery for improved sweep efficiency.  

5) Provide supplemental pressure-support and working fluids that are chemically compatible with the reservoir formation. 

IX.  DISCUSSIONS 

There is significant scope for developing geothermal energy resources in India and other renewable energy has the potential to 

provide sufficient electricity to meet all of India’s domestic electricity requirements. As to support the green technology 

programmed, the government has plan many incentives to the development by implemented the project by geothermal based 

energy. The improvement of developing the geothermal energy can encourage the energy sectors of economy in this country. 

According to this study, there are still have a limit that are could be improved for further study. Therefore, there are several 

recommendations that can be performed to enhance renewable energy development. Firstly, Analyze widely about the potential 

of other renewable energy such as hydro, geothermal and etc. so that there will be a lot of data and information would be 

gathered for the future used. Finally, latest policies and funding mechanisms will be required to sustain and promote renewable 

energy investment. 
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