
2_1 Heat Flow in the Earth
Recap:

Budgets - US 20% of world energy use/capacity - 100 Quads = 100 EJ = 100 TCF CH4 
Hydrates: 10^6 EJ
Geothermal - US-Hydrothermal 10^4 EJ; US-EGS 10^7 EJ

Movies: 

Plate Tectonics: https://www.nationalgeographic.org/media/plate-tectonics/

Resources: WG2 + AG2

Plate Tectonics: http://www.columbia.edu/itc/ldeo/v1011x-1/jcm/Topic3/Topic3.html

Earth's Internal Heat Budget: https://en.wikipedia.org/wiki/Earth%27s_internal_heat_budget

Geothermal Gradient: https://en.wikipedia.org/wiki/Geothermal_gradient

Motivation:

1. Motivation [10%] Provide context for the topic. Use of relevant public domain videos are a useful 
method for this. Why is this particular topic or sub-topic important in the broad view of geothermal 
energy engineering?  
 
 
 

 
 
 
 
 
 
 
 
 

 
Scientific Questions:
 
2. Scientific Questions to be Answered/Outline [10%] What questions arise from the    motivation. 
What are the sub-topical areas that address these scientific questions.  
 
Origin of Earth's Geothermal gradient?

Why high and low in different locations?

Is heat flux sufficient to resupply or is heat reserve sufficiently large? 
 
 
 
 
 
 
 

10C T Oc

A Why
de

2591K 50C K
Z



 
 
Origin of the Earth's Heat/Geothermal Gradient:
 
3. For Each Sub-Topic:  
a. Detailed Explanation of the Topic [40%] Describe the physical principles in detail and at a pace 
that is tutorial for an audience. 

Formation of the Earth - ~4,560 Ma - accretion from solar nebula - spherically differentiated
Moon - likely a product of meteoritic impact - tectonically dead. 
 
 
Radius of Earth - ~4,000 miles / ~6,400 km 
 
Core is solid iron (r=1,200km) and molten to (r=3,480 km)
Differentiated by density
T ~5,700K to 4,000K

Lower then upper mantle - liquid but highly viscous

Rigid/solid plates ~70km

Heat supply: 40% from core / 60% from long-
lived radioactive isotopes
 
 
 
 



 
 
Plate Tectonics

Plate Tectonics: http://www.columbia.edu/itc/ldeo/v1011x-1/jcm/Topic3/Topic3.html

Continental and Oceanic crust - only interested in continental?
Evolution over time - continental drift
Current plates and their boundaries - constructive and destructive.

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
Internal Heat Budget

Earth's Internal Heat Budget: https://en.wikipedia.org/wiki/Earth%27s_internal_heat_budget

Contributions from:

Radioactive decay ~60% ~15-14 TW
Proimordial heat (core) ~40% ~12-30 TW

Total flow: ~47 TW (note fossil budget ~10-15 TW)  47 TW ~ 92 mW/m^2

Overall heat flow:                                                              Contribution from radioactive decay

Result of heat flow - on surface

 
 
 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Glassley - Crustal heat flowGlassley - Heat flow map

Blackwell - SMU - heat flow  
map



 
Heat Flow - Influence on Geothermal Gradient 
 
Geothermal Gradient: https://en.wikipedia.org/wiki/Geothermal_gradient
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Convection

Free-Convection: http://www.columbia.edu/itc/ldeo/v1011x-1/jcm/Topic3/Topic3.html

Note: Two types - (i) Free-convection in the mantle
(ii) Free-convection of water in a porous medium
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Plate Tectonics - Distribution of Geothermal Resources 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Three Principal Environments
Destructive boundaries - subduction zones - e.g. The Geysers, CA
Constructive boundaries - mid-ocean ridges - e.g. Iceland
Hot spots - volcanoes - e.g. Hawaii

See prior photos by location 
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Simple Calculation 
 
b. Example Hand-Calculation [10%] Simple calculation to demonstrate the technique.  
 
Geothermal - US-Hydrothermal 10^4 EJ; US-EGS 10^7 EJ?? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Compares with MIT/Tester Report (2006) 
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Case Study - N/A 
c. Case Study [10%] If appropriate.  
 
 
Conclusion 
4. Conclusion [20%] Summarize important/key points from the presentation.  
 
Geothermal Resources - result of heating by close (40%) and radiogenic heat (60%)
Earth budget controlled by:

Convection at depth in molten mantle - Free convection - Rayleigh No.
Conduction across crust - Fourier's law

High gradients at plate boundaries and hot-spot volcanic centers 

RATES OF RECOVERY

How gueckly can heat be recovered


