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World geothermal direct-uses

(Lund et al., 2015)



Geothermal schemes and utilization

(IGA; Lybach, 2012; Geothermal Education Office)



Energy flows at surface and in shallow ground

(Florides and Kalogirou, 2007, Renewable Energy)
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Energy flow in GHP system for heating 

cf> for cooling, G = Q + E

Geothermal utilization

(source side)

Environmental benefit

(load side)
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From the view point of geothermal, 
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Vertical loop and standing column well



Installing BHE system



GSHPs for greenhouse: horizontal loops



New government building complex in 

Sejong City, Korea

▪ GSHP installed capacity > 20 

MWt (zones 1, 2 and 3)

▪ Covers more than 38% of heating 

and cooling of building area of 

607,555 m2

▪ 70% from BHE (1,190 boreholes 

200 m = 238 km); 30% from 

ground water well (SCW; 69 

wells of ~400 m)

▪ Started operation in 2012 (zone 

1); 2013 (zone 2); 2014 (zone 3)
(www.chungsa.go.kr)



New government building complex in 

Sejong City



Barriers and problems

▪ Scientific / Technological

- Negligence of importance of information on the thermal 

properties of subsurface materials  leads to over design

- Lack of scientific knowledge on hydrogeological conditions 

influencing heat extraction/injection

- Lack of accurate long-term monitoring of performance and/or 

analysis

▪ Social / Economic

- Lack of public understanding even in advanced countries

- Small business  insufficient public relations or promotion

- Lack of legal frame and standards specific to GHP

- Lack of correct understanding on statistics
▪ Why GHP is better than air-source heat pump or air conditioner 



We have lessons from experiences

▪ Potential of GSHP is enormous

- Technology is already proven

- But, the smarter the way of application, the better the economic 
and environmental benefits: ex> balancing, seasonal storage, etc.

▪ Geothermal people must understand how and why GSHP is 
important 

- Correct information on subsurface properties is critical in 
optimum design of the system

- Higher performance can be achievable only when proper 
knowledge of both source and load sides is provided

 Communication with HVAC people is needed

▪ We need to promote further 

- GSHP’s economic and environmental benefits 

- Lots of benefit for cooling purpose, as well



Energy production vs. Energy saving 

▪ Geothermal energy utilization or production

- GH = QH * (1-1/SPFH1)

- “gross production”

- Coincides with WGC (IGA) estimation

- For cooling, GC = QC * (1-1/SPFC1): cooling energy with help of ground

▪ Energy saving or in the context of CO2 emission reduction 

- We must consider electricity to run circulation pump 

- “net production”

- Coincides with ERES of EU Directive 2009/28/EC

- Energy,H = QH * (1-1/SPFH2)

- Energy,C = QC * (1-1/SPFC2)

 We have to quantify SPF1 and SPF2 (by measuring)!



More on CO2 saving,,, 

▪ For heating (Lund et al., 2005; WGC; IEA Geothermal Trend Report)

- Assuming 70% efficiency factor for direct burning fuel 

97 kg/MWh comparing to natural gas 

409 kg/MWh comparing to oil

477 kg/MWh comparing to coal

▪ However, for cooling 

- We may better consider saving electricity comparing to air-con or air-
source heat pump 

- QC = EGHP  SPFC2 = EAIR  SPFAIR

- Electricity saving: EAIR - EGHP = QC  (1/SPFAIR -1/SPFC2) = EGHP  (SPFC2/SPFAIR -1)

- Then, CO2 saving will be

EGHP  (SPFC2/SPFAIR -1)  electricity-to-CO2 saving factor
193 kg/MWh comparing to natural gas 

817 kg/MWh comparing to oil

953 kg/MWh comparing to coal

or, National emission factor (for example, 443 kg/MWh in Korea)



An example of GroundMed project 

▪ Coimbra Demo Site (70.4 kW of cooling) in Portugal, 2013

(www.groundmed.eu)



A model test in Hanoi 

▪ Socio-economics in Hanoi (from google)

- Population: ~7.6 million (2,300/km2)

- GDP: 3,425 USD per capita (annual growth of 8.25%)

- Average temp.: 16.5 °C (Jan.) ~ 29.5 °C (Jul.)  cooling dominates

▪ A hypothetical model of cooling: office building 

- Assuming: a building of 20 stories with 40  40 m2

- Full cooling load Q = 0.15 kW/m2  1,600 m2  20 =  4,800 kW

- Annual cooling energy QC = 4,800 kW  8 hrs/day  120 days = 4.6 GWh

- Electricity saving: EAIR - EGHP = EGHP  (SPFC2/SPFAIR -1) = 0.69 GWh
(Conservative assumption: SPFC2 = 4.0 and SPFAIR = 2.5)

- Then, minimum CO2 saving will be

133.2 ton/year comparing to natural gas 

563.7 ton/year comparing to oil

657.6 ton/year comparing to coal



Recommendation to new comers

▪ Consider subsurface properties along with load characteristics

- Not only temperature but also hydrology is important to design 
GSHP system, especially in Southeast Asian countries

- Heating and cooling loads vary considerably according to building 
type (residential / office or cooling only) 

- Simultaneous monitoring of energy flow both at source and load 
sides are very important to verify efficiency of GSHP

• geothermal utilization (source side) 

• environmental benefits (load side) 

▪ Refer case histories, prepare a guidebook and information kits, 
and provide policy tools  

- Lots of available cases in Europe and North America

- Benefits of GSHP should be widely announced to decision makers, 
professionals and the public



Load factor into full load hours: 

An example in Korea

Residence Building

(Apartment):

1,800 hrs for heating

540 hrs for cooling

 CF = 0.27

(can be higher if we

account for DHW or

individual houses)

Office Building 

(City Hall):

570 hrs for heating

590 hrs for cooling 

 CF = 0.13
(10 hr/day, 21.5 day/m)

cf> 2430 = 720

41 %

22 %

19 %

24 %



Example of guide: installation of 

monitoring sensors

Incorrect 

Correct 

UK DECC, 2014, Preliminary data from the 

RHPP heat pump metering programme

 We need to provide a list of 

useful engineering (monitoring) 

guidebooks as well



The integrated and intelligent 

electricity system of the future

(Energy Technology 

Perspectives 2014, IEA) 

2014

2050

We need to show them 

GHP is really suitable for 

distributed energy system! 



Thank you for attention!

(Link, 2016)

▪ For more information:

‐ ReGeoCities (http://regeocities.eu)

‐ Grounmed

(http://www.groundmed.eu)

‐ EGEC.org and many others,,,,

▪ Smart energy grid to meet distributed 

energy system


