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ABSTRACT: The research investigates the application of Earth Air Heat Exchangers (EAHx) as a means 

of low energy cooling in composite climate (Delhi - 28°36′N 77°13′E, India). The research begins with 

establishing the need for cooling systems to alleviate the extreme climate. Theoretical study of 

components of an EAHx and also of factors affecting its performance was undertaken. Its relation with 

the rules of thumb used in practice revealed the juxtaposition between the theory and the practice. Case 

studies chosen for fieldwork varied in the way they incorporated the EAHx as a part of the cooling 

system. This helped in deeper understanding of its potentials and its limitations. This assisted in feeding 

the research with ideas that were tested using analytical studies. The analytical work focuses on varying 

the soil properties and use of surface treatments as means of improving the cooling potential of the 

EAHx. Significant improvement in the EAHx performance confirmed the success of the suggested 

proposal. The proposal was carried forward as design ideas based on an integrated approach of the 

cooling system with architectural design, thereby bridging the rift between theory and practice.  
Keywords: Earth air heat exchanger, passive cooling, soil properties, extreme climate 

 
 

INTRODUCTION  

The research focuses on earth coupling as one of the 

effective means of achieving passive cooling in the 

composite1 climate. Since this topic has been researched 

earlier and few projects have been successfully built in 

the authors' chosen context (Delhi, India), the key idea of 

this research was to understand the juxtaposition between 

theory and practice and to draw a common line between 

them to share information on both fronts. The research 

commences by establishing the climatic context and 

identification of need of cooling beyond 'passive design2' 

measures. Therefore along with the climate data, 

traditional examples in the context were analyzed to 

establish the behavioural differences in occupying the 

building and how people in earlier time, by occupying 

semi outdoor spaces, could benefit from high air 

movement and high humidity conditions. At the same 

time, ever existing need for an 'extra source' of cooling 

was established through these studies.  

From few recent researches it was found that the potential 

for earth coupling could be significantly increased when 

used in combination of other natural heat sinks like water 

(Table 1 - adjacent).  

                                                           
1 Composite - extreme climate (both hot and cold with distinct seasonal 

variations) 
2 Measures taken as part of design of envelope - solar control, 

insulation, ventilation, etc  

 
 

 

Location Temperature (°C) RH (%) 

Outside 35 19 

A (1m) 32 23 

B (4m) 30 24 

C (8m) 28 31 

D (12m) 25 55 

E (16m) 25 57 

F (20m) 23 65 

Table 1 Temperature readings at various levels in the Adalaj 

Step well at Ahmedabad (Gujarat, India). Source [1], 

reproduced by author 

 

Like any other passive technique, the success and failure 

of the earth cooling depends on the climate and the user's 

adaptation. The research therefore continues with the 

climate analysis for informed decisions on feasibility of 

EAHx in a composite climate.  
 

 

CLIMATIC CONTEXT 

 

The Composite Climate of Delhi (28°36'N and 77°13'E , 

India) was chosen for the research.  

http://toolserver.org/~geohack/geohack.php?pagename=Delhi&params=28_36_36_N_77_13_48_E_type:city(11007835)_region:US-DC
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Month 
DBT 

(°C) 

Ta 

dmax 

(°C) 

Ta dmin 

(°C) 
RH (%) 

WBT 

(°C) 

Jan 12.9 18.7 7.9 71 10.1 

Feb 16.8 23.1 11.1 63 12.5 

Mar 22.8 29.6 16.7 48 16.2 

Apr 29.1 35.6 22.1 36 18.5 

May 32.7 38.9 26.9 36 21.5 

Jun 32.4 36.5 27.5 54 24.8 

Jul 31.1 34.7 27.9 69 26.5 

Aug 30.0 33.4 26.9 73 26.3 

Sep 29.0 32.7 24.8 69 24.6 

Oct 25.1 31.2 19.7 63 20.3 

Nov 19.4 26.5 12.7 61 14.6 

Dec 14.1 21.0 8.5 70 11.1 

Table 2 and Figure 1, Climate for Delhi, India. Source: Meteonorm 6.1 

Environmental / Climatic parameter = demanding certain passive design strategy: 

 High day time temperatures, low RH value = potential for Evaporative Cooling 

Excess Humidity with low diurnal temperature swings = need for Dehumidification 

Large Diurnal swings (early summer months) = Potential for Night Time cooling 

 

The climate analysis confirms the existence of distinctive 

seasons both in terms of external temperatures with hot 

season (April - August) and cold season (November to 

February) and in terms of Humidity with dry season 

(April - June) with potential for evaporative cooling and 

humid / monsoon season (July - August) with 

requirement of high air movement for physiological 

cooling.  

In addition, the earth temperatures show a great potential 

for both cooling and heating. Though due to high solar 

gains, heating is generally uncommon in the context. The 

earth temperatures and its variation with external 

temperatures prove the behaviour of earth as 'thermal 

mass' with a shift of about 4 - 6 months. This shift / lag 

allows for the cool air discharge during hot summers and 

vice versa during winters. The temperatures at 

appropriate depth3 vary by a rather much less magnitude 

as compared to the external conditions. In effect this 

difference provides heating or cooling. It confirms that 

with increased extremities in climate, the performance of 

the EAHx will be improved.  
 

Preliminary and basic analytic work was performed using 

Tas v9.1 to test the limits of envelope optimization. The 

simulations were performed with the following 

assumptions (Table 3) 

The analysis shows that a considerable amount of cooling 

is required beyond envelope optimization to achieve 

comfort indoor conditions.  

                                                           
3 Generally taken as 4-6m in practice 

 

Table 3: Material properties and strategies taken for simulation 
Building 

element Wall Floor Roof Glazing 

Passive 

Strategies 

Construct

ion 
9" brick + 

50mm 

Glasswool 

insulation 

100mm 

Concret

e + soil 

(1m) 

100mm 

Concrete 

+ 75mm 

Glasswool 

insulation 

Double 

glazing 

Shading 
and Night 

time 

ventilatio

n 

+thermal 

mass 

U Values 

(W/m²K) 0.58 0.94 0.46 2.83  

Cases Case 1 Case 1 Case 2 Case 3 Case 4 

 
Typical 
building 

With 

solar 
control 

With 

Roof 
Insulation 

With 

Night 

vent and 

Thermal 
mass 

Wall 

insulation 

+ Double 
glazing 

 

 
Figure 2: Comparing performance of various passive measures 

for envelope optimization 
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GROUND COOLING 

The undisturbed earth temperatures at a depth of several 

meters are almost constant and close to the annual 

average temperature [3]. Thus in summers, it is always 

cooler than the ambient air temperatures (Figure 2). The 

amplitude of the sine graph at depth of about 3 - 4m is 

comparatively much stable than the ambient, plus it may 

offer a time lag of several months. The other advantage of 

ground coupling is that it serves both as Thermal mass 

and as a Heat Sink. Therefore it first stops the heat to 

reach the building and then cools the spaces by indirect 

coupling.  
 

Various options of earth coupling are available including 

geo thermal and earth contact through semi buried 

buildings. For the scope of this research, only Earth air 

ducts (Fig 3) were considered.  

In this method pipes are buried at a certain depth where 

the annual temperatures do not fluctuate significantly. Air 

is passed through the pipes to allow air to earth heat 

exchange. The cooled air is then supplied to the habitable 

spaces. It acts as a means of 100% fresh air. 

 

 
Figure 3: schematic showing the working of an Earth Air duct / 

EAHx 

 

The performance of the EAHx is affected by various 

factors. These were first explored theoretically and then 

later confirmed and also contradicted later during 

fieldwork studies. Factors affecting the performance of an 

EAHx: 

1. Design Depth 

2. Soil Properties and surface treatments 

3. Tunnel Properties 

a) Length and Cross sectional area of the Tunnel 

b) Air velocity 

c) Material of construction 

4. Schedule of Operation  

 

Design Depth 

Depth in ground (m) 

Temperature values of significance and 

relation with ambient 

0.3 

Diurnal temperature fluctuations are damped 

to less than 2°C 

0.6 Diurnal fluctuations are negligible /none 

1.0 
Only Monthly temperature variations are of 
consideration 

3 to 4 

Only Annual / Seasonal temperature 

variations are of consideration. 

Also the ground temp. Closely follow annual 
ambient mean temp. 

Table 4: Relation between depth and factors affecting 

temperatures at that depth 

 

Therefore, as one would bury the pipes deeper in the 

ground, the impact of outside extremes on the EAHx 

would reduce. 

Finding the actual values of depth temperatures is 

important yet difficult. Actual measurements of the same 

can become a stringent, time consuming and 

uneconomical task. For this very reason the author during 

his fieldwork found out that most of the EAHx are 

installed at 3.5 - 4m depth, but in none of the projects 

using EAHx, the soil temperature was actually measured. 

 

Soil Properties and surface treatments 

The particle size and the air / water trapped between them 

decide the thermal properties of the soil. Large granules 

of soil trapped air making the ground behave as 

insulation. For this very reason, the sand on the beach 

may be hot above, but as one burrows his foot into it by 

few centimetres, it is cool. So Dry soil behaves as 

insulation and can avoid heat transfers from the surface.   

On the contrary, when the soil granules are small they 

tend to trap water in them, thereby increasing its 

conductivity. This is to advantage when the heat needs to 

be diffused or transferred. Therefore wet soil behaves as a 

heat sink and can help in heat dissipation / diffusion. 

 

Surface Treatments 

Surface coverings of low thermal conductive4 materials 

like wooden chips or pebbles5 can assist in keeping the 

soil shaded as well as prevent increase of its surface 

temperatures. Surface treatments can also assist in 

reducing depth temperatures [4].  

 

Tunnel Properties 

The key to a well performing EAHx is that the air should 

spend enough time in the exchanger to come as close as 

possible to the ground temperature. So, theoretically long 

pipes with high air velocity should give similar outputs as 

short pipes and low air velocity. 
 

Length of the Tunnel 

The desired length of the tunnel depends on the soil properties, 

the site conditions, the depth of the pipe and the cross sectional 

area. The air should travel enough length to allow maximum 

earth coupling possible. But it should also be noted that over 

                                                           
4 or with air trapped in them - making them behave as insulation 
5 Pebbles trap air between them 
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designing length doesn't help in achieving better efficiency [5] 

and Figure 4 (below). 

 

 
Figure 4: Simplified representation of change in temperatures 

with changing length of the EAHx pipe 

 

The cross sectional area or the tunnel diameter defines the 

contact surface area of the air to earth. Therefore small 

diameter tubes and multiple in number spread all over the 

site would give a better performance than large diameters 

pipes [6]. 

But a more important issue is the maintenance of the 

system. Circulation of outside air, especially in humid 

months, can lead to growth of fungi and moths. During 

his fieldwork it was found that the pipe diameter was kept 

of the order of 750mm (or more) to allow for occasional 

cleaning. 

 

Air Velocity 

To ensure maximum coupling of air and earth, the speed 

at which the air moves in the tunnel should be carefully 

calculated. Too high a speed will result in 'no cooling' of 

the inlet air; but also very low air speeds could result in 

high static pressure drops across the tunnel length. 

Therefore a desirable air speed of 2 to 4m/s should be 

maintained in the EAHx. Spot measurements taken 

during the fieldwork confirm that systems pushing air at 

speeds of 9-11 m/s gave outputs with negligible 

differences from ambient temperatures. 

 

Schedule of operation  

Often neglected or untouched in the past research is the 

operation of the EAHx. The author discovered few 

interesting facts during the fieldwork regarding the same.  

Like any other passive strategy, the success and failure of 

the EAHx finally depends on the way the user operates it. 

The EAHx is not a 24 hours x 365days cooling system. 

The earth around the tunnel may saturate (heat storage 

capacity) and thus needs to be cooled down or given 

some rest. The operation cycles should allow for non 

operational periods to help the EAHx regain / maintain its 

cooling potential. 

Daytime operation gives the EAHx the necessary respite 

at night. But it is important to note that such a schedule 

circulates air at only high day time temperatures. The 

earth around the tunnel may saturate over a prolonged 

summer period affecting the efficiency of the system.  

 

On the other hand one may also argue that 24 hours 

operation allows for cool night air to be circulated 

through the tunnel as well. This helps the tunnel to cool 

itself. But with progressing summers, the night time 

temperatures also increases in Delhi. Therefore 

circulation of nigh air may not provide enough cooling 

and thus the system needs to be switched off on weekly 

or monthly basis. 

 

APPLICABILITY 

Having understood the design parameters of an EAHx, it 

is important to discuss the scope of its application. The 

EAHx offers 100% fresh air that is conditioned to 

comfort levels. EAHx can function as a full year system 

as it provides cool air in summers and warm air in 

winters. High air exchange rates from the EAHx help in 

easy flushing of the heat - accumulated on interior 

surfaces, thereby reducing the Mean Radiant 

Temperatures (similar to semi outdoor spaces in 

traditional architecture). 

The above characteristics of an EAHx make it an 

effective tool for spaces that don't demand 'air 

conditioning' levels of comfort, but require some respite 

from the extreme climate.  

Furthermore, EAHx can be used in combination with 

other heat sinks. Its cooling potential can be significantly 

increased by the use of evaporative cooling.  
 

 DB

T 

(°C) 

RH 

(%

) 

WBT 

(°C) 

Wet 

bulb 

depressi
on (°C) 

(DBT – 

WBT) 

80% of 

wet bulb 

depressio
n (°C) = 

max. 

Evap. 
Cooling 

possible 

Temperatur

e if max. 

Potential is 
achieved 

(°C) 

Outsid

e Air 

35 20 19 16 12.8 22.2 

Air 

after 
EAHx 

23 40 15 8 6.4 16.6 

Table 5: Evap. cooling potential of ambient air v/s air after 

EAHx. Temperature source: Fieldwork by author 

 

The Table 5 above shows that if the air after passing 

through EAHx is evaporatively cooled, it can attain much 

lower temperatures. This strategy has been successfully 

used by practitioners in Delhi and is discussed further in 

subsequent section.  
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FIELDWORK 

In order to test the factors and parameters associated with 

the EAHx and its performance, the author conducted 

fieldwork of 2 built examples. Due limited scope of the 

paper, only one has been presented below.  
 

University Campus (Neemrana, Delhi / Rajasthan) 

The EAHx has been employed at a large scale in this University 

Campus Building. High levels of solar radiation, fast moving 

dust storms, and sparse vegetation in the area were some of the 

key challenges for the designer. The EAHx was seen as a 

solution to this problem and was employed as the primary 

means of ventilation. A total of 1.6km run of EAHx pipes were 

constructed during the current phase of the project (fully 

operational).  

 

EAHx Design parameter   

Design Depth  4 m 

Length of the each Tunnel 100 m 

Air speed through EAHx - m/s 

Air speed at the vent (use of diffusers for better 

distribution of air) 2.5 m/s 

Tunnel Diameter  1200 mm 

Tunnel Material  Concrete 

Table 6: Key facts about the used EAHx system 

 

The campus houses various buildings ranging from that 

of Academic facilities, administration to residential. Each 

building is served by an AHU(s) which uses the EAHx as 

the primary source of inlet air. Depending on the seasonal 

requirements, this air from in the AHU can then be either 

supplied with just basic filtration (100% fresh air through 

EAHx), can be further cooled by evaporation or can run 

in mixed mode with cooling from evaporation + chillers. 

For further understanding of the system, onsite readings 

taken on 28th June 2010 have been plotted on Figure 5 

(below).  

 
Figure 5: working of the EAHx and AHU system for case study 

building 

The following observations were made from the data 

loggings (data for April - June from onsite facility 

manager): 

 Evaporative cooling of the EAHx air can 

significantly reduce the output temperatures. 

Combination of EAHx + Evap. cooling provided 

temperatures of the order of 20 to 24°C in dry 

months of April and May 

 Periods experiencing high humidity show reductions 

in cooling achieved by evaporation. Thus during 

such periods the use of chiller is unavoidable to 

maintain desirable cooling outputs 

 The possibility of using and switching between 

systems as per ambient conditions offers the user 

greater flexibility in maintaining required output 

temperatures 

 During late hours in April the earth was found to be 

at higher temperatures than night time cool air. This 

is marked as the negative cooling output in figure 

58. Thus circulating night time air through the 

tunnels would help them to cool down 

 

 Saturation of Soil Heat storage capacity 

For the months of July and August, the daily 

temperatures subside to the order of rather stable6 

earth temperatures (fig.59). Spot measurements 

taken by the author on the 7rd July showed only 

3.5°C of cooling by EAHx (with outside 

temperatures at 41°C).  

Therefore heat dissipation from the EAHx is 

essential. 

Similar results were found from the 2nd study 

conducted. 
 

 
 

In conclusion, the architectural design and operation 

schedules play an important role in the success of the 

EAHx. Use of other heat sinks in combination with 

EAHx (hybrid mode) provides better cooling outputs and 

more flexibility in its application.  

But in both the cases, the prolonged exposure of EAHx to 

hot conditions led to saturation of earths' / soils' heat 

storage capacity. The only means to regain or to improve 

the cooling performance of EAHx is by increasing heat 

dissipation from the EAHx. Though as a designer little 

can be done about how the user operates the system, the 

                                                           
6 Rate of temperature reduction for earth is << that of 

ambient (due to high thermal resistance of earth) 
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problem of heat diffusion can be solved in several ways. 

The following section elaborates on such proposals and 

their effectiveness as tested using analytical tools.  
 

 

ANALYTIC WORK  

 

 
Figure 6: proposal developed after [4] and [7] and fieldwork 

findings 

 

One of the solutions developed after [4] and [7] mentions 

how by changing the soil conductivity and having 

appropriate surface treatment, the above issue of heat 

storage saturation can be avoided. Dry soil near the top 

can help in minimizing the heat transfers to below and 

wet soil near the tunnel can help in heat dissipation, 

thereby avoiding saturated conditions. The same was 

tested by both Tas v9.1 and Therm 5.0. But only results 

from Therm are presented below. The results primarily 

show the flow of heat across soil depth (for given 

boundary conditions). The boundary conditions were 

specified from the logged data and onsite measurements. 

 
The results demonstrate how due to dry soil (low 

conductivity) and surface treatment, the heat from the top 

can be limited to just 1m of soil depth from surface. 

Furthermore, by having a wet soil around the pipe, the 

heat gained by the pipe can be dissipated to deeper cooler 

layers. Therefore the proposed solution would be highly 

efficient in eliminating the overheating and saturation of 

the soil around the EAHx.   

 

 

DESIGN PROPOSAL 

 

The fieldwork conducted helped significantly to gain first 

hand knowledge on the subject and to understand the 

juxtaposition of theory and practice (figure 7).  

 
Figure 7: Highlighting the differences in considerations 

between theory and practice while designing EAHx 

 

EAHx have various limitations in terms of maintenance, 

installation costs, knowledge available in the market for 

successful designing, etc. But a lot of these can be dealt 

with by an early on design integration of the system 

(example: figure 8 below). 
 

 
Figure 8: Design integration of EAHx - with appropriate 

surface treatment, etc 

 

Like any other passive system, the EAHx has a capacity 

beyond which they cannot be exploited to fulfil comfort 

needs. Therefore design integrations not just include 

designing environmentally responsive / passive buildings, 
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but also to have active occupants for the successful 

functioning of them.  
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