




O A K  RIDGE NATIONAL LABORATORY 

UNION CARBIDE CORPORATION 
N U C L E A R  D I V I S I O N  

O P F R A T i I f l  L3Y 

POST OFFICE aox x 
OAK RIDGE,  TENNESSEE 37830 

A p r i l  20, 1982 

To: Rec ip ien ts  o f  Subject  Report 

Report No.: ORNL/COM-86 C l a s s i f i c a t i o n :  U n c l a s s i f i e d  

Author  : R. L. Wendt 

Earth-She1 t e r e d  Housing, An Eva lua t ion  o f  
E;nergy Conservat ion P o t e n t i a l  

---- Sub j ec t : 
l__ll 

ERRATA 

Please note the f o l l o w i n g  c o r r e c t i o n s  t o  ORNL/CON-86: 

P-24 Change the second reference 11 ( l a s t  l i n e  o f  page) 
t o  re ference 12 

P-27 Change reference 12 t o  re ference 13 
Change reference 13 t o  re ference 14 
Change reference 14 t o  re ference 15  

P-28 Change reference 15 t o  re ference 16 
De le te  the second reference 16 ( l a s t  l i n e  o f  s i x t h  paragraph) 

R.  *L.  Wendt 

RLW: saa/a 





Contract No. W-'7405-eng-26 

ENERGY DIVISION 

EARTH-SHELTERED HOUSING, 
AN EVALUATION OF ENERGY-CONSERVATION POTENTIAL 

R. L. Wendt 

DEPARTMENT OF ENERGY 

Office of Buildings Energy Research and Development 
Buildings Division 

Date Published: A p r i l  1982 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

operated by 
UNION CARBIDE CORPORATION 

for the 
DEPARTMENT OF ENERGY 

3 4456 04521308 b 

. . . . . . . . . . . . 





TABLE OF CONTENTS 

ABSTRACT v 

INTRODUCTION 1 

EARTH-SHELTERED HOUSING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Scope 3 
Description of Earth-Sheltered Housing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Factors Influencing Energy Performance . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  4 

EVALUATION OF THE CONCEPT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Energy Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Applicability of the Concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

. . 31 Marketability of the Goncept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CONCLUSIONS . . . . .  43 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REFERENCES 45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ADDITIONAL4 SOIJRCES OF INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

... 
111 



ACKNOWLEDGMENTS 

The author gratefully acknowledges the efforts of the Oak Ridge National TAaboratory 
staff members who significantly contributed to  the production of this document: L. F. 
Truett, editing and coordination; L,. D. Gilliam, graphics and makeup; C. L. Nichols, secre- 
tarial assistance and composition, 11. B. Shapka, G. A. Christy, S. El. Brite, and M. B. Yost, 
analysis of energy and cost comparisons; and 6. E. Courville and J. W. Michel, who gave 
advice and guidance. In addition, the support and cneouragement of J. J. Boulin, Depsrt- 
ment of Energy, contributed significantly to the accomplishment of this document. 

iv 



ABSTRACT 

The ITS. Department of Energy’s Innovative Structures Program (ISP) began an evalua- 
tion of the energy conservation potential of earth-sheltered houses in late l979. Since that  
time, several projects have been undertaken by the ISP as part of this evaluation. The find- 
ings of these projects, plus a discussion of the work of others in the field, form the body of 
this report. Although a comprehensive evaluation of earth-sheltered housing has not been 
completed, this report presents a compendium of knowledge on the subject. The conclusions 
of this report are more qualitative than quantitative in nature because of t he  limited infor- 
mation on which to base projections. However, these conclusions will, in all likelihood, 
remain reasonably valid even with in-depth investigation. 

The major conclusions to date are  as follows: 

Earth-sheltered houses are  capable of very good energy performance. Thermal integrity 
Eac~ors ranging from about 1 to 4 Btu/ft2 per heating degree day are common. This rate 
is comparable with other energy-efficient approaches such as super-insulated and passive 
solar constructions and much better than “traditional” above-grade Construction with a 
thermal integrity factor in the range of 10 to 12 Btu/ft2 per heating degree day. 

Earth-sheltered houses, a s  a passive means to conserve energy, perform significantly 
better in some climatic regions than in others. 

Earth-sheltered houses are  not the optimum passive concept in several major housing 
growth regions of the country. 

Earth-sheltered houses, including their land and site improvements, will cost an 
estimated 10 to 35% more than comparable aboveground houses, and this additional cost 
may not he justified on a life cycle cost basis, given 1981 market conditions. 

The use of earth sheltering will probably grow in some parts of the country; however, 
broad-scale national or regional utilization is not likely to occur in the next 20 to 30 
years. 





EARTH-SHELTERED HOUSING, 
AN EVALUATION OF ENERGY-CONSERVATION POTENTIAL 

INTRODUCTION 

Interest in the use of earth-sheltered housing has increased markedly over the past few 
years. Since the mid-l970s, a major reason for considering earth sheltering has been its 
potential to conserve energy, which has been claimed to be as high as 80% or more when 
compared to ‘traditional, non-energy-conscious, aboveground houses. This conservation 
potential and increased public interest, juxtaposed with numerous uncertainties, such as the 
concept’s actual energy performance and cost to build, led to the necessity of this report. 
The report investigates the energy conservation potential as well as the potential for broad- 
scale utilization throughout the IJnited States. It is based upon activities undertaken by the 
ITS. Department of Energy’s (DOE) Innovative Structures Program (ISP), both a t  the Oak 
Ridge National Laboratory (ORNL) and through subcontractors, as well as the published 
work of a nuniber of experts in the area. I t  uses the methodology developed by the IS? in 
its overall approach to the evaluation of earth-sheltered housing, discusses the activities of 
the ISP in earth sheltering, and shows the relation of these activities to the overall analysis. 
Finally, it  draws some conclusions regarding the future potential of this concept. 

1 





EARTH-SHELTERED HOUSING 

Scope 

The focus of this report is on earth-sheltered housing rather than on earth-sheltered 
buildings in general. Commercial, institutional, and industrial structures have been 
excluded because nonresidential structures are built below-grade primarily in response to 
issues other than energy conservation. Examples of these issues are the preservation of 
open space, the high value of a particularly desirable location, or  storm protection (as in 
Oklahoma schools). I n  addition, a wide disparity between the physical requirements of com- 
mercial, industrial, and residential space inhibits transfer of research between these build- 
ing uses. I t  was decided to focus attention on the housing sector where energy Conservation 
is a major issue and, for the purpose of this evaluation, to exclude the others. This decision 
was not meant to imply that  significant energy conservation, through earth sheltering, can- 
not be obtained in commercial, industrial, and institutional facilities. Clearly it can, and 
this may be a fruitful area for future evaluation. 

High-density or niultifamily residential housing was also not investigated in depth 
because the successful application of the earth-sheltered concept to these areas depends 
heavily on neighborhood design and community planning issues which were beyond the 
scope of the ISP. This area, however, appears particularly promising as energy conservation 
can accrue from hoth improved building perhrmance and a significant reduction in tran- 
sportation, utility distribution, and embodied energy consumption resulting from the higher 
density. 

Descrigtion of Earth-Sheltered Housing* 

Numerous publications exitit which amply describe both the concept of earth-sheltered 
housing and the state of the art. Some of the more instructive documents are  available 
from sources listed in the section of this report entitled ADDITIONAL SOURCES OF 
INFORMATTON. However, since this report may be read by persons unfamiliar with the 
concept, a very basic description follows. 

Earth sheltering uses the earth as both a moderator and a harrier. The earth provides a 
nmre stable and moderate environment in which to place structures than does the atmo- 
sphere. I t  also provides a barrier to wind and starm effects and a large thermal storage 
capacity that allows intermittant energy sources, such as the sun, to be used effectively. 

* Information in this and the following section has heen borrowed liberally from Eartlr Sheltered Hoicsrng Code, 
Zwatng, and I”masctrLy Zssws, prepared for thc IJ S. Department of Housing and Urban Development by the 
Underground Space Center, University of Minnesota Used with permission. 
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Earth-sheltered housing varies widely in design and layout. Typical relationships to the 
ground surface are shown in Fig. 1. Some residences have only earth-covered walls; for 
others, earth also covers the roof. Most types can be constructed a t  the natural grade. 

One of the most common types of earth-sheltered housing is the elevational design 
(Fig. 2) in which windows and openings are grouped on one side of the structure. The 
three remaining walls are earth-covered. When the windows face south, a maxinium 
amount of passive solar heating can be obtained. Those moms used most frequently during 
daylight hours are usually placed along the wiiidoiv wall. 

earth-cowered walls only 

earth-covered walk and roof 
fu Ily recessed * 

Pig. 1. Typical relationships to the groiinall surface. 

Another common type is the atrium design (Fig. 3). In this design, the habitable rooms 
cluster around the atrium or courtyard to provide exterior exposure. Atrium designs are 
most commonly used on flat sites or on those surrounded by intense developmeiit. 

Other earth-sheltered dwellings have windows on more than one wall and begin to more 
closely resemble a traditional house plan than either the elevational or atrium designs 
(Fig. 4). These designs are best in milder cliniates where the impact of cold winter winds 
and hot summer afternoon sun will not significantly reduce overall energy performance. 

Many earth-sheltered residences perform well from an energy conservation point of view. 
The level to which they perform varies with the specifics of their design. The range of their 
actual energy performance will be discussed in the section entitled GVALUATION OF THE 
CONCEPT. 

Factors InPl uemmcing Energy Performance 

One significant advantage of earth-sheltered housing and the reason for ISP evaluation 
is its potential energy savings when compared to traditional aboveground housing. This 
potential is based on several unique physical characteristics. 

The first is the reduction of heat loss due to conduction through the building envelope. 
The amount of heat lost in this manner is a function of the thermal transmission coefficient 
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Fig. 2. Elevationai design. 
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section 
Fig. 3. Atrium design. 
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Fig. 4. Earth-sheltered house with a more traditional plan. 

(%factor) of the envelope and the temperature difference hetween the inside of the envelope 
and the outside. While the R-factor for earth is substantially lower than that of other insu- 
latirig materials, the large amount of earth inherent in earth sheltering can provide an 
overall R-factor comparable with more highly insulated structures. 

The temperature differential for aboveground structures is the difference between the 
outside air temperature and the interior temperature maintained for the comfort of its inha- 
bitant. Under extreme conditions, this differential can be as much as 32°C (90°F) or more 
in some parts of the country. The daily and seasonal fluctuations of temperature below the 
surface of the ground never equal those of the air above. The deeper the temperature is 
taken, the less severe will be the variation. This concept, illlistrated in Figs. 5 arid 6,  
shows the daily and yearly soil temperature fluctuations at various depths. This reduced 
temperature differential results from the thermal storage capabilities of the soil which 
moderate extremes of temperature arid create seasonal lags, wherein energy frsm one season 
is transferred to the next season. 
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6. Annual temperature fluctuation (Minneapolis). 

Figure 5 shows that  daily fluctuations are  virtually eliminated a t  depths us shallow as 
0.2 m (0.7 ft,) o f  soil. At  greater depths, soil temperatures respond only to seasonal changes, 
and the change occurs after considerable delay. Figure 6 shows the seasonal temperature 
fluctuation a t  various depths in the Minneapolis-St. Paul area. A t  a depth o f  5 to 8 m (16 to 
27 f t ) ,  the ground temperature is virtually constant. In addition to the damping effect, there 
i s  also a significant thermal lag effect which occurs a t  depths below 3 m (11 ft). At  this 
depth, the soil teniperature lags behind the surface temperature. This effect can carry some 
of the stored coolness of winter into summer and some of the stored heat of sunimer into 
winter. Few residential buildings are built to a depth to take full advantage of this 
phenomenon. 
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The thick earthen blanket around much of an earth-sheltered dwelling effectively elim- 
inates infiltration through those portions covered. This reduces energy loss due to infiltra- 
tion to only the exposed portions of the structure. While this loss of infiltration may 
require the installation of a ventilating system to maintain indoor air  quality, these systems 
can be readily designed to recover a large portion of the energy normally lost when ventila- 
tion by infiltration is utilized. 

Many earth-sheltered dwellings are constructed of concrete or concrete block, which has 
a large thermal storage capacity. In addition, under certain circumstances, the earth around 
portions of the structure can be thermally coupled to the building wall so that  the storage 
capacity is significantly increased. This thermal storage capacity can absorb excess energy 
from the air or from direct solar insolation. This heat is released back into the dwelling 
whenever the inside air. temperature is below that of the thermal mass This process can be 
slow enough to “carry” a house for several days should the energy source be interrupted. 
An example of this effect is shown in Fig. 7. The thermal storage capacity can also be 
integrated with energy systems (fireplaces, wood stoves, passive solar, etc.) which provide 
heat. on a fluctuating basis. This integration can effectively dampen the fluctuations and 
thereby provide a greater degree of overall comfort. 

With proper design, the effects of these physical characteristics can result in a signifi- 
cant reduction in both heating and cooling energy requirements. 

In addition to the potential energy savings described above, there are several other fac- 
tors that indirectly ineduce energy consumption and thereby enhance the viability of the 
earth-sheltered dwellings concept. 

With the development of clusters or neighborhoods of earth-shpltered houses, earth 
berms and earth-covered roofs can create a far less built-up appearance than traditional 
development. This factor, plus the potential use of flat earth-covered roofs as open space, 
would allow earth-sheltered housing to be built to higher densities, t ha t  is, more dwelling 

ORNL-DWG 81 -4810 
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Fig. 7. Temperature stability of an earth-sheltered house (Rolla, Missouri). 
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units per land area, than traditional singlc-family, aboveground housing, without loss of 
arncnities. The potential increase in density and the utilization of “marginal” lands within 
an urban or suburban area could reduce the total energy consumption of the community hy 
shortening transportation and utility distribution distances. Marginal lands are those 
which, because of proximity to various other community functions such as  heavy industry, 
transit corridors, and airports, arc normally considered inappropriate for traditional 
residential developrnent. The sound and visual isolation potential of earth-sheltered housing 
could allow some of these marginal lands to be considered for residential development, while 
some reduction in the embodied energy of a community’s physical structure could occur 
lhrough the development of more efficient road and utility systems. Whether this would be 
offset, by the higher embodied energy of materials normally associated with earth-sheltered 
construction is uncertain. 

Finally, properly designed structures that  are  substantially surrounded and covcred by 
earth can be inlierently protected from many “weathering” influences that cause deteriora- 
liun. This slowing 01 deterioration reduces the energy consumed in the maintenance of the 
structure. 





EVALUATION OF THE CONCEPT 

Energy Performance 

Background 

The initial effort in the evaluation of energy conservation in earth-sheltered housing was 
an attempt to determine the energy performance of these dwellings. Current iriformation 
about this performance and a comparison of it with other types of housing has been com- 
piled from “claimed,” calculated, and monitored energy performances. Claimed performance 
is typified by such phrases as “My earth-sheltered house uses 60% less energy than that 
used by a traditional above-grade dwelling.” Calculating the energy performance utilizes 
the various modeling toots available to the building designer. The final approach is to field 
measure an inhabited dwelling’s actual energy performance. 

(Ilaimed performance 

This approach is the least scientific and the most prevalent method of describing the 
actual energy performance. The popular press and descriptive brochures on earth-sheltered 
houses have most frequently carried claims of “heating and cooling energy savings of up to 
75% over conventional aboveground houses.” Claims also take other forms - for example, 
“We burned only 1 - 3 / 4  cords of wood during the last heating season,n or “‘My heating bills 
for December and January were only $45 to 50 - not bad!” The more radical claims suggest 
that  energy savings as high as 90% can be expected, while the more conservative claims 
expect savings ol  around 50 to 60%. 

Although all of these claims are  interesting and certainly get people’s attentjon, they 
have a fundamental problem. They offer no basis for true comparison. They represent a 
wide variety of earth-sheltered housing types, climatic regions, sizes of structure, comfort 
ranges, and lifestyles. In most cases, the “traditional above-grade house” comparison is 
rnade with a poorly insulated frame house which has received no weatherization Improve- 
ments, in short, with a type of house that  is no longer built. 

The potential inaccuracies of this approach, coupled with the lack of accurate knowledge 
of the actual energy performance of various types of housing and the many significant 
irnprovements, such as increased insulation, improved weather stripping, and multipane 
glass, that are being applied to currently construeted housing severely e h d k n g e  the credita- 
bility of these claims. What is needed is a more objective, analytical approach, which can 
respond to the shifting base of comparison, and a multitude of differing design and con- 
struction features. A calculated performance (if accurate) and a. monitored performance (if 
representative) can fulfiIl this need. 

11 



Calculated performance 

This approach usss various analytic models available to tlw building designer for calcu- 
latiiig the energy consumed by a building based on a theoretical design year for various cli- 
mates. This approach eliminates many of the sulajective factors and provides a more objec 
tive comparison of various designs and concepts. Earth-sheltered acrd abovegrouad houses 
are rion compared on the same set of assumptions. Only the s t ructur~ and the temperature 
around the structure are variables. 

The calculated performanre for five different locations in thc United States is shown ia 
Table 1. For comparison, the performance of the same size ~f house, built above-grade to 
“good energy conservation statndards for 1980,’’ was also calculatcd The specific design:: of 
the two houses (one earth-sheltered and one above-grade) are illustrated i n  Figs 8-11 (see 
ref. 1). 

Table 1. C Q ~ I I ~ ~ ~ ~ S O ~ I  of the calculated anrriral energy performance ( i r ~  :-,?ilJions 
Qf Btu) for earth-sheltered and ~lbovc-grade residences in five cities 

Cooling 

BLAkS‘Y SOLEST BLAST SOLEST BLAST SOLEST 

.................. .................... ............ .................... ~. 

‘Total Total 
.......... - . . .  ‘Type of ...... 

Heating 
residence 

savings 
~ ................. ~ ~ ~ ~ ~ . 

Boston 

Earth-sheltered 26.7 16.3 3.6 1.0 30.3 17.3 15.7 
Above-grade 30.0 3.0 33.0 
Conventional (new) 83.8 9.6 93.4 

Earth-sheltered 3.7 0.0 5.7 9.9 9.4 9.9 4.9 
A bow-grade 5.2 9.6 14.8 
Conventional (new) 25.7 55.8 81.5 

HOUStQil  

Knoxville 
Earth-sheltered 13.4 5.7 2.2 6.6 15.6 12.3 10.0 
Above-grade 12.5 12.8 25.3 
Conventional (new) 60.8 30.0 90.8 

Minneapolis 
Earth-sheltered 49.4 35.3 5.3 1.7 54.7 37.0 34.7 
Above-grade 67.1 4.6 71.7 
Conventional (nev;) 92.4 9.4 101.8 
Conventional (older) 172.0 12.0 l8l.O 

Earth-sheltered 27.9 14.6 3.8 0.0 31.7 14.6 20.0 
A h o v e - g r d e  24.3 10.3 31.6 
Conrentiorial (new) 85.0 18.5 103.5 

Salt Lake City 

Percentage 
of energy 
savings 

48 

33 

52 

49 

58 
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Heating and cooling loads were calculated for both the aboveground and the earth- 
sheltered sfruetureu, using BLAST with the new PLATO front end. I,oads for the earth- 
sheltered structures were also calculated with SOLEEST by Davis Alternative Technology 
Associatm (DATA). DATA also provided an estiniatc. of energy loads for cotiventional and 
old structures of the same size in the studied regions. 

Ths RI,AST program has been widely accepted and thoroughly debugged fur conventional 
structurcs. Because the data input was “standard,” the results are  acceptable. The BLAST 
program, however, has  limitations in the codes for simulation of massive structures. The 
pr.rgram does not recognize many passive heating features and earth-sheltering characlcris- 
~ i c s ,  b o  an exIrapolation was employed t u  overcome these ~hon.tcomings For this reason, an 
e n c r ~ ~  axialysis from DATA was obtained which simulates earth-shcl-tered and passive 
strsrclures in a mol e acecgt:hle maiin~r.  Thp SOLEST program has i t s  slnortcoininigs in that  
the analyris is not an hourly tirnr-step scheduling analysis for infiltration, orcupancy, light- 
i n g  anid equipment; instead, it uses coribtarit average values for these parameters. P t  can, 
l-luil-ever, estimate the thermal mass and the ground temperatures surrouading the ~ t r u c -  
tures as was ~alled. for in the designs. 

‘Fable 1 shows Ihat the heating and cooling loads for the earth-sheltered structures were 
generally luv~er in thr  SOLEST calculations. Recausc of this fact and the higher confidence 
in the rlcciiracy of t h  calculations in SOLEST, the SOLEST data was aiseci tcr represent the 
earth -sEacltered houses The BLAST data was used to represent the above-grade houses i n  
the life cycles cost study (described in the subsection entitled “Life Cycle Cost”) 

The calculated energy reductions for space eonditiuaiing of an earth-sheltered house, in 
co111paris~n wiLh ati energy-conserving above-grade structure, range €rum 34.7 X IO6 Btu 
in ~ i n n e a p o l i s  t~ 4.9 x 10‘ Btu in Houston.  he percentage reduction ranges from 58% 
in Salt L:tke City to 33% in Houston. These comparisons utilize the ULIST calculation for 
abovc -grade s l  ructures and the SOLEST calceilaticsn for earth-sheltered structures. 

Other i:akulations of energy reductions for space conditioning have been made for 
wrth-cbeltered houses. These reductions, which tend to be somewhat greater than those 
intlicated ahh;ve, are f rquent ly  based on ti standard average heat loss/gain raw rather than 
a spcci fic evniparable design. 

C‘kl l~.ulated performance, while providing a better coxnparison between coiieevts, does have 
limits. vE711ilr. abovrg;lv.ud temperature data is available for many Ior:jtjons, relatively little 
data exists frir ground tm~pxatiiries a t  various depths wi th in  the earth This lack of data 
can I nzpact the accuracy of the various modelrng programs The programs awrrently avajl- 
ablt~ are limited, as chcribed earlier, in lheir ability to accurately portray the effect of the 
large , ~ m n u n l  of therinal ~nass inherent in most earth-sheltered buildings Tn addition, soil 
rnoistuw can significantly increase the heat loss of the earth-sheltered structure. This vari- 
d ~ l e  is not considered in  the models. More validation of the models, plus development of the 
a19ilily to address thermal mass and soil moisture, will be needed before the calculated per- 
n”r:rinaaicc will I-rr a highly accurate indication of the actual energy perforrnnace. 
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Fig. 8. Rendering of above-grade laonse in ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ § ,  Minnesota. 

Fig. 9. Floor plans for above-grade house: (a) top floor; (b) hasieane~t level. 



15 

URNL-DWG 81-9653 

Fig. 10. Rendering of earth-sheltered house in Minneapolis, Minnesota, 

Measured performance 
For the information obtained by measuring the energy performance l o  be most ustmful, it 

should be expressed in units which allow a direct comparison among various housing types, 
sizes, and heating, ventilating, and air- conditioning systems as  well as various climatic con- 
ditions. One such method of comparison currently in use is known as the Thermal Integrity 
Factor (TIF). I t  reflects the Btu/ft2 per degree day to provide space conditioning. 

Figure 12, prepared by the Lawrence Berkeley Laboratory, shows the range of TliFa fur 
various classes of aboveground housesd The Mastin h ~ u s e  a t  2.3 and the BrowneI1 house at 
3.0 are two innovative aboveground structures tha t  were monitored by the Hraokhaven 
National Laboratory. 

Only a handful of earth-sheltered houses have been monitored in such a manner that  the 
TIF can be accurately identified. One house located near Rapid City, South Dakota, was 
monitored during 1978 and 1979.' It consumed about 28,000 Btu/ft2 for 8144 heating degree 
days, which yields a TIF of 3.5 Btu/ft2 per heating degree day. The report on this house 
went on to note that  typical aboveground frame construction homes in the same location 
generally require 10 to 12 Btu/ft2 per heating degree day. 

The energy performance of five earth-sheltered houses is currently being monitored as 
part of the Minnesota Housing Finance Agency Demonstration P r o g r a ~ n . ~  Several of the 
houses have been monitored since June 1980; others were not begun until November 1980. 
Based an the limited data acquired thus far, the TIF appears to range from about 0.8 to 
slightly over 3.0 Btu/ft2 per heating degree day. Table 2 reflects various TIFs for the 
period between September 1'380 and February 1981. 

Another earth-sheltered house in suburbail Minneapolis i s  being monitored! Based on 
the data from June 1979 through January 1980, the TIF was found to be 1.02. However, a 
TIF of 1.6 or 1.7 is expected when the house completes a full annual cycle. Typical TIFs for 
conventional houses in this location were between 4 and 15.4 
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Fig. 11. Floor plans for earth-sheltered house: (a) top floor; (b) basenneait level. 
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Some monitoring through the r ~ s d i n g  of electric meters has also heen accomplished in  
various parts of the country. In one study, five earth-sheltcred Oklahomn houses were mon- 
iloretl between 1917 and 1978.’ Unf(~~tunaleIy ,  the energy consumption recorded included 
appliance usage arid domestic hot w:itw heating as well as the energy expended for space 
heating and cooling. This fact makes i t  extremely difficult to  factor out lifestyle differetices; 
therefnrr, the results are difficult to compare quantitatively. Figure 13 illustrates the 
energy ~J~~fOrl^iallCe of the five earth-sheltered houses. Figure 14 compares the nionth ly 
total cner’gy usage in conventional aboveground and cw-th-sheltered houses. The 
ahovegrouncl consiin1ptioi-t i s  based 011 the mean usage of 20 randonily selected, all-eler trie 
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Table 2. Monthly thermal integrity factor for five Minnesota 
earth-sheltered residences 

........ 

June July Aug. Sept. Oct. Nov. Dee. Jan. Feb. 
1980 1980 1980 1980 1980 1980 1980 1981 1981 

Burnsville n a a 0.65 0.84 a a a 2.03 
Carnden 0 
Seward 0 0 0 0  0 2.14 3.60 2.53 3.19 
Wild River 0 0 0 0  0.19 2.05 1.08 0.91 1.27 

iIouse 
. . . .  .~ . - ..__..____ 

0.89 1.20 2.66 1.92 a 0 0 0  

Willmar (I a 2.28 2.34 1.23 2.72 2.01 a 
. ~ 

“No  data taken. 
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Fig. 13. Msntbly energy usage ia7i five earth-sheltered 
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Fig. 14. C~mplai-is~n of monthly total energy usage in c ~ n v ~ ~ t ~ ~ ~ a ~  abovegrsund and earth- 
sheltered homes. 
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dwellings in the central Oklahoma area. This approach compared the earth-sheltered 
houses to aboveground houses, which may or may not have been built with conservation in 
mind. A cornparism with recently built, energy-efficient, above-grade houses would prob- 
ably have reduced the differential in energy consumption. However, in both cases, earth- 
sheltered houses would have consumed less energy. Other isolated examples of measured 
performance are  undoubtedly occurring in other regions, although, to  date, no results from 
these activities have come to the attention of the author. 

Evaluation ta, date 

Based on the limited information gathered to date, i t  can be said that  earth-sheltered 
houses can perform significantly better than traditional ahove-grade dwellings. The claim 
that  heating energy consumption can bc reduced 75% appears to be substantiated when one 
ccrrnpares a well-designed, earth-sheltered house having a calculated or monitored TIF of 2.5 
with a traditional house having a TIF of 10. Because the intuitive claimed performance, the 
calculated performance, and the monitored performance are  in the same range, the probable 
degree of conservation that  can be obtained through earth sheltering is believable. How- 
ever., earth-sheltered housing is not competing with the traditional dwelling, but rather with 
currvnt home-building practice and with other forms of innovative, energy-conserving hous- 
ing. The TIF of these structures differs markedly from that  of the traditional house. A TIF 
of 7.5 is considered as representative of a “baseline, moderately insulated h o ~ s e . ” ~  Fig- 
ure 12 shows the National Association of Home Builder’s 1975/1976 Building Practice rang- 
ing from 5.8 to 6.2, Values in the 0.6 to 1.1 range are  predicted for superinsulated h o u ~ e s . ~  
From this information, i t  appears that  earth-sheltered housing does have strong conipetition 
from superinsulated houses in the area of energy conservation. Whether or not home buyers 
will choose an earth-sheltered house or some other type of housing as a means to conserve 
energy will undoubtedly depend OD inany factors (which are  discussed in the following see- 
tions). 

Further work 

It appears that  the nieaaured energy usage of a handful of earth-sheltered residences 
may not be sufficient to accurately portray the energy performance of this concept. In addi- 
tion, niost of the monitored houses have been professionally designed with the intent to 
minimize energy consumption. For these reasons, a broader monitoring efforl, covering a 
variety of climatic regions and both professionally and nonprofessionally designed houses, 
could produce significantly more useful information and enhance the ability to further 
evalurite the concept. Work to improve the calculated performance through the use of coni- 
puter. models could also benefit from this data as a means of verifying or improving existing 
codes. The results of this extended monitoring should be publicized in conjunction with the 
results from a variety of other energy-efficient housing concepts so that  the public will be 
able to immediately grasp the relative advantages or disadvantages of each c o n c t ~ t .  

Another poorly documented variable is the impact of the inhabitant’s lifestyle on the 
energy performance of the house. Dwellings that  house two working adults who keep the 
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tempera turc of the unoccupied structure a t  12°C (55°F) in the winter will undoubtedly coil- 
sume significantly less energy than the same dwelling that houses a family of siA where the 
temperature is m a i n t a i r d  a t  18°C (65°F) and where f i  en? opening and closing of the 
ehtcrior door by the children is eapect~d I t  has also been suggested that  some pz-i~ple who 
move into houses which are classed as “energ:y conserving ’ nctually change their lifestyles to 
eriliance the effect of the structure. ive solar duellings 
Whether or not this additional energy savings, achieved through a change in lifestyle, hould 
be universally applicable has i ~ o t  been determiilecl It is, therefore, with a seme 3f some 
uncertainty that one must view the actual eiiei gy performame of earth-sheltered houses. 

This is palticularly true of I, 

Applicability of  the Concept 

Background 

To assess the overall energy impact resulting from the optimum utilization of earth- 
sheltered housing, it is necessary to deteiinine i o  what extent this concept can be prudently 
applicd throiighout the United States, iiia’t is, to understand the factors that  irlfluence the 
applicability of earth-sheltered IIOUSPS. Earth-sheltered houses achieve their energy- 
conseiving performaace through the use of inher eiil architectural festui ea si~ch as being 
below-grade, having massive construction, etc. These “passive” measures are sensitive to 
climatic conditioiis. In fact, the climatic ConCiiLioi1 is the domillant factor in determining to 
what extent an earth-sheltered house is the appropriate response to the ho~aeo~,v~ier’s desire 
to minimize eflergy consumption. 

I‘hese houses also have certain unique physical characteristics which are impacted by 
topography, subgrade conditions, and other factors that  call liiilit the cost. effective applica- 
tion of the concept in certain locations. ‘She added costs, arcrwd from responding to these 
various factors, teiid to inhibit, but iiol eliminaie, the application of the concept. In general, 
these factors haw little or no impact on the dwel!ing’s energy p~sformance 

Demographic factors such as the type, size, and location of housing units being built, 
along with current population and growth trends, assist in delcrmining t h t >  dpplimbili t~ of 
thc earth-sheltered approdch. 

- 

Earth-she!tercd houscs arc able to sigiiificantly reduce the energy consutned irl iient ing 
and cooling through the use of various inherent elements of their design. These indude ai1 
eartheii blanket over 211ci around the  structurr- to rednre infiltration, close coupling to deep 
ground temgrratures to minimize the temperature differential betweoii indoors and the sur- 
roundings, liiriited openhg i n  the enbelope, solar-wiented windows to permit passive solar 
heating, heavy masonrl corisil uctioii to perinii the s t o r a p  of solar <$neigh, etc. Th~s  “pas- 
sive” performance is heavily dependent upon the above- and below-grade climatic conditions. 

A study by K. Tzihs in  1981, sponsored. by the Innovative Structures Program, accom- 
plished an in-depth ari2lh sis of earth-sheltered hoiisw iii the various climatic regions 
throughout the United This study looked a t  both summer a d  wintc:. Impacts of 
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Table .% Twenty-nine cities investigated ira a regional analysis o f  
ground and abovegrvuaid climates 

Minneapoli.i, Minnesota 
Nnshsilk,  Tennessec 
New Orirans, Loiuisiana 
New Pork City. New "icirk 
Ohlahotnil City, 0kl;ihorra 
Phoenix, Arizona 
Raleigh, North Carolina 
Sslt Laiw City, Utah 
San Antonio, 'rcxas 
San Fsani:isco, California 
Seattle, W&ingStor, 
Til(;z;t>n, Ar-izo~iti 

Windsor Lacks, Connecticut 
IVast:irlgtc,n, 1s.e. 

valiic of earth shdtering and is not necessarily a total measure of the S ~ B C C ~ S S  or fztilure of 
this climatc.-crtntrol concept. Thp surcess or failure of any structuri> lo cc~nserve c n e r g ~  

tids less upctn wht.eher it is above- or below-grade than upoal lsow it mas d e & q ~ t l  to 
rc~sporid to the climate in which it is placed. 

A nnther climatic fnrtor (not investigated in  ref. 8 )  that influences the enerm perfor- 
n ~ m c e  of earth-shelterd houses is rainfall. Rainfall directly impacts the amount of m&- 
turi! in and n;loving through the top few meters ~f the grcrutld. I t  is in this depth range that 

The presence of waber in the soil markedly increases the p~ ten t i a l  cs are biiibi 
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Fig. 15. Earth-tempering regional. suitability summary map. 
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for heat loss in  winter by significantly reducing the soil's insulating chararteristics, Flow- 
ing water next to a structure can also carry away heat. These lossps can be offset, Iiotveves, 
by increasing the building's insulation. 

The niagriitude of heat loss due to moisture in the soil has not, to date, beeri well docu- 
mented. Many of the variables remain uninvestigated. Despite this general lack of 
knowledge in the area, i t  is felt that  the impact of moisture in the soil on the energy perfor- 
mance (If an earth-sheltered house is small by comparison to the inipact of placing the dwel- 
ling below-grade. Therefore, while arid regions may be best to reduce wintertime heat loss 
and wet, regions best in the surnrner to prornote loss and reduce air conditioning loads, this 
factor does not appear to play a key role in tho decision as to whether or not to build 
below -g rade. 

Topography 

Topography is another factor which can influence the applicability of earth-sheltered 
houses. Unlike climate, topography tends to impact on a micro or site-specific scale. Slopes 
can change dramatically in short distances, and this fact precludes drawing any regional 
conclusions. IIowever, if a region has  many steeply sloped ridges running in a 
northeae,t/southsvest direction, it may offer the opportunity for some ideal earth-sheltered 
building sites. 

While the impact of topography is difficult to generalize, certain t~pographic featiares 
can enhance the viability of the earth-sheltered concept. Sites that  are  too steeply sloped 
fur most forms of traditional construction can frequently be easily adapted to earth- 
sheltered houses. On such sites, traditimal construction requires either massive grading, a 
basement, or tall piers to provide a horizontal plane on which to  build the structure. 
Earth-sheltered houses, on the other hand, are  built into the hillside or slopep and frequently 
this topographic feature reduces the grading requirement normally associated with this 
mode of construction (Fig. 16). 

South-facing slopes can be utilized effectively to make the earth-sheltered h o l m  a pas- 
sive solar structure. North-facing slopes may be beneficial in areas where the need to cool 
the structure is dominant. East- and west-facing slopes, in general, should be avoided since 
they offer little winter passive solar heating benefit and can be significant siirnrnertime 
liabilities9 

The cost of excavating, grading, and building foundations for traditional construction on 
slopes is an inherent cost in earth-sheltered houses. This fact makes the earth-sheltered 
approach somewhat more competitive where housing in hilly regions is desired. 

Because many earth-sheltered houses are below-grade in some portions of the structure, 
careful consideration has to be given to the direction and amount of site runoff. Ilociil flood- 
ing problenis can easily occur if site runoff is not an integral. part of the design 
considerat ion.'* 

Low spots, where flooding can occur periodically, are  also unacceptable to earth-shcltered 
buildings. Such spots might he considered suitable for aboveground structures if they can 
be raised a.bove the maximum expected flood level. 
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earth-sheltered eo nstru ct ion 

Fig. i6. 'I'ypid constructions on sloping terrain. 

Topogiaphy can be an asset or  a liability to earth-sheltpred houses. A careful under- 
standiiig of topographic impacts and a iwyonsive design are required if the mrth-shelter ed 
dwelling is to be a simess. 

S ~ b g ~ - a c - l ~  conditions 

Since earth sheltering implies building 4% ithin the earth, subgrade conditions can become 
a major consideration. These conditions include soil type, presence of rock, level of the 
water table, and location of underground water courses. While not precludiiig the construe- 
tion of an earth-sheltered dwelling, many of these conditiolis can have a significant impart 
on the cost of such construction. 

I'he increased cost of mitigating these usually unseen conclitioris frequently cannot be 
offset by any potential energ) savings. I t  is, therefore, important that  the prospective 
builder understand these factors before purchasing a site or deciding to build below-grade." 

Sandy soil could pose a problem to earth sheltering in that i t  may require special shoring 
during excavation. In addition. this soil can provide for easy movement of groundwater dur- 
ing seasons of the year when the flow of water adjacent to the striirture could significantly 
reduce the energp performance by taking beat away from the structure. However, as has 
been mentioned before, the magnitude of the heat loss is small when cornpared to the bene- 
fit of building below-grade 

Clay soil, which expands and contracts in response to we t  and dry seasons, requires spe- 
re cia1 design considerations to e m w e  that the structure is not damaaed diiring these 137c1es. 
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27 

~~~~~~~~~~~ trends 

The potential location, either urban, suburban, or rural, affects the ~ ~ p ~ i ~ ~ ~ ~ ~ ~ t y  of 
earth-sheltered residences. A vast majority of the earth-sheltered houses built to date have 
been single-family, detached structures. In most urban areas of the country, this type of 
dwelling is being supplanted by higher density, multifarniiy structures, which constituted 
42% of all housing built in 1980 and 19XIp In the “toy 21) markets: Minneapolis posted 33% 
multifamily, Chicago posted 59% multifamily, and Seattle posted 64%) multifamily. ,411 
three cities are indicated as appropriate climates for earth sheltering.” ‘The overall 1J.S. 
average, including rural areas, shows multifamily housing between 34 and 41% for the years 
1980-84.bq While earth sheltering has the potential of exploiting its earthen roof as usable 
open space in i t  dense urban development, very few examples of this type have been 
developed. If earth-sheltered houses are  to have an impact an urban area developntent, 
where most of the people live, then multifamily as well as moderate-density, single-family 
units will have to be developed and accepted. While the concept appears very promising, it 
has not yet adequately demonstrated its applicability to urban areas. 

Another trend in sonie urban areas is to build to densities (dwellings per unit area) 
above .what earth sheltering can support Earth-sheltered dwellings are limited to two or 
perhaps three stories in height because daylight and view are important tiahitability factors. 
This caliises earth sliel teriing to be mow horizontal than vertical in rarrture. High-rise apart- 
ments arid condominiums, on the other hand, are vertical iai nature and can easily add units 
in response to escalating land and construetion costs. This trend wouid have to be reversed 
if earth-sheltered housing were to be a viable alternative in these urban areas. 

Sublurban development, in contrast to urban development, has taken the fmrn primarily 
of  single-family detached housing. While most existing earth-sheltered omes are  single- 
family, in many parts of the country suburban lots are just a few feet bigger. on two sides 
than a traditional aboveground house. This situation, coupled with zoning ordinances 
requiring miniminm setbacks from the properly line, has caused some problems in siting 
earth-sheltered houses on suburban lotsjs The higher density developments in which the 
earth-she1 tered houses could share common party walls, Hike row houses, have genesalXy not 
been acceptable to suburban communities, 

This lack of compatibility with the current density requirements, in both arban and 
suburban locations, tends to make the approach less cornp&,itive cconomicaily. In some 
urban areas, the lower density potential of earth-sheltered houses, when compared with 
high-rise construction, increases the per unit land and site development costs. This means 
that the home buyer gets less house for the same money. In suburban locations where den- 
sities and lot sizes inhibit the development of optimal earth-sheltered dwellings, these dwel- 
lings are forced to low density locations. The larger lot sizes of h w  density area3 permit 
parch-sheltered houses to be built within the setback criteria. H O W P V ~ ~ ,  the added land and 
site development costs, again, mean that the homeowner will  et less house for the same 
money. 

The density of development in communities is continually evolving. As such, it is possi- 
ble that  some urban areas could impose a density limit compatible with earth sheltering in 



28 

order to prescrve a “sensp of open space.” Subur’uaa &reas, surcd hy illere2 
values, could allow the increaFed densities which permit op 1 c;:rtli-sht‘lte:LG consiruc- 
tion. The evolution takes time, aitd i t  rriay be mains )years M o t  c t2ri  h-aheltercd hoiiws 
‘‘fit” within the urban and suburbaii developtaeiit trends. 

been hoiit iil ruial 13: 

small town areas. These areas h a w  nsither high -densiij de nds  no1 space !iJnitatioiis. 
While earth sheltering does provide enei-gy-efficicnt rii t a1 hl,usiIlg, it :s VI?::? (see ‘ ivixrkets- 
bility of the Concept”) that  this segment of the housinr trnarket is ~ o t  w!izre sipnificaut 
improvements to the overall energy efficieiicy of the c o i i ~ ~ t r y  w i j l  h:~ ::d~. 

areas, the communities will need to evolve zither to b w c r  u; to Fi ;phcy  2:‘ .a,ti+~s. A!th,,iiqh 
it appears feasible to incrzase the dclilsities of snhusbao coi;iiii;in;ti<;s ~i tlr ti 
less likely that  the market forces, which have dictate:! the curleiit :rc.:;cts ’n urbail areas, 
will change to permit reduced densities. 

u15an arpas. 
Unique conditions such as steeply sloping shes or ‘ rginal lai~&,,‘* lik: those ntlui io  f r tc  
ways, will encourage some deveIopme:jt, howeve:,, tl situations :aplwar to b:. tl:e euccp5oi-i 
rather than the rule. 

Most earth-sheltered houses in the United States, 10 date, 

If earth-sheltered tzuildiiig;s are to play a major role il l  the fu iu i - ;  of citics ail(: sub 
. .  

This is not meant to imply that 110 earth-she1te:ed buildings will bo !:aiit 

C U P P e n t  pQpUlatiQln and S T O W t h  trCndS 

A major indicator iii determining the OWL .dl applicdbility of e:: : t h-sheltcretl housiny7 is 
the coinparison of climatically and physica!ly desirable locations :I-ith currcx:t 1 

and growth trends. Figure 20 combines the regional siiitability t x s d  on Cliiiidtp 
by Labs’ with the total housing starts in 1379. I h t a  from 1‘379 was I ecaiiw 1‘.?80 data 
reflected a severely depressed housing market 

This information indicates that  in a riumher of caseq major I ?  areas do liot 
correspond with cliimatic ai cas where ear ih-shelter et1 houses z t ~  t’ a pa rly lalid passiLe 
approach to energy conservation. The southezstern sanheit states d ~ i d  ~ a l i f o r ~ , i ~  constitiit eb 
39% of the total housing starts in 1979.i6 In Te3.a~. nicst of tiit- giowth is oeci 
regions where earth sheltering is riiarginal in hxcfits  
ring along the c 
earth sheltering 

sheltered housing is a viable passive approach. is a la1 
tion. However, as was indicated in the 1980 c e x w s  most of these 
tively stable in poptAlation, while a few arr. actually d 
of the new housing starts in these legions a;c for thc  p::irpose of I C  

a result, the number of new bousing starts is like!;. to re2:ain xcl l  IX!OV the :..iwt:~ areas 
of the country. The rapid escalation of construction costs, coupictl with hi 
is likely to significantly inhibit the developi1ic:;t of the rep1,xeme:ii iiiai ket 
homes are increasingly more !ikely to upgrade them ~ a t h c l  t h l  to move 

Ia C‘d i f ( J r t l h  iilmt 
t where the climate is mild aad howt.? g& nv siyrnificaiit h e w Z t  from 

The current population of the 1101 thcentral and northexste 
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with much higher monthly payments. Even the dramatic energy post savings of an earth- 
sheltered house will not offset the costs of relocating in many casw,. 

-What do these (,rends m a n  to the earth-sheltered concept? The population growth in  
the Southwest is a stimulus to possible ea rth-sheltered structures, especially those utilizing 
passive solar hwting.  H o a ~ ~ v e i ,  the lreriendous growth in the Deep South and Southeaqt i s  
less likely to stimulate carth sheltering in this region sinee the high humidity prevents 
earth shelteriiig alorie f i o m  mitigating the discomfort associated with high temperatures. 
Either dehumidification or enhanced air flow is important in overcoming discomfort. Other 
energy-efficicct. passhe approaches may be ~iiore cost-effective in overcoming discomfort, 
except where hill1 topography dictates that  a t  least a portion of the strnctim! be 
underground. 

The severe ~ i i - i t : ? ~  parts nf the Uniled States; the Pacific Northwest and the Rocky Moun- 
tain states, where earth sheltering performs well, arc, in gmeral, growing slowly. A !ong 
t i m e  will be reqrairerl before the existing housing stock is replaced and the Impact of any 
change as a result of earth sheltering is significantly felt 

The growth i n  the suburbs will piobably permit the more cost-effective, higher density, 
emtli-sheltered housing IPowever, thcse stroiigkolds of the single family, detached house 
may well resist the t r e d  toward a higher dmsity urhan environment. The lack of growth 
in rural arws will not stimulate a rapid increase in earth-sheltered houses even though 
most are currently huilt in rural m a s .  

The shift towards less-expensive forms of housing, reflected in the fact that  mobile 
homes coirslitutP about 10% of the market and iilultifainily homes another 401390, will inhihit 
earth sheltering in Ihe forms that exist today. The inherent higher cost of construction (see 
“Marketability of the Concept”) may eventually make earth sheltering a luxury beyond the 
means of most pm cspective home buyers. 

Evaluation to date 

I t  is clear that  the unique bendi ts  achieved from the use of earth sheltering, as ;e passive 
means to conserve energy in housing, arp primarily regional and not universal in nature.8 
Other passive techniques also share this regiunalism. In addition, the applicability of 
earth-sheltered housing i s  more dependent on such site-specific issues as topography and 
subsurface conditiolis thari are many othe;. appbaches to housing. Current cievclopment 
trends will need to change mat%ed!y for earth-sheltered housing to reach its potential. 
Finally, population and growth trends in the UniiPd States generaily do not coincide with 
the area of optimuni utilization of earth sheltering. 

IIowever, before one 
could clearly define the exact boundaries of that  area, a substantial amount of additional 
work wou!d he required - for example, further study of the relation of climate to cnergy 
perforniance, an in-depth analysis of the site-related factors (surfacc and below-surface con- 
ditions) as they affect the potenitial for earth-sheltered construction, and a tnuch more 
thorough analysis of the impart of fnturc building trends as they relate to where earth- 
sheltered buildings are likely to be huilt 

These factors suggest a sornedlat limited area of applicability. 



The total anlourat of energy saved through the utilization of earth-sheltered houses is 
dependent on both the number of dwellings actriaily built and the energy performance of 
individual structures. The number of earth-sheltered houses built will be determined by 
their a.cceptance in the marketplace. There are  several key factors in determining market 
acceptance. These iaclude einotional factors, factors affecting the ease of acquisition, and 
economic factors. Emotional factors include such diverse items as  aesthetics, “curb appeal,” 
status image, durabi8it,y, habitability, and the environment created by the dwelling. The 
f;ictors affecting the ease of acquisition include financing, compatibility with building codes, 
and finding qualified contractors arid designers. The economic factors influencing accep- 
tance of the concept are  initial costs, operating and maintenance costs, life cycle costs, and 
the prospective ~ o ~ e o ~ v n ~ r ’ ~  financial capabilities. 

Rieal estate agents and otbers versed in the buying and selling of houses have long real- 
ized the important role that  eniotional factors play in the decision to purchase a particular 
dwelling. Once a house fulfills the hasic physical needs three bedrooms, two baths, and 
within the gpneral price range which the buyer can afford), the decision to buy is, in most 
casw, predominantly an emotional one. 

The specific emotional factors fall into three main categories, which include how the 
potential buyer relates to himself, that  is, ego, how he relates to a dwelling, and how he 
relatm to the larger environment. The ego factors include the need for a status image. A 
house can physically represent where a person is or where a person aspires to be. A large, 
impressive house sitting atop a hill overlooking the region will be the only way to satisfy 
some people’s emotional needs. An earth-sheltered house dug into the same hillside would 
make ii. much different statement and could relate to other people’s needs. 

Another ego factor is the need to conform versus the need to he different. In most urban 
and suburban areas, the decision to live in an earth-sheltered house is clearly nonconfor- 
nrist In  rural areas where physiead separation and individualism is a. norm, earth shelter- 
ing may riot he considered so “different.” Judging from i;he millions of colonial, tudor, 
ranch, California Spanish, and French Provincial homes being built throughout the country, 
it  appears that  “‘fitting in’’ is important to many Americans. 

(;nrlrr appeal is another ego factor but primarily relates to how others ~ i e w  the house. 
This i s  piiarticularIy important when marketing the house since some decisions 10 buy or not 
to buy are made hefore ewering the door. Traditional houses develop their eurb appeal 
from factors which ip i  some cases are difficult to  obtain in an earth-sheltered dwelling. Foy 
examplle, il partirularly attractive formal entry into 8 traditional home ni igh~ have to be 
ct~iripared with a shaded, less visible, sunken entry into an earth shelter With only a few 
hundred earth-sheltered houses having been bought and sold to date, it Is ton er.rily to be 
able to generalize on the items that are important for best curb appeal. 



The buyer’s emotional relation to the b~;;;ell;ag is ei:~berdieJ ;A his desire for a habitahle 
surrounding Habitability incilides such factoi s 44 the ncc:! for light coalfort, warinih. and 
a sense of security. If the buyer en-cis;ons a hC?uSe darrk, aark. atilt: da~trp, the ~ o p ~ ~ L i r i z t 4  
erroneous description of e:rtli-sheltet ed ironsee, he is riot likely to ha\ c n p,u;;tive crnictional 
response to that dweEiag. The durability of a stractrlre c ~ r l  slso be all eii1otioii;ll need, rspe- 
cially for t!iose who want to leave their inarb in lifp oi t l i n ~  s h o  1 to sei roots and 
grow in a particiilar locatioil. Dunahilily can Le one of the factws that enhames the earth- 
sheltered concept in the mind of some huyeis. 

Hot% the buyer desires to relate his home to the la r gltVirOiiii1eili call also affect what 
type of house to buy. One extreme o f  &is relatiorlshi II be seen in a plistine -,-.hit- metal 
and glass geqmetrlc forii1, that  is, a house set on a plane of carefully mnllicured l ~ l h n .  At 
the other extreme could be the earth sheltei dug into a rolliily. rwado\*i where wild tlowers 
and tall grass dominate the view aid o d )  a mrroi-4 slit of glass and recessed e i i t q * a y  give 
any evidence that this is the location of a home. T ~ P  kirst extreme embodies a desire to 
doinitiate and Coiltrol the environnirnt, the second a desire t3 submit to  and hlenJ with the 
environment. 

W h i k  some %I ~ ~ l i t i o n a l  abcvc- 
grade houses h a w  bee0 effective in harmonizing with the eiivi1 oi1lrreni, ~ m s t  teiid to 
the domination and control of the e ~ ~ v i t ~ ~ ~ i f i ~ i i i .  h r t h  shc!tcl b, dn the othei hand, because 
of earthen-covered walls aad roof, tend to  blend more strongly ~ji t t ;  thc surrounding 
environtnenl. Based on the number of abovegfound 11ouses, lx. hich are designed to b l e d  
with their environinmt, and the alrnost ~irxivers~l  use of somc !sndscay material to soften 
atid t i p  most houses into the 1 irviroameat, it  would be fair to sag that ilmt Aine:icans 
desire their houses to harmonize with the environnipat. To the ex’tc;,k that  this fartor is sig- 
nificant in the mind of the h o m ~  buyer, i t  can e::!ianre the earth-sheltered mncept 

I h e  composite impact of all the emotional factors or1 the d e c i ~ i o ~ ~  d b  to w i l c t h r  or not to 
buy an earth-sheltered house has not b m i  srieil:ificallg studied Ecwxil  smali-scale studies 
of the buyer’s views of habibbility of an earth-sheltered hfillse have 1 
Because refs. 17 alid 18 appear to be based 011 the satrli. survey infvrniat 
extremely limited nuinber of responses (200) and has not b ~ e i i  Ijuplicated se, a t  other 
places and other times, thei should be regarded  on:^ as indicators of peopic’s responsm and 
not as containing definitive information which could be applied broadly 

In ref. 17, ail cxpcrimental earth-sheltered home was piese:,ted t u  H g ~ o u p  of people, 
9570 of whom had mver seefl an ezxti~-she!tered home before. i w o  hundred pecgle 
responded to t h e  qnestioiinairea used h i  the study. 
that  they wel:: “somewhat” 1-0 “very” likely to h i l d  an ruiderqraind iiurric In the next five 
years it11 such real-world issues as obtairiing financing 
and the various cost fartors. Thcxfore, it could be inferred that to a laxs. ex:cr)t, ihcy we12 
responding emoiiorially to the dwelling 

In  ref 18, various construction features and alterfldtives cf an earth-sheltered house 
x e r c  presented to a group of consumers. “The icspirideilts preferred ILavikIg o -9  elevation of 
the house exposed rathen iliati having i he enlit e structiiae h i l t  i i n & ~ r g n w n ~ l ~  There was 
strong support for the additiotl of skylights over rooms ill tlw havk of the house vhere 

Most houses built today fa!l between these exL emx.  

r 1  

Over 4cI% of thc iespodei  

These respondeiits ’were not faced 
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natural light was limited. Respondents were skeptical oP the use of treated wood instead of 
mnwrlry for the foundation.” These items of interest show a need for the structure to be 
visaL3Ip from the surface (probably an ego need as well as  a habitability need), a need for 
mort? natural light (a habitability need), and a preference for masonry rather than wood 
construction (a durability need). 

This study indicated that  68% of the respondents said they would have to realize savings 
of $;3(iOo or more in initial costs before they would consider purchasing an earth-sheltered 
houw, and 68% €eit that $300 or more a year in utility savings would be required for them 
to corrsider purchasing such a house. One might jnfer from this Eaet that, when the real 
tvorltl factors of economics enter the picture, ernotional factors related to earth sheltering 
are not positive enough to convince people to buy even at the same construction cost as 

above-gradth. Some financial inducement resulting from reduced utility costs is also 
requirect. 

In another study, which focused on the habitability aspects, i t  was found that energy 
savings that  were realized in earth-sheltered homes were achieved with little decrease, and 
often an increase, in  comfort and Most respondents were highly satisfied 
wi th  the safety of the structure and the layout of rooms, which in most eases were custom 
designed for the ocrupaats. However, they were less satisfied with daylighting and privacy 
aspects. 

These studies indicate that  people respond to earth-sheltered dwellings in an  emotional 
manner, not unlike how they respond to a traditional above-grade home. The studies do not, 
however, contain enough information to identify how people respond to them in comparison 
to an above-grade dwelling. ]It is this comparison that  will ultimately determine the market 
acceptance of the concept. With only an estimated 3 to 5888 earth-sheltered hornes in 
existence throughout the country, i t  is far  too early to infer that  they have been emotionally 
accepted on B broad-scale basis by potential home buyers. 

East. of acquisition 

The ability to accluire a particular type of house with a minimum of difficulty or hassle 
will positively impact its marketability. All homes have some “barriers” to be overcome 
before the) can he acquired, including €inding a competent builder, obtaining a building per- 
mit, arranging a mortgage, eti. Earth-sheltered homes, however, have experienced all the 
traditional barriers plus surne new ones. Some of these barriers are  permanent while others 
are transiernt and will change with time. 

Earriers that  earth-sheltered home buyers must overcome include the lack of experienced 
architects and eotitrnctors.l5 Yew architects are experienced with earth-sheltered housing 
design. Those that  are may not be available when thcir support is desired, 

i%3any residential contractors are not qualified to deal with some of the materials and 
coiistruction techniques used in underground construction. This lack of qualification can 
raise prices as the contractor irieludes “learning time” QII the first such projects. During 
construction, more ti me is spent studying and supervising various critical weas of detail 
siich as waterproofing. In addition, the total construction time has been longer due to 
sekicduling and coordinating various facets of the ~ o r k .  
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Finding a suitable site on which to construct an earth-sheltered dwelling can alw be a 
problem. Not only must the natural constraints such as topography and subsurface condi- 
tions he dealt, v, ith, hut also code and zoning limitations, as well as aesthetic integration 
with the surroundings These constraints have helped limit the numbcr of earth-shpltered 
houses built in ur ban areas 

Many people consider financing to be the bigg-esl obstacle to the constrwtion of earth- 
sheltered houses In a study done for thc Department of Energy i t i  1’W9,20 36% (19 persons) 
eventually obtained financing on their earth-sheltered housing, but only after experiencing 
difficulties at oae or more leiiding institutions; 27% (14 perswns) were unable to finance 
their project; ?5% (13 persons) had no difficulty ob tairiiiig construction loans and mortgages 
(of this gioup, 8 had ties to the lender); 8% (4 persons) financed their project with private 
capital; 4% (2 persons; had not received a decision a t  the time. While some improvement 
has occurred since this study was made, many of the problems assnc;atPd with finaricirig 
still exist. 

These problems primarily stern from the relative uniqueness of earth-sheltered homes 
an3 the psrcspcctive home biiyw’s inability to effectively cornmunicate the benefits of this 
type of innovative, energy-conserving home to potential lenders. As a result, the financial 
comrnuiiity’s perception of risk is increased.21 With relatively few earth-sheltered lnonies 
and even €ewer resales of these homes, i t  is virtually impossible to determine a n  earth- 
sheltered house’s market valiir h a s d  OD experience. Although various alternative niekhods 
have been suggested,” these m ~ t b ~ d s  have not been broadly tested“ 

A strong rnarket demand is the must effective means of overcoming the transient bar- 
riels Khich stand in the way of acquiring earth-sheltered houses. Sar l i  a demand would 
increase the desigo and constructiori expertise, focus attention on zoning laws which inhi- 
bited the coricept, and demonstrate a market for the ~ Q U X S ,  thus easing the problem of 
obhining lsans ‘l’hus far, the earth-sheltered home concept has received only “good press 
coverage” and moderate interest in certain parts of the country. With fewer than an 
estimated PO00 units per year, compared to a total of 1.5 to 2.0 million total nev iinits 
per year, a strong market denand has not beeii demonstrated. This fact has caused t,he bar- 
riers to earth siie!tering to be removed a t  a much S~OWNCF pace. 

Econnmie factors 

Once ernotioiial arid acquisition barriers have been overcome, then costs or ecosnornic far- 
tors beconie a key element of the decision-making proccss Those factors, in conjunction 
with the prospective home buyer’s financial capabilities, will detcririiue whether or not a 
particular concept will be utilized. 

Most home buyers view initial construction costs, as reflected in their monthly mortgage 
payment, as the dominant eesnoink factor. In recent years, operating costs, which at e made 
up primarily of utility hills. have become recognized as anothen economic. factor to consider. 
Maintenance C O S ~ S  are hard to predict beyond a relative level and are the‘efcre not one of 
the major df.cision-influcnciri~ factors l i fe  cycle costs, which factor all nf the above with 
interest rates, taxes, cost escalations, etc., are complex and hard to apply to  the home buy- 
ing situation. The satisfaction of the emotional needs embodied in the purchase of a honne 
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far outweighs the economic considerations reflecte in a lifrt cycle cost analysis. This is not 
meant to imply that this analysis has no role in the evaluation of buildingp, It can play a 
significant role in those buildings where cost or return on investment is the crucial economic 
Eac tor. Commercial and industrial structures are examples of such buildings. 

Initial. costs. There is not yet a sufficient body of data from which to draw definitive 
conclusions 011 the initial construction costs of earth-sheltered houses.% Based 0x1 the exist- 
ing examples, construction costs have most often been higher for earth-sheltered dwellings 
than rrboveground wood frame structures. Mow much higher has been difficult to assess, 
because few earth-sheltered houses have been directly conlpared in size* loeation, finishes, 
and amenities to an aboveground house. The numbers most frequently used hy those famil- 
iar with earth-sheltered housing costs are “about 10% n-fore.’’ Unfortunately, the extremely 
limited sample of earth-sheltered houses to draw nlurrmbers from and the lack of an objective 
comparison with comparable aboveground structures makes this number little mare than an 
unsubstantiated claim. 

To gain a clearer picture of the relative cost ~ ~ ~ € e ~ e n t ~ a l ,  the Oak Ridge National Labora- 
tory undertook a study to develop the various costs associated with two comparable 
residences, one ahove-grade and one earth-sheltered, in five different locations in the 
country.’ The goal of this study was to address regions distinctly different, not only in 
climatic characteristics but in eonstruction practices as well. Based on maps and graphs 
available through the National Weather Bureau and the U.S. Census Bureau, all areas in the 
United States were plotted for the following characteristics: 

* heating degree days, 

* cooling degree days, 

precipitation, 

humidity, 

* sunshine availability, 

* termite and infestation probability, and 

* material decay probability. 

Five metropolitan areas were selected. This selection was based primarily on the maps 
mentioned above; however, population size was also considered. The cities are Boston, Hous- 
ton, Knoxville, Minneapolis, and Salt Lake City. 

Once the five cities were selected, the foilowing points were addressed: 

1. What does the market look like in the specific regions? 

2. What house sells best in the region and could be classified as typical? [This description 
W O U P ~  include information on exterior style, building material, floor plan style (split 
level vs ranch, for example), car parking facilities (carport, garage, or none), type of 
fcu.mdatiun, etc.] 
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This information was obtained primarily from: 

e U.S. Department of Commerce, Eureau of Census, “Characteristics of New IIousing”; a d  

“HouSing Special Report,” courtesy of the National Assccistion of IIome Hi:ildPrs, wliic!~ 
addresses the issue of what home huyers seek in six major markets. 

Pertinent data from the local chanibers of commercc, ineliding real estate rndraxines, were 
also used. Census Rureau statistics indicated that 52 6% of the house-, built are ranch style 
and that 1480 f t2  of main living space is probably “equally” popular in a l l  the regions 
fplected in the study 
includes basements and garages as the base. The following information descr ihes the houst. 
design we adopted for the five re,’ “ions: 

‘Boston. 
garage; 

In this study, we refer to the 1480 ft2 of main living spa 

base on the main floor, basement level with unfinished space and a twc!-cai 

Houston: base slab on grade, two-Car garage attached: 

Minneapolis: same 3s Boston, and 

Knoxville: base on main level, lower level crawl space 2nd two-car garage; 

Salt Lake City: base 011 main level, over crawl space with a two-car rarpnrt attached. 

The design of the earth-sheltered and above-gradp structures had identical i o v ~ n  sizes, 
storage areas, a id  unfinished space for each of the regions. Naturally, the floor plans differ 
in that  the earth-sheltered home has windows facing south only a i d  in that  the unt in ishd  
space is not necessarily a basement area, But, for the home buyer, the exterior of the ~ ~ U S P .  

the general arrangement, and the finishing materials are iderntiral for each region in h t k  
the above- and below-grade structures. The differernces x e  only the o~ ies  iilhit?v?t in the 
energy and earth-sheltered aspects of the houses. 

Both houses were designed for a high degree of eaeagy conservation, but neithc: could be 
classed “high ~erformance/exFerimental” in Lonservation features. ‘The aboveground house 
is comparable to the better energy-conserving houses built in 1980 and RS S I J C ~ ,  costs some- 
v h a t  more initially than conventional houses with lower pcrfol marrrce 

Ten sets of working drawings were prepared. In addition. a limited specifiratk~n docu- 
ment for each of these sets was prepared to outline the elements that ale differeiit in the 
ten designs. As stated before, all aspects except the ones inhP:eiit iir the e,artlr-sheltering 
and energy factors were identical for each set of two hoi~scs in the fivc locations 

These sets of blueprints, along with specifications, were forwarded )YO a consulting r t ~  chi- 
tectural engineering firm which provided a detailed cost analysis. The firm worked closnly 
with builders in the localities and reflects not only the different structural desipp bb,t also 
materials and labor costs particular to each of thcs, 0 weaq 

The initial construction costs developed by that  study are shown in Table I. ‘The initial 
construction costs are greater than the “about 10% figurp usually used for earth- 
sheltered houses. The numbers in Table 4 represent ihe estimate from olriy one source ar,d 
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f ~ ~ c c ,  be& 4milengr;rrl as 60 their broad-scale applicability. However, because they 
wit 3 - r  dW?hqIf>J~ t b  tw.!gh t tw  cse of hhor  and rnalerial takenffs and because these two factors 

wcr3pted unit, cost figures, the differential between the two concepts is likely 
wi th  a brwider Xmse of estiniating. In  addition, costs in excess of the "about 
ve  bcea; cmfirnied in  other preliminary investigations (Ralph Johnson, 
anal Assoeiatron of Home Builder's Research Ff mndstion, Washington, D.C., 

kz, thc opanian of Ihc author that the difference between the "ahout 10% anore" and the 
3 1  f 3  43X, mI:catcd i n  'J'akle 4, is a result of the direct comparability this study achieved 
"r~ctwcera m ~ ~ h - ~ ~ ~ ~ l t e r t x ~  arid above-grade dwellings. Figures 8-11 illustrate the eompara- 

of r;-*ic:r:alI appearance and finishes of both structures in Minneapolis, Minnesota. 
Siaikilar d ~ > ~ i g ~ s  were dcvt.,l~ped for khe four other cities studied. 

ml mi til l i l  ll n ic a li rt 11). 

Esrth-sheltered structure Above-grade structure Additionsl 
___ cost for ---- - . 

L,cic.<?t ion Structure" Total* Total" earth sheltering 
( ':F 

5111,394 $135.8R'L $75,556 $100,044 47 
84,849 '99,087 59,109 73,347 43.5 
76,026 89,514 67,8225 71,313 31.5 

I05,GFiG 1.3%,1'44 70,611 97,099 49.6 
80,042 103,030 f;L,115 84,103 31 

~ ___.. .. .. ...__....-._.._II 

* I  ,.,kucture q cost imludes the building and its internal support equipment (heating, cooling, 
i:iectricai system, etc.). 
cost Snciudes the basic structure pltis site improvements, utilities, and land costs. 

Wlirthcv or ~9ot the itaitisl cost figures have had an impact on the number of earth- 
t e r d  E.aoiiscs being built today is doubtful. Most earth-sheltered houses today are built 
irect response to  a prospective hume buyer's desire for an earth-sheltered house. Rela- 

IEvely few art? :rid1 on the speculative market. Because of this desire on the part of the 
iriiyer for an iwth-sheltered home. he may be willing to rnaodify his criteria in terms of size 
m c 3  : tmi~ni"L~a to Iterinit the price to fall within his range. 

red houses are to penetrate the mass market, they would have to be built 
a s k  and therefore, compete an a cornparable basis with aboveground con- 

si rimion. While s o i ~  reduction in costs could be expected from increased builder familiar- 
wept arid efficiencies gained from improved designs and materials, it is 

t k ~ x  reductions would close the gap between above-grade and earth-sheltered 
e h e ~ ~ i t ~  structure and more sophisticated waterproofing of an earth- 
i??. in 3.11 Iikelilaood, eont ime to keep its cost higher than above-grade 

Operatinag costsi, The operating costs include heating and cooling energy costs, 
aud  otiiitr srnallcr items. As  indicated in a previous section on energy perfor- 
th .sheltered tniiililings use less energy in space conditioning than traditional 
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above-grade houses. The relative energy savings in dollars, fronn the BRNTA study,' is shown 
in Table 5. 

Savings from reduced cost4 in insurance fa;r earth-sheltered dwellings has occurred in 
somc circumstances, but has not been llrliversal in its applicability. Recause the bulk of 
insurance premiums covers the costs of small losscs, theft, arid administrative costs, i t  is 
unlikely that reduction in catastrophic loss potential (fire, wind, etc,) due to earth sheltering 
wili significantly impact insurance rates in the long term 

Table 5,  Annual fuel costs for  heating and cooling of an earth-sheltered and 
above-grade dweiling using an electria: heat pinrap with a coefficient of 

performance of 2.0 and the prevailing local electric sates in 1988) 

Earth-sheltered Above-grade 
structure structure 

~ __ __ .._.___... ... 

Locat,ion 
-........._.......I___ .... _____ ____ ....... 
Boston, Mass. 
Houston, Tex. 
Knoxville, Tenn. 
Minneapolis. Miiln. 
Salt L a k ~  City, Utah 

$292.00 
73.64 

116.69 
282 00 
226.73 

$522.00 
91.09 

199.05 
511.00 
426.42 

Maintenance costs. I t  has been said that earth-sheltered houses will have much lower 
maintenance costs than aboveground dwellings. This statement is true if you compare a 
well-built, properly waterproofed, reinforced-concrete earth-sheltered house with an above- 
grade house with wood siding, asphalt shingles, and galvanized gutters and downspouts. 
However, readily available, but expensive, materials can also give the aboveground house 
comparable low maintenmce costs. These inelude brick, slate roofitigp and copper or alumi- 
num gutters and downspoutq. 

In the case of the aboveground hovse, the buyer can choose between higher initial or 
higher maintenance coats. Earth-sheltered houses, in general, do not  permit this choice. 
More durable walls are required for structural reasons. Waterproofing is far more crucial 
and, therefore, given more care and better materials. The buyer really has no choice. To 
coinpromise could result in structural failure or a leaky roof that  i s  extremely difficult and 
expensive to repair. 

Interior maintenance costs are highly subject to life style arid the personal desires of the 
occupants. As such. no important difference is believed to exist between above- and below- 
grade construction. 

Life cycle cost. A number of life cycle coht analyses have been done to compare easth- 
sheltered and above-grade Most were done on different sets of assumptions. 

As an example of how the assumptions can change the resdts ,  an earth- 
sheltered house, assumed to cost $lS,OOO more than a copiventional house, 
was analyzed for several different conditions. Assuming a 9% interest rate, 
80% energy savings, and an energy cost escalation of 12% per year, the pay- 
back period (considering mortgage and energy cost only) was 11.2 years. 
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Increasing the energy cost escalation rate to 24% per year changed the pay- 
back period lo 7.2 years. Including an insurance savings of 30% per year 
improved this tis 5.3 years, and even increasing the interest rate to 11.5% did 
nut prevent the payback period from corning in the first year of ownership 
when the proposed Federal Solar Bank Bill incentives for earth-sheltered 
housing were i n ~ l u d e d ~ ~ ~  

The ~,Iaove example shows clearly how changing assumptions can change the results. Few 
of the assumptions, howwer, reflect the actual market conditions in 1986. Typical housing 
costs were significantly niore than the $lO,W suggested, interest rates ranged Prom 14 to 
P(i'%;, energy saviogs were typically 60% or less, and insurance costs were not universally 
30% less. Thc Federal Solar Bank Bill was nat being implemented. 

Because of the deviation from current market conditions, the paybacks of from one to 
eleven gears are not valid for 1981. In another analysis, the life cycle costs were compared 
using another set of assumptions and included maintenance and replacement costs 
(TabIc 

Table 6. A comparison of life cycle costs for typical conventional 
and rutdeagraund structures 

Conditions Conventional Underground 
structure structure 

Price 
Down payrnenl 
Mo regage 
Interest, % 
Owner's tax bracket, 'j6 
Money inflation rate, % 
Eneigy cost inflation rate, 'E 
Housing itiflation rate, 5% 
Total rriairilerianee cost for 30 years 

$86,500 
$17,500 
$69,000 

9 
35 

F 
82 
7.5 

$11,805 

Rased on t h i ~  analysisPE the underground house costs leas to own than the a ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~  
house after 16 years on a straight dollar cost basis, and after 20 years on a discounted basis. 
Changing lhe assumptions used in this study to more clcm!ly reflect 1981 nasrket, eoiiditianls 
would significantly extend the payback period. 

ihnother Iifr cycle cost analysis,l including maintenance costs, was based on the actual 
market conditions existing in 1980. The results for each Q€ the five cities studied (Table 7) 
indicare that h e  total present-value life cycle casts for the earth-sheltere dmiliws were 
ccmsiatently higher than for nboveground dwellings. This means the payback is beyonid the 
30-year sssuwed life of the structure. 

~~~~t~~~~ 
emnornit- factors were used for each of the two designs for the same city; however, these for- 
tors mverc! city-specific. 

Life cycle cost analyses were run independently for each of the derlgtm 
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Table 7. Total yresent-val!.e We cycle costs %aseel ou actual estirn~trd 
construction cost and 1981 market condition in five sitits 

~ _ _ _  _ _ _ _ - _ _  
Earth-sheltet ed Above-grade 

structure Location structure 

Boston, Mass $105,381 
Houston, Tex. 76,257 
Knoxville, Tenn. 72,117 
Minneapolis, Minn. 101,677 
Salt Lake City, Utah 79,669 

$85,425 
61.113 
62 367 
82.409 
72,527 

For each one of the cities, the following informatinii was obtained: 

state income tax, 

property tax rate (state, city, and county), 

sales tax, 

median household income per capita, 

cost of living index, 

type of mortgage and rates available, 

eilergy costs (fuel), 

expected fuel escalation rate, and 

maintenance cost for the two different designs for both heating, ventilating, and air con- 
ditioning and the structure itself, which included exterior and iiiterior painting cost and 
frequency, roofing, carpeting and other flooring, plumbing repairs, electric repairs, appli- 
ance service and/or replacement, appliances, hardwa.~e, pest control, a id  miscellaneous 
items. 

The study also tested the sensitivity of the basic construction costs to determine whcther 
or not initial costs of 10% more could be economically jixtified by savings in energy and 
maintenance costs. The results (Table 8) indicate that  added base construction costs of as 
niuch as 10% cnm? might be justified in Minneapolis and Salt Lake I:ity, but that  costs 
below 10% more ~ o i ~ l d  have to be obtained for Boston, IIousion, and Knoxville. 

Table 8. Total present-valwe life cycle costs for RBI R B F D ~ - . T . C ~  bsse 
construction cost for earth-shrltered dwellings of 10% more that? 

above-grsde and 1980 market conditions in five cities 

Earth-sheltered Above-grade 
structure structure Location 

Boston, Illass. $85,832 foFj5,4.25 
:louston, Tex. 62,987 61,113 
Knoxville, Tenn. 63,590 62:367 
Minneapolis, Minil .  82,419 82,403 
Salt Lake City, Utah 71,035 72,.527 

~ .......... ___ . . . ........ ~ 
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Another study compared construction and operating costs of earth-sheltered and above- 
grade homes in Seattle, Washington; Dallas, Texas; and Madison, Wisconsin.% The results 
of this study showed that  the ten-year cost of ownership for an aboveground house was less 
than for a below-grade house in all cities studied. 

A newsletter published by a builder of earth-sheltered houses included the following: 

In an earth-sheltered building, there is a point which is rather difficult to 
compute, a t  which the building will pay for itself in utility savings, mainte- 
nance, insurance, etc. Based on an 8% inflation, a 10% escalation in energy 
prices, and countless other factors, this payback seems to be somewhere 
between 20 and 25 years. This will not be easily perceived by those whose 
vision extends only between their wallet and property line, but for the dis- 
cerning homeowner, these buildings represent one of the best investments 
that  you can makeF5 

A five- to ten-year payback period is probably the maximum length tha t  is likely to have 
any effect on the choice of housing type. The average length of residence in any given home 
in the United States is about five years. Therefore, for a buyer to consider potential long- 
term savings of benefit to him, it should occur during his period of occupancy. A five- to 
ten-year period, while not meeting the average, does cover a large portion of the population. 
I t  is also likely that the “durability” factor, which appeals to many prospective earth- 
sheltered home buyers, would indicate a longer-than-average residency. 

As can be seen from the various results listed above, a wide disparity exists between the 
various life cycle cost analyses with payback ranging from 1 to 30 years or more. Since 
there has been little agreement on what constitutes valid assumptions to date, this disparity 
is likely to continue. However, i t  is fairly evident that  earth-sheltered houses are not 
econornically attractive (payback in the five- to ten-year range) when the life cycle cost is 
based on current (1981) market conditions. 

Earth-sheltered residences cost more than comparable 
above-grade dwellings. This cost is somewhat offset by reduced operating costs and poten- 
tially lower maintenance costs. However, the higher initial costs, which have been escalat- 
ing a t  a rate faster than inflation, coupled with the high mortgage rates prevalent in 
1980/1981, have pushed the monthly costs of such houses well beyond the means of most 
Americans. Although traditional housing also shows the plight of escalating costs and high 
mortgage rates, the premium cost of houses that  are  earth-sheltered suffers more because of 
the compounding effect of high interest rates on high construction costs. Unless marked 
changes occur in these economic factors, it is likely tha t  the energy conservation potential of 
earth sheltering will never be fully realized because it is simply too expensive to obtain. 

Impact of economic factors. 





CONCLUSIONS 

One goal of the Innovative Structures Program in assessing earth-sheltered housing was 
to attempt to identify the overall energy impact resulting from the fullest possible utiliza- 
tiun of this concept. After reviewing the information available on which to make an evalua- 
tion, it is apparent thal  there are many gaps and weak points. To achieve a defensible 
quantitative estimate would require a tremendous amount of additional data. However, eer- 
tain qualitative trends have appeared in the information collected to date. I t  is these trends 
that will form the conclusions of this report. 

Bas#ed on both monitored and calculated performance, it is clear that  earth-sheltered 
houses are capable of very good energy performance. TIFs ranging from about 1 to 4 
Btu/ft2 per heating degree day are typical of the earth-sheltered structures monitored. 
Although few structures have been monitored, the calculated performance of earth-sheltered 
houses also falls in this range. Additional monitoring and improvements in analytic teeh- 
niques would be expected to improve confidence in the performance, and a significant 
change in the numbers would not be expected. 

When compared with “traditional” above-grade construction built before 1975 with TIFs 
in the 10 to 12 Btu/ft2 per heating degree day range, earth-sheltered houses have an impres- 
sive - 75% reduction in energy for space conditioning. However, when compared to current 
housing standards with TIFs about 6.0, the percent reduetion for earth sheltering is less 
inipressive. When compared with other premium-price, high-performance, energy- 
conserving houses, there is no detectable difference in performance. Earth sheltering is but 
one of the range of options that  should be considered from an energy-conservation 
viewpoint. 

Earth-sheltered houses, as a passive means to conserve energy, were analyzed to deter- 
mine the impact of various climates on the performance of the concept. As would be 
expected of any passive and, therefore, climate-sensitive approach, earth sheltering per- 
formed. significantly better in some climatic regions than in others. In general, those areas 
with significant temperature extremes (either summer or winter or both) and low humidity 
were best suited for earth sheltering. While all areas potentially gained some benefit from 
the concept, in certain areas other passive strategies appear to be more appropriate. 

Those regions in which earth sheltering is a particularly valid passive approach do not 
coincide with the major growth regions of the country. The sunbelt states, and in partieu- 
lar Florida, Texas, and California, dominate the housing market. The energy benefits for 
earth sheltering in these areas would not offset the extra construction costs. 

Other demographic trends also run contrary to the concept of earth sheltering as it has 
developed to date. The high-density urban development, evident in the rapid increase in 
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high-rise dwellings, is above the density which earth sheltering can appropriately develop. 
Moderate- to low-density suburbs also do not quite f i t  the density expected from earth- 
sheltered dwellings. The least housing activity is in the rural areas, where most earth- 
sheltered houses have been built to  date. 

Significant changes in demographic trends will have to occur before earth sheltering will 
penetrate the market in a significant way. 

All evidence indicates that  earth-sheltered houses will cost more to build than 
aboveground structures, except where topographic features create abiiormal costs for tradi- 
tional construction. How much more is subject to what point of comparison is used. I t  is 
likely that  the added cost, inherent in earth sheltering, will be in the 10 to 35% range. The 
lower operating costs, resulting from reduced energy consumption and potential lower 
maintenance costs, tend to offset the added construction costs. However, given the market 
conditions existing in 1980/1981, i t  is extremely unlikely that  these cost reductions will 
offset the high initial costs within a period of time that  would influence buyers to consider 
the concept. Life cycle cost studies, based on current market conditions, indicate the “pay- 
back” to be 30 years and longer, depending on the particular set of assumptions. 

Based on the foregoing conclusions, earth-sheltered housing will probably continue to 
grow in some regions of the country, but broad-scale national or regional utilization is not 
likely to occur without major changes in the current trends of housing. Such major changes, 
when they occur, usually evolve slowly and can take as long as  20 to 30 years. 

Those areas most likely to see continued growth in earth sheltering are  rural areas that  
have severe extremes of weather (which can damage aboveground structures) and uncertain 
fuel supplies. Those climatic areas where integrating earth sheltering with passive solar 
heating can eliminate space-conditioning equipment altogether may also see an increase. 
Growth in urban areas will likely be restricted to responding to non-energy-related situa- 
tions such as the use of “marginal” lands next to incompatible neighbors, for example, air- 
ports, freeways, and heavy industry. 

The limited potential applications of earth sheltering, envisioned above, is not likely, in 
itself, to have a major impact on the energy consumption of our houses. This reduction in 
energy consumption, however, when added with all the others, will give the United States 
what i t  needs - fuel-efficient homes. 
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ADDITIONAL SOURCES OF INFORMATION 

In addition to the references cited in this report, there are a number of publications 
available on a broad range of topies related to earth-sheltered housing. The list is too large 
to include here, and additional excellent material is in various stages of preparation. There- 
fore, the reader is urged to contact the following sources or to obtain the periodicals listed 
for an up-to-date listing of available material. 

Organizations: 

American Underground Space Association 
‘ST0 TLH Associates 
Suite 900, Minnesota Bldg. 
St. Paul, Minnesota 55101 

Center for Natural Energy Design 
Architectural Extension 
Oklahoma State University 
Stillwater, Oklahoma 74078 

Underground Space Center 
University of Minnesota 
Minneapolis, Minnesota 55455 

Periodicals: 

Earth Shelter Liuang 

Published bimonthly by 
WEBCO Publishing, Ine. 
1701 E. Cope 
St. Paul, Minnesota 55109 

Uyidergrcuund Space 

the official journal of the 
American Underground Space Association 
Published bi-monthly by 

Pergamon Press, Inc. 
Fairview Park 
Elmsford, New York 10523 
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