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Stable internal air temperatures are a defining characteristic of high thermal mass buildings, a 
tenet consistent with those buildings designed by SEArch .  
 

This paper introduces a substantive body of independent evidence-based research providing the 
empirical data in support of the premise that ‘high thermal mass buildings should be the building 
form of choice in reducing heating load requirements and concomitant green-house gas 
emissions’.  
 

Understanding this idiosyncratic building performance characteristic is particularly pertinent if 
the construction industries agenda is to align with the global commitments to reduce CO2 
emissions from building construction programmes (IPCC. 2014) 
 

The phenomenon responsible for stabilising internal air temperatures in high thermal mass 
buildings is referred to by this author as a residual heat reservoir.  This is where a body of heat 
energy that is retained within the thermal mass of the superstructure sufficient to sustain elevated 
internal air temperatures without significant supplementary heating.  The higher the ratio of active 
thermal mass to building floor area, the greater the buildings heat capacity, the larger the store of 
heat energy potential. Heat energy ebbs and flows in and out of a building fabric at rates 
predetermined by levels of insulation, orientation, occupational patterns and its nature of activity. 
 

One of the case study buildings is 9 Hoddins Way (9HW) a ‘zero heated building’ (DETR. 1998) 
completed in November 2009, located at Canebuzo (Carbon Neutral Business Zone) Long Sutton, 
Lincolnshire. The building has maintained for four years in occupation an average internal air 
temperature of 22.2 degrees centigrade with an annual internal air temperature variance of eight 
degrees centigrade(+/- 4oC)  
 

The paper includes mapping diagrams of internal air temperature and fabric core temperature 
ebbing in unison almost harmoniously as the building super-structure conducts, stores and 
releases heat energy.  
 

Viewing high thermal mass buildings as reservoirs of heat energy with an active thermal core, 
assists in understanding how to usefully employ heavy weight materials such as concrete for a 
more environmentally form of development.  
 

Key phrases; residual heat reservoir, core temperature, zero heating, thermal mass, passive solar 
design strategy, 

 
Introduction 
 

Environmental accountability in every aspect of our lives is now to some degree, the subject of 
measurement.  The UK construction industry is no exception. Construction professionals audit a 
building’s energy efficiency and environmental impact using crude methodologies such as SAP 
Standard Assessment Procedure) CfSH’s(Code for Sustainable Homes) SBEM (Simulated 
Building Energy  Model) and BREEAM (Building Research Establishment Environmental 
Assessment Methodology).  Alas, the positive environmental benefits of high thermal mass are at 
best under represented or ignored entirely in these calculations. The energy efficiency attributes of 
high thermal mass buildings in the UK, in particular their ability to significantly reduce heating 
and cooling loads is not widely understood nor is there much published. 
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This paper introduces the characteristic of high thermal mass buildings that is instrumental in 
sustaining steady state internal air temperatures with minimal supplementary. The papers author 
refers to this feature as a residual heat reservoir. This paper is informed from a decades worth of 
firsthand experience living, working and collecting empirical data from exceptional performing 
high thermal buildings.  
 

 
 
 
 

The Case Study Building: 9 Hoddins Way (9HW) [See Fig. 1] 

The case study building is SEArch’s second generation earth-sheltered offices completed in 
November 2009, located at Canebuzo (Carbon Neutral Business Zone) Long Sutton, Lincolnshire 
(Harrall 2012).  
 

DesignSstrategy 
A low tech, low invasive, intelligent design approach has enabled 9HW to maintain stable internal 
air temperature of 230C (+/- 40C) all year round. This performance is achieved by implementing a 
passive solar design strategy allied with a combination of a high thermal mass superstructure (total 
thermal mass 152MJ/K, 1.16MJ/k/m2) that’s externally super-insulated(average building U-Value 
0.2W/m2K) Optimized solar heat gains (no solar shading needed) additional heat gains from 
human occupation and office equipment provide the primary heat source. Harnessing this free heat 
occurs naturally through the process of thermodynamics and is retained within the building fabric.  
Back-up heating is provided by a low grade electric under-floor heating system of 80W/m2 for 
extreme weather conditions.  
 

Building Statistics  
In 2009 the predicted performance calculations for these offices using SBEM produced the UK’s 
first A+ EPC and an actual Air Pressure Test 0.94m3@50Pascals, reported by Elmhurst Energy 
Systems as the lowest they had recorded since the test began in 6th April 2006. Adding to the 
buildings environmental credentials were its exceptionally low as built elemental U Values of 0.07 
wall, 0.12 floor, 0.10 roof, 0.18 glazing producing an average building U Value of 0.2W/m2K.  
 

Performance in Practice[See Fig.2] 

Selected data from the second twelve months of occupation from May 2011 through to April 2012 
have been used for the purposes of this study.  
 

Stable internal air temperatures are the defining characteristic of the temperature trends recorded  
recording an average internal air temperature of 23oC [See Fig. 4].  That average temperature only 
varied by + or - four degrees diurnally and inter-seasonally despite an external temperature 
variance of 57oC.  
 

Fig 1. 2009. Harrall Dr. J. 9 Hoddins Way, 
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Temperature Gradients 
Informing a better understanding of  the way in which the heat energy is stored and distributed 
about the building, it’s been useful to map the temperature gradient across the building fabric from 
north to south [See Fig. 3]. Twenty seven thermistors embedded within the building fabric at 1.1m 
height above floor level provided data every fifteen minutes. The buildings temperature gradient 
has been mapped against the internal and external air temperatures [See Fig. 4].  Four selected days 
21st February, 21st June, 21st August and 21st December at 10am are usefully recorded on the 
temperature gradient graph. The annual core temperature variance recorded across the fabric 
during the twelve month period is less than 4.50C 
 

 
 
 
 

On closer inspection, the inter-seasonal variations in the buildings fabric core temperature reveals 
a modest rise and fall that responds to the extremes of the external air temperature variations but 
does not mirror them. The fabric temperature gradient rises only two degrees centigrade from mid-
winter (February) to mid-summer (June) from of an average core temperature of 21.1oC to 23oC. 
 

Fig 2. 2012.  Harrall Dr. J. Thermal Performance 2011 – 2012, 9 Hoddins Way 

Fig 3. 2012.  Harrall Dr. J. Temperature Gradients, 9 Hoddins Way 
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During this same period, the temperature gradient at its extremities records external air 
temperatures at 8oC and 16oC respectively.  Across the internal temperature gradient extremities, 
south to north (front to rear) in February the buildings core temperature recorded no variation 
within the buildings habitable area. Four months later in June, no significant change in internal 
temperature is recorded, only half a degree drop in fabric temperature from south to north. This 
temperature variation from south to north is attributed to the solar gain receipts.  
 

In the following two months, June to August the temperature gradient continues to rise reaching its 
peak average temperature of 24.8oC. These heat gains are attributed in the main to summer solar 
heat gains being stored within the buildings fabric at a time when rates of thermal transmittance 
through the fabric are at their lowest.  
 

Following the recorded summer peak core temperature in August there is a four degree drop over 
the following four months from August through to December. Decembers lowest core temperature 
was recorded at 21.1oC returning to the same core temperature recorded in February.  
Winter core temperature in December, January and February remain consistently at 21.1oC with no 
discernible internal variation from south to north. 
 

Mapping Inter-seasonal fabric temperatures as Temperature Gradients at 9 Hoddins way reveals 
consistent and ubiquitous thermal conditions with minor variations. The 
 

Core Temperatures [See Figs.4, 5, 6,7] 
A closer inspection of the core temperature data at the midpoint of the building on these four 
selected days, across a twenty four hour period reveals the extent to which the fabric is resilient in 
retaining its heat energy. 
 

 
 
 
On February 21st the average core temperature of 21.1oC varies 1.33oC over the twenty four 
period.  The rise in temperature occurring between 9am and peaking at 7pm, then returning to its 
lowest temperature at 7am.  The internal air temperature over the same period averages at 21.9oC 
with a variation of 1.16oC rising from its lowest at 8am and peaking at 6pm.  There is a time lag of 
one hour in temperature shifts, the internal air temperature being consistently higher than the fabric 
core temperature. The electric underfloor under-floor heating system was not energized on this 
day.  The marginal average internal temperature variation of 1.16oC is in contrast to the external 
air temperature variation recorded on the north side of 9.9oC from 3oC at its lowest at 8am through 
to its highest temperature of 13oC at 2pm. 
 

Fig 4. 2012.  Harrall Dr. J. December Core Temperature, 9 Hoddins Way 
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By mid-summer (June 21st ) the average core temperature increased to 23oC and was mirrored by a 
concomitant increase in the internal air temperature to 23.6oC. The core temperature varied by 
1.60C, while the air temperature varied by 1.73oC. A marked difference to mid-winter is the air 
temperature in June varies more than the fabric temperature which is the reverse of winter. The 
higher air temperature variation is attributed to the larger summer solar gains quicker temperature 
responses in air than fabric. 
 

 
 
 
 

The marginal average internal air temperature and core temperature variations in mid-summer are 
similar to mid-winter despite the significant increase in external air temperature variations of 
14.08oC. The lowest external air temperature of 9oC recorded at 2am up-to a high of 22oC recorded 
at 12noon.  The daily variations of August and December reflect those of June and February. 
 

Fig 4. 2012.  Harrall Dr. J. February Core Temperature, 9 Hoddins Way 
 

Fig 4. 2012.  Harrall Dr. J. December Core Temperature, 9 Hoddins Way 
 



       Dr J Harrall RIBA                                                                                                                May 2014 

 
 
 
Throughout the year the average building fabric temperature and internal air temperature are 
closely coupled with minimal variations despite large variations in external air temperatures. The 
four selected days for these comparisons had no heat energy contribution from the back heating 
system. 
 

Residual heat reservoir 
The evidence is clear, a body of heat energy is retained within the thermal mass of the building 
fabric sufficient to sustain elevated internal air temperatures which average at 230C without 
significant supplementary heating.  This characteristic is referred to as a residual heat reservoir. 
Summary 
This paper introduces the empirical data in support of the premise that high thermal mass buildings 
can significantly reduce heating loads together with concomitant green-house gas emissions. This 
paper also demonstrates that stable internal air temperatures are maintained with minor variations 
in spite of wide external air temperature variations. This building performance is achieved utilizing 
passive solar design techniques allied with a high thermal mass superstructure and a super-
insulated fabric. These combined building design solutions create the characteristics that enable 
the primary heat source to be derived from solar gains, human occupation and supplementary heat 
gains from ancillary equipment. In turn that heat is retained in the buildings high thermal mass 
fabric all year round, providing a residual heat reservoir.   
 

Viewing such buildings as reservoirs of heat energy with an active thermal core assists in 
understanding how to usefully employ heavy building materials for a better built environment.    
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