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Introduction  
Across Canada and the United States there are an exceedingly large number of tired, older solid 

masonry buildings with sub-standard thermal envelopes and/or major moisture problems.  If the bones 

justify the effort of a major interior renovation, and if the exterior façade and architectural features do 

not complement the current use, perhaps one should consider an exterior renovation as well.  The result 

may well be surpriǎƛƴƎΗ  ¢ƘŜ ǘƻǘŀƭ ǿƛƴǘŜǊǘƛƳŜ ǎǇŀŎŜ ƘŜŀǘƛƴƎ ōƛƭƭ ŦƻǊ ǘƘƛǎ ΨŘŜŜǇ ŜƴŜǊƎȅ ǊŜǘǊƻŦƛǘΩ ƛǎ ŜȄǇŜŎǘŜŘ 

to be in the range of $ 200 to $ 250, depending upon winter severity (or about six percent of that of a 

typical new dwelling of similar size and style)!   

Background  
A 1963 two classroom elementary school of concrete brick and concrete block construction has been 

completely renovated to a predominately passive solar dwelling.  The school originally had no insulation 

and had been heated by a fairly massive forced air, oil furnace.  When purchased (fall 2005), a marginal 

amount of fiberglass insulation (about R 5 walls & R9 ceiling) had been installed in some areas.  The 

primary source of heat was a large wood stove, supplemented by a forced air 100k Btu/hr propane 

furnace.  Several rooms were largely unusable, having neither heating nor any insulation!   

 
Figure 1 The schoolhouse before  rennovation 

 
Figure 2 Inside of schoolhouse early in renovation 

 

The dwelling is located west of Kingston, Ontario at a latitude of 44 deg. N.  This is a 7150 F. degree-day 

ƘŜŀǘƛƴƎ ŎƭƛƳŀǘŜ ǿƛǘƘ ŀƴ ŜȄǘǊŜƳŜ ǿƛƴǘŜǊ Ψ5ŜǎƛƎƴ 5ŀȅΩ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ς5.8F.  The original classroom 

windows faced 30 degrees east of south - far from ideal, but worth solar consideration.  The building 

was gutted, cleaned and the structure rehabilitated.  Contractors were then engaged to complete the 

renovation.   

The thermal envelope now encloses a single storey, two bedroom, 1232 sq ft single family dwelling, a 

780 sq ft home occupation (studio), 263 sq ft of semi-heated utility/storage, plus a 256 sq ft 

mudroom/solar heater ς for a total usable area of 2531 sq ft.  Gross outside area is about 3100 sq ft.   
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Figure 3 The new addition -- a combined solarium/ mudroom 

 

 
Figure 4 South-southeast fcing glazing with triple pane R5.9 windows 

 
Figure 5 Some of the south glazing and paver floors 

 
Figure 6 Masonry Heater 
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Figure 7 Final floor plan 

Design Strategy 
The basic goal was to rehabilitate a severely building code deficient dwelling with extremely poor 

thermal and moisture performance into a quality dwelling where the priority emphasis would be energy 

efficiency and fire prevention, and the following specific considerations: 

- install a relatively high level of quality insulation to reduce winter heating and summer cooling 

needs,  

 

- satisfy as much of the winter thermal load using passive solar, as feasible, within the constraints 

of the existing building,  

 

- reconstruct the building envelope in a manner to be exceptionally tight to minimize infiltration, 

 

- provide attractive air quality year round, plus a level of wintertime heat recovery and humidity 

control, 

 

- satisfy winter heating demand in a redundant manner so as to not be snookered by either (i) the 

in-availability of individual fuels (propane, firewood, electricity and solar insolation), or (ii) 

equipment failure,  
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- make good use of the 200 ton existing building mass in a manner to both (i) significantly temper 

the temperature swings  commonly occurring with passive solar and/or solid wood fuel heating,  

and (ii) provide considerable thermal storage to counter heating system emergencies, 

 

- design a space heating system with a functional life exceeding that of typical housing and 

requiring little maintenance,  

 

- provide a quality, rain screen treatment to prevent exterior moisture penetration into the 

exterior wall assembly,  

 

- rehabilitate the foundation drainage and improve insulation and control of water vapor at the 

floor slab,  

 

- improve personal comfort by investigating means to reduce the temperature stratification of 

interior air as may be achieved by: (i) using quality windows, (ii) an attractive level of insulation, 

and (iii) passively warmed floors, 

 

- make a significant effort to reduce the risk of potential house fire to a level far lower than usual 

by: (i) giving priority to the selection of non-combustible materials and providing better 

clearances than normally specified, (ii) selecting quality heating and ventilation appliances and 

associated components known to provide superior safety,  (iii) avoiding high powered 

mechanical systems susceptible to catastrophic electro/mechanical failure, (iv) selecting 

components where surface temperatures are low, and unlikely to initiate combustion nor burns 

to occupants, and (v) developing a redundant heating strategy to ensure that heating units are 

not put under any stress ς even under adverse weather conditions.    

Space Heating Provisions  
Being essentially retirees, we were looking forward to creating a warm, comfortable home ς where 

ƳŀƛƴǘŜƴŀƴŎŜ ǿŀǎ ƳƛƴƛƳŀƭΣ ŀƴŘ ƻǇŜǊŀǘƛƴƎ Ŏƻǎǘǎ ǿŜǊŜ ŀŦŦƻǊŘŀōƭŜΦ  ¢ƘŜ  ΩLŎŜ {ǘƻǊƳΩ ƻŦ мффу Ǝƻǘ ǳs thinking 

about minimizing our reliance on specific  heating fuels.  Rising oil and electricity prices shifted our 

thoughts towards solar opportunities. 

1. By utilizing a quality level of insulation, high efficiency windows, and tight construction practices, the 

ǿƛƴǘŜǊ ΨŘŜǎƛƎƴ ŘŀȅΩ  ǇǳǊŎƘŀǎŜŘ ǎǇŀŎŜ ƘŜŀǘƛƴƎ ƭƻŀŘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ƻƴƭȅ ŀōƻǳǘ нм ƪ .ǘǳκƘǊΦ  This 

equates to a space heating load of about 270 Btu/hr per degree F.  The total annual heating load is 

expected to be about  60 M Btu.  Due to passive solar gains, and recoveries, purchased heating fuel 

is about 20% of the total space heating need.   

 

2. To reduce both the possibility and implications of mechanical failures, the heating system makes 

extensive use of high quality  and innovative materials in a largely passive or low tech. manner:   
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a. The glazing (predominantly triple pane) provides a relatively high insulation R value (typically 

R5.9) and provides a  considerable amount of direct, passive solar heat gain, and 

b.  wŀǘƘŜǊ ǘƘŀƴ ǳǎƛƴƎ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ ΨŎŜƴǘǊŀƭΩ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳΣ ǘƘŜ ŎƻƳōƛƴŜŘ Ƴŀǎǎ ƻŦ ǘƘŜ ŜȄƛǎǘƛƴƎ 

steel ceiling, masonry  walls, and the concrete flooring provide (i) readily accessible heat storage 

ǘƻ ΨŀǾŜǊŀƎŜ ƻǳǘΩ Řŀƛƭȅ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀǘƛƻƴǎΣ  Ǉƭǳǎ όƛƛύ ƻǾŜǊ ŀ ƘǳƴŘǊŜŘ ǘƻƴǎ ƻŦ ƭŜǎǎ ŀŎŎŜǎǎƛōƭŜ 

heat storage to satisfy several weeks of longer term emergency heating  needs ς yet ς  

c. Have a low need for maintenance and a low risk of equipment failure.   

 

3. In the event of wintertime temporary shortages (ie: several weeks) of electricity, propane, wood or 

sunlight, the heating system  provides 

a. wŜŘǳƴŘŀƴŎȅ ŦƻǊ Ŝŀǎƛƭȅ ŀŎƘƛŜǾƛƴƎ ōƻǘƘ ǘƘŜ ǎŜǾŜǊŜ ǿŜŀǘƘŜǊ ΨŘŜǎƛƎƴ ŘŀȅΩ ƘŜŀǘ ƭƻŀŘΣ ŀƴŘ   

b. Very little risk of damage due to freeze-up - even if the dwelling is un-occupied and unheated for 

several weeks.   

 

4.  The wintertime heating system is composed of: 

a. Passive Solar Windows, HRV Recoveries and Internal Gains  

i.  southerly facing windows and four dual patio doors contribute about 50% of the total 

winter space heating  requirement.   

ii.  including the HRV and internal gains, the contribution is 80% of the total seasonal heat load 

requirement.   

b.  High Mass, Radiant Masonry Heater with Bake Oven 

i.  wood fueled, centrally located in the Studio, providing approximately 7-12 k Btu /hr 

averaged over  the entire day for a single fire per day; (or 15-24 k Btu/hr with two fires per 

day ς an unlikely requirement),  

ii.  the core is high temperature firebrick and refractories, with machined and annealed iron 

doors  manufactured and installed by Norbert Senf/Masonry Stove Builders of Shawville, 

Que.   

iii.  the custom, cut sandstone facing was provided by Jay Beckwith Masonry of Lansdown, 

Ont.,   

iv.  masonry heaters are noted for low emissions, high efficiency (~72%), high safety and long 

operational life,  

v.  the surface temperature of the masonry never becomes sufficiently hot to burn materials 

or flesh,  

vi. combustion is typically about 2 hours per load, so over 90% of the day there is neither fire 

nor  high temperature flue gases, drastically reducing the potential for an accidental house 

fire to occur;   

vii. one need not open the firebox door during an active fire, ash cleaning and fuel loading is 

done cold, and at least 9 hours, and more usually, one or more days after the fire has been 

out! 

viii.  testing undertaken for CMHC has determined that this type of masonry heater is 

appropriate for modern air- tight house construction - as flue spillage is highly un-likely in 

comparison with factory manufactured solid  fuel appliances.   
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ix.  combustion involves high temperature with excess air ς so smoke, soot and creosote are 

never a problem! 

x.  tests of this unit indicate that it is very difficult to have CO spillage (even when trying to do 

so!), 

xi.  baking bread or cooking dinner in the bake oven on alternate days easily heats the house in 

mid-winter!; 

c.  Direct wall vented propane fireplace in the Living/Dining Room with blower powered ducts to 

nearby rooms; 

i.  variable 12k-43 k Btu/hr input (Regency P40 - 77% efficient);  

d.  4.1 kW of thermostatically controlled electric baseboard heating (14 k Btu/hr) distributed 

throughout the dwelling.  

i.  the function of the baseboards is primarily back-ǳǇ ƘŜŀǘ ƛƴ ǘƘŜ ŜǾŜƴǘ ƻŦ Ψƴƻƴ-ƻŎŎǳǇŀƴŎȅΩ ƻŦ 

a month or longer.  

5.  The south yard (having been a ball field) is largely open and generous and has a gentle downward 

slope.  The slope is curved  near the dwelling, and with winter snow, tends to act somewhat like a 

parabolic reflector with the south facing windows at the focus.  Mid- day, mid-winter sunlight intensity 

increases by 50 to 60% when measured indoors!.  Even without  snow, the passive solar heating system 

is expected to provide almost the entire fall/spring heating requirement 

Summertime Space Cooling Provision s 
The close proximity of the Bay of Quinte / Lake Ontario tempers summertime cooling needs, and, along 

with  (i) natural night-time window cross-ventilation, (ii) the solar chimney in the mudroom, and (iii) 

mature overhanging maple trees,  summertime air conditioning is not necessary. 

Space Heating Performance Summary  
²Ŝ ŀǊŜ ǾŜǊȅ ǇƭŜŀǎŜŘ ǿƛǘƘ ǘƘŜ ŦƛǊǎǘ ȅŜŀǊΩǎ ǘƘŜǊƳŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ǊŜƴƻǾŀǘƛƻƴ ς both in winter and 

summer.  Almost no purchased heat is required in fall and spring.  Between Jan 1 and Feb 28 (mid-

ǿƛƴǘŜǊύ ǿŜ ƘŀŘ нн ŦƛǊƛƴƎǎ ƻŦ ǘƘŜ ƳŀǎƻƴǊȅ ƘŜŀǘŜǊ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ŦǳŜƭ ƭƻŀŘ ƻŦ рлΦс ƭōǎΦ  ¢ƘŀǘΩǎ ŜǉǳƛǾŀƭŜƴǘ 

to a frugal two hour fire every 64 hours!  My wife baked bread or cooked supper in the bake oven 

almost every time the masonry heater was fired.  Yummm! Despite summertime temperatures in the 

mid to high 80s, the interior temperature is a stable 72-73F ς with windows continuously open for 

ventilation.  No air-conditioning is required.   

A simple thermal energy balance spreadsheet had been developed early in the design process to 

describe the rather unique nature of the school.  As the design process and construction phase 

continued, this spreadsheet proved to be an effective tool for assessing means to reduce loads and 

improve gains and recoveries.  It has been revised and expanded as newer and more detailed 

information became available.  This spreadsheet may be downloaded here.  A detailed log of electricity, 

propane and firewood usage has been made throughout this first year, and a summary of this log is 

included at the end of the spreadsheet.  The actual measured performance was slightly poorer than that 

http://www.builditsolar.com/Projects/SolarHomes/SchoolHouseRetrofit/Main.htm
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ǇǊŜŘƛŎǘŜŘ ǳǎƛƴƎ ΨŀǾŜǊŀƎŜΩ ǿŜŀǘƘŜǊ ŘŀǘŀΦ  IƻǿŜǾŜǊΣ ǘƘŜ Ǉŀǎǘ ǿƛƴǘŜǊ Ƙŀǎ ōŜŜƴ ŎƻƭŘŜǊ ǘƘŀƴ ΨŀǾŜǊŀƎŜΩΣ ŀƴŘ 

the implication of a number of correctable construction difficulties has been assessed.  We are confident 

that the dwelling performs very closely to that predicted in this simulation ς and we are delighted.   

1. The space heating system provides: 

a. multiple redundancy for accommodating full winter design day space heating load conditions 

(ie: 70 deg F inside @ - 5.8 deg F outside), and  

b. the capability to fully satisfy the all-time extreme recorded weather event (an additional 60% 

heat load) ς even without electricity!   

2. The passive solar system (including internal gain and recoveries) provides 80% of the seasonal heat 

requirement, and if all else fails, will usually prevent freeze-up damage over much of the winter.   

3. The small (454 litre) propane tank need only be filled once per year ς primarily for the kitchen range. 

4.  Firewood handling is minimal at about 2/3 of a cord per season.  The mudroom (adjacent to the 

main dwelling) provides convenient, ventilated, and protected storage for a full cord.  

5. Conventional central heating systems and/or hydronic slab heating are neither appropriate, nor 

cost-effective heating strategies for this specific dwelling.  By the selective elimination of devices 

prone to failure, and by providing functional redundancy, the risk of damage arising from heating 

system failure is essentially eliminated.   

6. Investment in an attractive level of high quality insulation, not only reduces operating costs but 

reduces the capital cost of mechanical systems.  The fire rated insulation does not support 

combustion, and is outside the steel and concrete structure, thus poses a low fire risk.   

7. We chose to heat with a redundant system involving a relatively expensive masonry heater, propane 

fireplace and passive solar windowsς on the basis of safety, reliability, fossil fuel energy efficiency, 

aesthetics, and lifestyle.  the expected payback period for the full package of insulation and heating 

system improvements over standard construction levels is 20 years.   

Total wintertime purchased space heating is expected to cost about 6% of typical new housing and 

less than 3% of that required by the original schoolhouse! 

8. The space heating requirement of this dwelling is just under 15 kWh per square metre of usable 

interior area ς outstanding performance for custom new construction - but this is a retrofit of a far 

from ideal older building! 

 Building Description  
The dwelling is comprised of the original schoolhouse, plus a small new mudroom/solarium constructed 

on the west end. The original school had two classrooms end for end with windows facing east of south. 

A north wing originally housed a central foyer, washrooms, coat closet and utility room with a massive 

furnace.  

!ŦǘŜǊ ǘƘŜ ǊŜƴƻǾŀǘƛƻƴΣ ǘǿƻ ōŜŘǊƻƻƳǎ ŀƴŘ ŀ ƪƛǘŎƘŜƴκŘŜƴ ƻŎŎǳǇȅ ǘƘŜ ŜŀǎǘŜǊƭȅ ŎƭŀǎǎǊƻƻƳΦ aȅ ǿƛŦŜΩǎ 

weaving studio occupies most of the west classroom.  A living room, dining room, two bathrooms, 

centre hall, utility room and workshop now occupy the north wing.  The new westerly addition is a single 

room functioning as a combination front entrance/vestibule with full air lock, storage for more than a 

full winter of firewood, coat closet, casual seating area, and solar heater for the main dwelling.   
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General: 
- Municipality:  Greater Napanee, Ontario, Canada;   

- latitude: 44 deg. N; longitude: 77 deg. W; 190 day heating climate with 7,150 DD64.5F; 

- context: rural farmlands adjacent to a tiny village;  

- architectural theme: simple farm out-building theme to blend with the rural character; 

- overall gross size: 286.6 sq m or  3,085 sq ft, net usable interior space: 235.2 sq m or 2,531 sq ft 

-  single story over slab-on-grade. 

Main Building  (original schoolhouse):  
- overall gross size: 259.8 sq m or 2,799 sq ft; 

- net usable interior space: 211.4 sq m or 2,275 sq ft; 

- structure: originally a single story, fire rated elementary school built about 1963;  

- original school had two classrooms, end-to-end, with windows facing South30E 

- entire building was gutted, cleaned, sanitized and painted prior to reconstruction;  

- concrete block foundation wall on concrete footings, approx 7 feet below grade;  

- non-insulated concrete slab on grade sub-floor;  

-  10 ft 6 inch high concrete block walls with concrete brick facing;  

- ŎƻǊǊǳƎŀǘŜŘ муƎŀΦ ǎǘǊǳŎǘǳǊŀƭ ǎǘŜŜƭ Ψ.Ω ŘŜŎƪ ŎŜƛƭƛƴƎκǊƻƻŦ ǎǳǇǇƻǊǘŜŘ ōȅ ǳƴƛǘ ƳŀǎƻƴǊȅ ǿŀƭƭǎ ŀƴŘ 

structural steel wide flange girders; 

-  above the original flat steel roof, a previous owner had recently installed a ridge type roof 

consisting of wood frame trusses bearing on the perimeter masonry walls, and panel steel  

finish roofing; 

-  insulation: completely insulated exterior to masonry and steel deck with fire rated, medium      

density, sprayed-in-ǇƭŀŎŜ ǇƻƭȅǳǊŜǘƘŀƴŜΣ όǿŀƭƭǎΥ т ѹέΣ ŎŜƛƭƛƴƎΥ уέ ǘƻ ф ѹέύΤ 

- exterior wall facing:  stained / back primed, western red cedar board & batten siding;  

- ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜǊƳŀƭ ŎƻƴŘǳŎǘŀƴŎŜ ŀ ǾŀǊƛŀƴǘ ƻŦ ǘƘŜ Ψ[ŀǊǎŜƴ ¢ǊǳǎǎΩ ǿŀǎ ǳǎŜŘΥ 

- ǎƛŘƛƴƎ ƛǎ ƴŀƛƭŜŘ ǘƻ нέ Ȅ нέ όŀŎǘǳŀƭ ǎƛȊŜύ н Ŧǘ OC horizontal cedar strapping, 

- this cedar strapping is nailed to 2 x 4 (nominal size) SPF vertical studs, and  

- ǘƘŜǎŜ ǎǘǳŘǎ ŀǊŜ ƴŀƛƭŜŘ ǘƻ нέ Ȅ оέ όŀŎǘǳŀƭ ǎƛȊŜύ ŎŜŘŀǊ ƴŀƛƭƛƴƎ ōƭƻŎƪǎΣ ŀƴŘ  

- these cedar nailing blocks are percussion nailed into the masonry wall,   

- ǘƘŜ т ѹέ ŜȄǘŜǊƴŀƭ ǿŀƭƭ cavity was entirely filled with medium density urethane, 

- rain screen: beneath the siding is a porous polypropylene mesh and Tyvec air barrier 
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Figure 8 Building the Larsen Truss 

 
Figure 9 Polyurethane foam insulation filling Larsen Truss 

 

- windows: all windows are triple pane, LOF EA2 hard coat #3, #5 glass in fiberglass frames; 

- operable windows are awning style, (all doors and windows provided by       

Stephen Thwaites, P.Eng./Thermotech Fibreglass, of Ottawa); 

-  sliding door (den): triple pane, LOF EA2 hard coat #3#5 tempered glass, fiberglass frame;  

- inside finish: Studio (about 30% of total dwelling area) is painted stucco finish over concrete  

block walls; and painted exposed steel ceiling and girders,  

 

 

Figure 10 Painted stucco over block walls and floor pavers 

- the remainder, is conventional dry wall on steel studs adjacent to solid masonry  walls or the 

steel ceiling.   
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Figure 11 Original steel ceiling, stucco walls, and paver floors 

- a few partition walls are non-load bearing, dry wall cladded wood frame SPF;   

- ŦƛƴƛǎƘŜŘ ΨŎƻƴŘƛǘƛƻƴŜŘΩ ǎǇŀŎŜ ƛƴ ǘƘŜ ŘǿŜƭƭƛƴƎ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǊŜƭŀǘƛǾŜƭȅ ǎƳŀƭƭ ŎŜƴǘǊŜ Ƙall, living and 

dining rooms, two small 3pc bathrooms (sink, water closet & tub) plus a larger combined 

kitchen/den and two mid-sized bedrooms;   

- one school classroom has been retained as a generous sized studio ς  ideal for numerous types 

of home occupations;   

-  ǳƴŦƛƴƛǎƘŜŘ ΨǎŜƳƛ-ŎƻƴŘƛǘƛƻƴŜŘΩ ǎǇŀŎŜΩ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǎƳŀƭƭ ǿƻǊƪǎƘƻǇ ŀƴŘ ŀ ƎŜƴŜǊƻǳǎ 

utility/storage room, (ie. unheated, but self maintaining above 55F); 

- all new plumbing and electrical sub-systems, rehabilitated cased well;  

- all new ducted ventilation system, including six port HRV (Nu-Air OP176), mechanical system 

blowers are low power;   

 

Figure 12 Heat Recovery Ventilator in workshop 

- ŀƭƭ ŦƭƻƻǊǎ ƭƛƪŜƭȅ ǘƻ ōŜ ƛƴ ǎǳƴƭƛƎƘǘ ŀǊŜ нлέȄнлέȄмΦрέ άǊŀƴƎŜ ǊŜŘΣ ǇŀǘǘŜǊƴŜŘέ ŎƻƴŎǊŜǘŜ pavers 

ǇƭŀŎŜŘ ƻǾŜǊ м ѹέ ǘȅǇŜ L± ŜȄǘǊǳŘŜŘ ŦƻŀƳ ƛƴǎǳƭŀǘƛƻƴ ϧ нл Ƴƛƭ ǇƻƭȅΣ ƻǾŜǊ ǘƘŜ ƻǊƛƎƛƴŀƭ ǎƭŀōΤ όǘƘƛŎƪŜǊ 

foam is preferable, but would necessitate reconstruction of numerous interior masonry 

doorways) 
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Figure 13 1.5 inch rigid foam board was used under the hardwood flooring, concrete pavers and slate tile bathrooms. 

 

- all new heating system (see Space Heating Provisions);   
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 Mudroom/Front Doorway  (west end of Main [original] Building):  
- overall gross size: 26.8 sq m or 286 sq ft;  

- net usable interior space: 23.8 sq m or 256 sq ft; 

- structure: south facing, single storey, newly constructed 2008:  

- 10 inch ICF concrete foundation walls on concrete footing (~ 7 feet below grade);  

- insulated slab on grade floor;   

- 10 inch ICF concrete perimeter walls, about 9 feet high;   

 
Figure 14 Mudroom/Solarium ICF walls 

 
Figure 15 Pouring the ICF walls.  2 inches polyurethane 
insulation was sprayed over outside of ICF walls 

 

 
Figure 16 Sun on the new solarium 

 
Figure 17 Mudroom/Solarium "doghouse" 

 

- roof is conventional wood frame rafters with OSB cladding, supported by dual,  laminated ridge 

beams (design is ΨǎǳƎŀǊ ǎƘŀŎƪΩ), roof is clad with panel steel similar to main structure;   

- ǿŀƭƭ ƛƴǎǳƭŀǘƛƻƴ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ L/C ŜȄǇŀƴŘŜŘ ǎǘȅǊŜƴŜ Ǉƭǳǎ ŀƴ ŜȄǘǊŀ нέ ƻŦ ǎǇǊŀȅŜŘ-in-place  

medium density urethane on the outside, and roof rafter cavities are filled with urethane;    

- exterior wall facing is similar to that of the Main (original) Building;   

- inside finish: painted gypsum dry wall directly over the ICF walls and on the underside of  the 

roof rafters; 

http://en.wikipedia.org/wiki/Sugar_shack

