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PROJECT DESCRIPTION

The Lillooet Lake Home is an innovative, three-storey 3,800 sq. ft. house

that incorporates the latest in sustainable design and energy-efficiency

technology.  Located south of Pemberton, BC, the lake front home is

surrounded by 7,000 to 8,400 foot coastal mountains creating a

spectacular backdrop. 

Designed and developed by Ecolighten’s Co-Founder Doug Rempel, the

key objective was to build an ‘off grid’ house that features sustainable

design, healthy indoor environment, renewable energy systems,

innovative technologies with significant resource conservation and

affordability considerations.
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BETTER BUILT HOME – LILLOOET LAKE HOME

KEY FEATURES

DESIGN: Integrated design process including Building Science,

House-as-a-System and Mechanical Design.

BUILDING ENVELOPE: Highly insulated airtight building envelope

featuring Insulated Concrete Forms (ICF) and Structural Insulated

Panels (SIP).

HVAC & CONTROLS: High-efficiency HVAC system including state-

of-the-art DC powered HRV.

WATER: Incorporates innovative tankless water heater, drain water

recovery and solar thermal technologies.  

LIGHTING & APPLIANCES: Features energy-efficient electric

appliances and latest CFL and LED lighting solutions.

CONSERVATION & SUSTAINABILITY: Utilizes 1.35 kW (peak) solar

PV array for electricity with geothermal prepped system for heating

and cooling.
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DESIGN:  Building ‘green’ is an opportunity to use resources more efficiently while creating healthier homes that are energy and cost-efficient.

To get started, the process begins with incorporating a design concept that encourages sustainability and energy-efficiency. 

ARCHITECTURE – An overall architectural design concept was developed to achieve the Lillooet Lake Home’s aesthetic goals while maximizing

energy performance with financial viability.   

• BUILDING SCIENCE – The influence of heat, air, and occupant produced moisture was fully reviewed

and addressed in terms of impact on the home structure.  As a result, potential issues such as thermal

bridging, humidity levels, peak moisture build-up, building decay, and mold growth were mitigated

against.  The Lillooet Lake Home utilized building science and house-as-a-system principles throughout

the project including design and construction  

• BUILDING MATERIALS – The Lillooet Lake Home design made efficient use of building materials with

everything built on a twelve (12) foot module format (i.e. drywall, plywood, studs, siding) to minimize

construction waste.  

• FRAMING DETAIL – Full consideration for the impact of ductwork was made in the context of interior

design and layout.  For example, the floor joists running East and West sit on top of the drop beam so

that the main duct and main beam run North and South.  This detail creates space an efficient air

management ductwork system for the furnace and integrated HRV whilst not sacrificing interior

aesthetics.

• DECK & WALKWAY – The outside deck and West side walkway of the Lillooet Lake Home was designed

specifically to facilitate summer shading of lower floor windows.   

• ORIENTATION – The Lillooet Lake Home faces south to take advantage of views of mountains, solar

gain and lake.  Even though the mountains across the lake are around 8,000 feet and property is at 650

feet elevation, the Lillooet Lake Home still gets full winter solar gain (low sun angles) on the South

windows due to the fact that there is a couple of kilometers of water in front of the house.  

• SUN PATH CHARTS – Spectacular views meant incorporating lots of windows in the East, South and

West direction.  The Lillooet Lake Home design utilized sun path charts to determine what shading

would be required in the summer and how much gain in the winter months.   

• SOLAR GAIN / SHADING – South and West facing windows support solar gain in winter due to lower

sun angles.  The idea is that an overhang will shade the windows in the summertime and reject the

sun’s impact, while in the winter the low sun will hit the glass and come through to add to the energy

gain in the house.  The Lillooet Lake Home’s location is known for extremely hot summers, so with the

design and consideration to the sun path charts a ten (10) foot overhang on the South side, a nine (9)

foot overhang for the West side main floor windows, and a five (5) foot walkway above the West

basement windows were incorporated. 

PASSIVE SOLAR  – The Lillooet Lake Home incorporated passive solar design which refers to use of the sun’s energy for the winter heating and

summer shading of living spaces.  Practiced throughout the world, passive solar design has been shown to produce homes and buildings with

lower energy costs, reduced maintenance, naturally lighted interiors and superior comfort.  

FRAMING

FRAMING DETAIL

DECK & WALKWAY OVERHANG

SOUTH FACING - LAKE VIEW

SUN PATH CHARTS
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• NATURAL LIGHTING – The Lillooet Lake Home was oriented to bring abundant natural daylight into

the interior to reduce lighting requirements. 

MECHANICAL DESIGN  – A full mechanical design on the Lillooet Lake Home including the heating, cooling and ventilation (HVAC) system was

completed including proper ‘room by room’ Heat / Cool load calculations, equipment sizing and specification, and distribution system design.  The

result is a right-sized system, lower equipment costs, longer equipment life, increased energy performance and greater occupant comfort.

• HEAT LOAD CALCULATION – A ‘room by room’ Heat / Cool load calculation was completed on the

Lillooet Lake Home.

• EQUIPMENT SELECTION & SYSTEM DESIGN – Equipment selection and ductwork system sizing was

designed to deliver necessary CFM outputs per room.  This is critical for furnace performance (to

achieve engineered furnace efficiency) and overall home comfort.  

• ZONING – Zoning allows one to eliminate the wasted energy of over conditioning areas in the home

that have reduced exposures or that may be unused or unoccupied.  The Lillooet Lake Home facilitated

zone control with gas convection wall heaters and fireplaces.

LANDSCAPING – The Lillooet Lake Home exterior landscaping has incorporated deciduous tree shading on the western side to block the hot

late afternoon summer sun. The north side has bushy evergreens to block winter winds against the house.

WEST WINDOW SHADING

3D MECHANICAL SYSTEM DESIGN

ZONE CONTROL
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BUILDING ENVELOPE:  The building envelope is the outer layer of a home that separates the living space from the outdoor environment

both above and below grade.  Many homes have high heating requirements because of high rates of air leakage and building envelope areas

that are not well insulated.  Remember, a well-insulated, draft-free building envelope keeps the heat inside during the winter and keeps the

heat out during the summer and because the building envelope can be the biggest energy loser and heat gain in your house, it offers you the

greatest potential for lowering energy input.

INSULATION – A healthy house today is well sealed, well insulated and properly ventilated.  For any home, the insulation component requires

careful planning and attention to detail..   

• BOTTOM FLOOR (concrete floor or skim coat)  – In most applications, insulation such as Styrene or

equivalent would be utilized.  However, the Lillooet Lake Home is unoccupied and unheated for much

of the winter.  As a result, the home’s slab was left un-insulated with hopes of capturing ground-source

heat conducting through the acid etched concrete floor and we can now confirm that this idea works. 

• FOUNDATION – Until recently, the full extent of heat loss through the foundation was not completely

understood or considered.  There are many ways to handle it and for Lillooet Lake Home we utilized

Insulated Concrete Forms (ICF) because of ease of installation, high R-value and air-tightness.  

• EXTERIOR WALL – Anywhere from 10% to 25% of the exterior wall will be structure framing.  In addition,

50% to 80% of the exterior wall cavities are within the studded area and the higher the resistance to

heat conductivity (R-value) the less heating required.  For Lillooet Lake Home, the exterior walls were

insulated with 5” closed-cell spray foam and easy to install exterior styrene R4 Cladmate.  The Cladmate

in particular helps reduce the thermal bridging in the studs and increases the conducted heat loss

performance of the spray foam in the stud space by close to 50%!

• CEILING – Heat conducts equally in all directions, however, because of stratification more heat conducts

through the ceiling.  This area often facilitates higher R-values.  On the Lillooet Lake Home, we integrated

a pre-fabricated Structural Insulated Panel (SIP) roof with 9.5” of closed-cell foam achieving an R-value

of at least R50. The rafters are a constructed TGI with less than 1” plywood material which dramatically

reduces thermal bridging.

INSULATED CONCRETE FORMS

SPRAY FOAM INSULATION

EXTERIOR WALL INSULATION

STRUCTURAL INSULATED PANELS
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• WINDOWS & DOORS – Windows are typically the largest energy loser and heat gain in the home so

energy-efficient homes will want a minimum double glaze high-performance glass with low E + argon

gas.  The choices on window frames are wood, vinyl, fibreglass and thermally broken metal and for

homes planning a proper air management system, you are able to have fewer opening windows which

will reduce possible air leakage and upfront investment.  For the Lillooet Lake Home , we incorporated

wood framed high performance glass with low E squared + argon for its R-value and beauty including

aluminum extruded exterior for reduced maintenance.  Openers were only chosen for the bathrooms

and for egress in the bedrooms.  The total number of windows at the Lillooet Lake Home is forty-one

(41).

• AIR-TIGHTNESS  – On the Lillooet Lake Home, the windows were installed after the Cladmate exterior

insulation and blue skin.  As a result, when attaching the window nailing flange it compressed the blue

skin to the Cladmate to make a very air-tight seal.  Following that, backer-rod and spray foaming the

interior framing gap around the wood window frame was completed.  In addition, all the Lillooet Lake

Home heating equipment is sealed combustion including two (2) wood stoves, four (4) propane heaters

and a propane instant DHW heater which are all air-tight, sealed and draw their combustion air directly

from outside.  Following substantial completion at the cottage, a blower door test was completed where

no single air leakage point around the windows was discovered.   In fact, the blower door test showed

that the Lillooet Lake Home ultimately achieved a 0.9 ACH per hour at 50 Pascal’s negative pressure. 

WINDOWS WITH BLUESKIN

WINDOW VIEW

BLOWER DOOR TEST

SMOKE PENCIL TEST

WINDOWS & DOORS – Tighter and more energy-efficient windows and doors will reduce the heating load on a house, reduce heating costs

and improve occupant comfort. In addition, energy-efficient glazing can also reduce potential condensation problems that damage finishes and

lead to mold growth.   
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HVAC & CONTROLS:  Selecting through some of the options available to heat a home is not always straight forward. Often compromises

are made both in terms of the HVAC system and its application, the requirements of the homeowner, and the finances. Careful attention at

the planning stage will save money and unnecessary changes later. At the end of the day, a heating system should deliver maximum comfort

with long-term energy savings.  In addition, it must provide the heating requirements of the home under ‘design day’ conditions, and should

have a little extra capacity to provide for pick-up after a period of low temperature. Going back to the importance of design, the capacity of

the heating system should be determined by a room-by-room heat gain / loss calculation, not by rule of thumb.

• FURNACE  – In a house that is built well insulated and extremely air-tight, a convection system (forced

air) has a lot of benefits namely heating, cooling, fresh-air distribution and heat distribution through

recirculation, humidification and filtration, quick recovery, precise controllably and some zoning.  At

Lillooet Lake Home , a fully ducted, integrated with HRV, total air management system which includes

an extremely quiet and efficient DC furnace blower, state-of art HEPA-type filter.  The system is also full

prepped for geo-thermal integration.

• VENTILATION – In most cases, an HRV is the best approach because it recovers heat in the winter-time

and creates a more balanced equilibrium for the exterior envelope.  On the Lillooet Lake Home, a 24

volt, DC motor (means 1/5 of electrical), HRV is ducted to each bathroom for exhaust while the incoming

fresh air is connected and distributed through the forced air supply-side.  When running on low speed

CFM, the HRV provides a total air change every eight (8) hours and on high speed a total air change

every two (2) hours.  At exterior air temperature of 0ᵒC and interior air temperature of 20ᵒC, the heat

recovery efficiency is 84%.  

• FIREPLACES  – Choosing a high-efficiency secondary heat output in a home can add a level of comfort,

and can provide back-up in power during mechanical failure.  For the Lillooet Lake Home, a radiant free

standing propane fireplace adds another level of comfort beyond convection system. This free standing

gas fireplace not only provides back-up heat it also provides accurate, thermostatically  control for more

precise temperature control, particularly during at night or when leaving the home for extended hours.

For the upper two floors of the house, a wood burning zero clearance, fireplace which is ULC certified

as a wood stove was integrated.  The woodstove can hold an eight (8) hour burn on one full load of

firewood. The exterior skin, on each of the sides, the back, the top and bottom of this fireplace feature

air spaced, triple wall insulated sheet metal panels which turns the radiant heat coming off the firebox

into convection heat which is then indirectly tied into ductwork.  Now, every time the DC furnace blower

is turned on the convection heat from the fireplace will be drawn into the return air duct and circulated

through the supply duct to heat the entire house.  For the basement suite, a freestanding wood burning

stove was chosen. This stove has both radiant as well as significant convection heat output. The

convection heat is distributed by a 24V ceiling fan at the end of the hall. During the day, with the fan

turned on and with both bedrooms and the bathroom doors left open the heat distribution is amazingly

even at the cabin. The radiant heat is very even in the wide open great main room area and the fire is

very enjoyable to watch through the glass door.

• CONTROLS  – Control systems have undergone a remarkable transformation from a simple comfort

control device to an easy-to-read, backlit LCD display, energy management tool.  Now, at very

reasonable cost, one can have at thermostat that will provide both night and day settings with different

schedules for weekdays and weekends.  At Lillooet Lake Home, a programmable thermostat for the

forced air furnace and another one for the free standing propane fireplace in the loft are installed. The

furnace thermostat also has a control for turning on the blower to recirculate the heat from the wood

burning fireplace.   

DUCTING

PROGRAMMABLE THERMOSTAT 

HEAT RECOVERY VENTILATION

VENTED FIREPLACE 

LIVING ROOM FIREPLACE 
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WATER:  Water works for us in many ways, making our lives easier and more enjoyable. But we must take great care not to overuse and

abuse this precious resource.  Despite and abundance of fresh water in Canada, water supplies are not endless and everyone can play a part,

at home, to protect and to conserve our water so that it will be sustained for future generations.

• TANKLESS WATER HEATER – Tankless water heaters are capable of providing an instant, endless supply

of hot water. Because these systems function on an on-demand basis, they don't require a holding tank

to store pre-warmed water.  No storage or holding reserve means that tankless water heaters have a

life span that's twice as long as traditional systems because of the risk of rust and corrosion is

significantly lowered.  On the Lillooet Lake Home, a tankless propane fired system was used.

• SOLAR THERMAL  – Solar energy is a clean and abundant energy resource that can be used to

supplement many of your energy needs. Water heating is one of the most cost effective uses of solar

energy, providing hot water for showers, dishwashers and clothes washers.  Primarily used as pre-

heater and works well with above, the Lillooet Lake Home is solar thermal ready.  

• DRAIN WATER RECOVERY – By recovering the heat going down your drain, your home will use less new

energy to heat your hot water.  On the Lillooet Lake Home, a drain water recovery system was integrated

to capture 43% of the heat from water going down the drain that is transferred into incoming cooler

water prior to going to the water heater systems described above.

• RAINWATER HARVESTING – Rainwater harvesting (RWH) is the ancient practice of collecting rainwater

and storing it for later use.  The Lillooet Lake Home incorporates an RHW system to reuse as much

rainwater as possible.

• FIXTURES  – Low-flow fixtures and aerators use high pressure and aeration to produce a comfortable,

pleasing flow without using nearly as much water. Because of this strategy, low-flow fixtures are a win-

win situation.  The Lillooet Lake Home incorporates 2 stage low flush toilets, low-flow showerheads,

faucets and aerators.

TANKLESS WATER HEATER 

DRAIN WATER RECOVERY SYSTEM 

LOW FLOW SHOWHEAD 

LOW FLOW TOILET 
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LIGHTING & APPLIANCES:  When it comes to lighting and appliances, it is important to select ENERGY STAR® solutions for your home.

ENERGY STAR® qualified fixtures and bulbs come in many shapes and sizes.  As such, this gives homeowners a wide range of lighting choices

that allow them to create the atmosphere they want for their homes.  ENERGY STAR® lighting also offers significant cost savings and longer

lifetimes than standard products.  Separately, did you know that household appliances account for nearly 20% of energy use in an average

house?  Well, a comprehensive package of ENERGY STAR® qualified appliances can reduce energy costs, while offering improved performance,

quality, and durability.  

• COMPACT FLOURESCENT LIGHTS (CFL)  – Although light sources (bulbs, tubes) are sold on the basis of

wattage, the watt is a unit of power or heat, not light. The unit of light is the lumen, and the bulb or

lamp converts the watts into lumens, although not always with the same efficiency. A standard two-

tube fluorescent fixture provides about four (4) times as much light per watt as a standard incandescent

bulb.  There are CFL’s that fit most incandescent lamp fixtures and give a similar warm light. These CFL

lamps provide three to four times as much light per watt as incandescent lamps and last nine to ten

times longer. As a result, using compact fluorescent lighting in areas where lights will not be left on for

long periods gives you long-term economy and convenience.  In the Lillooet Lake Home, CFL’s where

utilized in bedrooms and washrooms where lights are not left on for long periods. 

• LIGHT EMITTING DIODE (LED) – LED’s work well where task or track lighting required and high usage

areas.  In addition, they are also good in exterior applications because they work better than CFLs in

colder environments.  At the Lillooet Lake Home, LED’s were used in pot lights, track lights and areas

of high usage.  LED’s were also chosen for exterior pathway and security.  LED’s (the latest technology

available) for task lighting and where lights will be left on for long periods are the best choice. There

are an ever increasing variety available but be sure to see them working to evaluate if the colour is

correct in the application.  

• APPLIANCES & ENTERTAINMENT  – Be sure to compare the appliances and entertainment devices via

their EnerGuide labels. If you find more than one appliance with the quality and features you want,

the one with the lowest energy use rating on the EnerGuide label could be the best choice. Also, check

out the web as there are more extremely energy-efficient appliances coming to market almost every

day.  Most major appliances should last at least ten (10) years, so when you purchase an appliance you

are committing yourself to at least ten (10) years of energy consumption. A difference of 25 kWh per

month in energy and consumption at 8 cents per kWh amounts to $240 of electricity in ten (10) years.

Read CSA / ULC labels to find out the exact electrical load as it is surprising to not find this information

readily available in many stores or on the web.  On the Lillooet Lake Home , state-of-the-art 24V fridges

were installed with estimated on-grid annual operating cost of $5 per year and ENERGY STAR® washing

machine and a clothes line for drying. The Lillooet Lake Home also incorporated a LED TV, power bar

and timers for all phantom loads.

DAY LIGHTING

LED LAMP

SOLAR YARD LIGHTS 

REFRIGERATOR
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RENEWABLES & CONSERVATION:  Renewable energy is energy that comes from natural, sustainable sources, like the sun, wind and

water.  They are available in plenty and by far most the cleanest sources of energy available on this planet.  In addition, conservation is good

for the environment and is one of the best ways to manage home energy costs.  The home provides significant opportunity to reduce energy

use and saving energy saves money and helps ensure energy is available when needed.

• SOLAR PHOTOVOLTAIC (PV) – Solar PV technology has become a favoured form of renewable energy

technology and the rapid growth in the deployment of PV in recent years indicates that the technology

is quickly gaining ground.  At the Lillooet Lake Home, a 1.35 kW (peak) array from six (6) panels

generates more than enough energy to power all the appliances and entertainment devices for at least

eight (8) months of the year. In the four (4) darkest winter months, I would guess the solar still provides

somewhere between 50% -70% of the home’s electrical power needs. 

• GEOTHERMAL SYSTEM  – A ground source heat pump (GSHP) functions much like an air-source heat

pump, but instead of exchanging the heat from the outside air it uses a fluid, pumped down through

piping into the ground, to recover or reject the heat. Using the ground as the heat source is beneficial

because, unlike the air, the temperature is very constant throughout the year, typically in the range of

7°C to 13°C.  The Lillooet Lake Home has been prepped and is ‘geo’ ready once it becomes grid-

connected.  

• PHANTOM LOADS  – Many electronic devices continue to use power even when they are not being

used. Devices, such as modems, televisions, micro wave and oven clocks, set-top cable boxes and DVD

players, often use power in ‘standby mode’. That means these devices continue to use electricity to

power lights, clocks and ‘instant-on’ features, even when they are switched off.  To reduce phantom

loads, Lillooet Lake Home the incorporated both ‘standbyoff’ plugs, mechanical timers and appliances

without electric clocks.

• RECLAIMED WOOD FLOORING – Reclaimed hardwood is wood that has been recovered or found. In

the majority of cases it is hardwood that has been abandoned, that is considered waste, trash or

rubbish.  As part of conservation efforts, the Lillooet Lake Home utilized fir reclaimed wood flooring

that gives a distinctive and classic look that is hard to beat in terms of interior design.

• LOW MAINTENANCE – Utilizing durable building components that require limited maintenance is

another key conservation methodology that should be considered.  The Lillooet Lake Home incorporates

a standing seam metal roof, exterior metal clad wood doors, exterior aluminum extruded cladding wood

windows with cement siding that is durable and will help protect the home from the elements including

fire protection.

SOLAR PV - INSTALLATION 

SOLAR PV - ARRAY 

ELECTRICAL PANEL 

GEOTHERMAL PREP 

RECLAIMED HARDWOOD FLOOR 


