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GIBSONS, BC DISTRICT GEOTHERMAL ENERGY SYSTEM
Ed Lohrenz, Geo-Xergy Systems, Inc., Winnipeg, MB, Canada

BRITISH COLUMBIA COASTAL 
COMMUNITY DEVELOPS GEOTHERMAL 
UTILITY

The Town of Gibsons, BC is located a 40 minute ferry 
ride north of Vancouver. The community, of approximately 
5,000, is growing as new residents from Vancouver have 
chosen to work in Vancouver a few days a week but live in 
the small community. The increasing population has 
encouraged development in the community, including new 
housing, commercial / retail space as well as a new school 
and recently completed hockey arena.

There is pressure from the community for reducing the 
environmental impact of both existing and new 
development - to be “green”. Geothermal systems have 
become fairly common in both residential and commercial 
applications in Gibsons and the rest of the Sunshine Coast 
area in the last few years. In addition to interest from the 
community there is a mandate from the Provincial 
Government for municipalities, towns and cities to develop 
a plan to reduce their impact on the environment.

Faced by pressures from the residents and the Provincial 
Government to reduce greenhouse gas emissions, coupled 
with pressure from developers to provide additional 
housing and commercial space, the Town explored ways to 
meet the needs of the community.

THE DEVELOPMENT:
The overall development covers approximately 110 

acres. Several developers own parcels of the development 
that will be developed over the next 10 to 15 years. The 
Town is working with the developers on the overall plan. 
Construction of Phase 1, as indicated on Figure 1, 
commenced during the summer of 2010. Phase 1 includes 
110 building lots and will include approximately 133 
housing units, ranging from single family homes up to 
3,500 square feet in size to multi-family units of 1,200 to 
1,600 square feet (Figure 2).

Phase 1 includes only residential homes. Homes in the 
relatively cool climate in Gibsons are typically heating 
dominant and, over the year will extract more energy from 
the ground that is rejected to it.

There are several commercial buildings adjacent to the 
development, including a shopping center of approximately 
80,000 square feet that is scheduled for expansion in the 
next few years. In addition to the shopping center, there is 
a new hockey arena adjacent to a future phase.

GROUND HEAT EXCHANGER 
(GHX) OPTIONS:

Many of the building lots in Phase 1 are relatively small. 
Many of the lots are only 4,500 square feet in size. If the 
homeowners want to install a geothermal system with a 

free-standing GHX on their building lot, they would be 
limited to using a vertical GHX. There is simply no room 
to install a horizontal GHX on their own property.

Figure 1. The yellow outline indicates the full extent of the 
proposed 750 home housing development.

Figure 2. Phase 1 of the project includes 133 single and 
multi-family homes.

There are drawbacks for the installation of vertical 
GHX’s. The cost of a vertical GHX would limit the number 
of homeowners willing to install a geothermal system, and 
many would opt to install a gas furnace or an air source 
heat pump rather than spend the extra money for a ground 
source system.

The town also was hesitant to permit the installation of 
vertical GHX’s in the area. The Town’s water supply is 
drawn from an aquifer located directly under the proposed 
development as shown in Figure 3.

Drilling vertical boreholes through the clay overburden 
was seen as a potential source of pollution of the town 
water supply if surface water leaked into the aquifer either 
during installation of the vertical GHX boreholes or an 
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Figure 3. The Upper Gibsons development is located directly above the aquifer that supplies drinking water to the Town. 
The Town was hesitant to allow drilling through the protective clay overburden for fear of surface water leaking into the 
aquifer and causing pollution.
improperly grouted borehole. The greenbelt and park areas 
located throughout the development provided an attractive 
alternative. Was there enough land area in the development 
to develop a horizontal GHX alternative to heat and cool 
the homes?

The first step in the process was to estimate the total 
amount of energy that would have to be transferred to and 
from the ground. An estimate of the type and size of homes 
expected in Phase 1 was developed and energy loads were 
calculated. Calculations showed the estimated energy 
loads were heating dominant. Peak cooling loads were 
higher than the peak heating loads, but there are very few 
hours of cooling required in a typical home in the coastal 
climate (Figure 4).

Figure 4. Residential homes in the BC coastal climate are 
very heating dominant, even though peak cooling loads can 
be greater than peak heating loads.

The second step was to excavate test pits in the green 
belt and park areas to determine the capacity of the ground 

to transfer energy. Test excavations were completed to 
determine the soil conditions and to measure the thermal 
conductivity and diffusivity of the formation as shown in 
Figure 5.

Figure 5. Test excavations were completed to determine the 
soil conditions and to measure the thermal conductivity 
and diffusivity of the formation.
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DIVERSITY OF LOADS REDUCES SIZE OF 
GROUND HEAT EXCHANGER:

Phase 1 of the development is comprised of mostly 
single-family homes, some two, and four-plex homes. In 
the relatively cool climate of British Columbia, the energy 
load of the homes is influenced mainly by the climate. 
More heat is extracted from the GHX than is rejected to it.

Commercial and large institutional buildings, however, 
are heavily influenced by internal gains. Higher occupancy 
during the day combined with higher lighting levels 
contributes a great deal of heat to the buildings, and many 
of these facilities require cooling even during the winter. 
A typical single sheet hockey arena rejects between 
1,500,000 and 2,000,000 kWh of energy from the 
refrigeration plant. The heat is normally simply rejected to 
the outside air through a cooling tower. A cooling tower is 
typically used to dissipate heat removed from the ice in a 
hockey arena (Figure 6). A water cooled condenser will be 
installed when the ice arena is connected to the GHX.

Figure 6. A typical cooling tower.
If these buildings are connected to the GHX, the energy 

balance to the GHX can be balanced to a degree. The 
graph in Figure 7 shows the influence of the ice arena on 
the energy loads to the GHX designed for Phase 1.

Adding the heat rejected from the hockey arena has a 
significant impact on the energy loads to and from the 
ground. A single sheet hockey arena operating 9 to 10 
months per year must dissipate between 1,500,000 and 
2,000,000 kWh of energy annually. In the mild coastal 
climate that is enough energy to supply heat to 
approximately 150 to 200 homes.

As the development expands, the hockey arena and other 
cooling dominant buildings are expected to connect to the 
GHX. Connection pipes have, in fact, already been 

installed from the pump house to the edge of Phase 1 to 
facilitate connection of the commercial development 
located south-west of the housing development.

Figure 7. The influence of adding the ice arena on the 
energy loads designed for Phase 1.

THE OCEAN AS AN ADDITIONAL HEAT 
SOURCE/SINK

The Town of Gibsons is situated on the ocean. The ocean 
temperature in the region remains constant year round at 
approximately 50° to 55°F. To service the new housing 
development the Town will be reconstructing a storm 
sewer line within the next few years. The reconstruction of 
the line provides an opportunity to take advantage of the 
constant ocean temperature to add or remove energy from 
the GHX if required.

If the temperature of the GHX becomes too warm 
during the summer or too cold during the winter, ocean 
water can be circulated through a heat exchanger to 
transfer energy. The ocean water can transfer energy 
continuously, and in effect, use the GHX as an energy 
storage medium to deal with peak loads.

The ocean is located approximately 1 mile (1.5 km) 
from the development. When the storm sewer line is rebuilt 
in a few years a connection can be constructed between 
the 50° to 55° (10° to 12°C) ocean water and the GHX to 
allow transfer of energy to and from the ocean (Figure 8). 
This will reduce the size of the GHX required.

DESIGN OF THE GROUND HEAT 
EXCHANGER

Several configurations of GHX were reviewed to 
determine the most cost-effective system that would fit in 
the space available. Three greenbelts measuring 40’ wide 
by approximately 700’ in length cut across Phase 1 and a 
fourth greenbelt measuring 40’ wide by approximately 
1,600’ in length runs north south on the east edge of Phase 
1. In addition to the greenbelts, there is a park measuring 
approximately 230’ by 230’ about midway on the east side 
of this phase. Approximately 148,000 square feet, or 3.4 
acres of land could be used for construction of the GHX.
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Several configurations and methods of installing pipe in 
the greenbelts were explored, including trenching, 
horizontal boring and plowing. Options for excavation for 
installing the GHX included large pit excavations and 
excavation of side by side trenches.

Figure 8. Location of the ocean connection in relationship to the 
project.

Early budgeting exercises with contractors in the area 
indicated large pit excavations would be more cost-
effective than excavation of individual trenches. 
Contractors capable of horizontal directional drilling 
indicated it would be fairly cost-effective to install using 
this method. Horizontal directional drilling had the 
advantage of being a very un-intrusive method of installing 
pipe in the ground, and the initial GHX design was based 
on this method of installation.

Bids for the installation of the GHX several months 
later, however, were much higher than anticipated. A 
redesign of the GHX with the winning contractor resulted 
in a slinky GHX configuration, with each slinky GHX 
circuit installed in a separate trench (Figure 9). For this 
contractor, this configuration proved to be the most cost-
effective method of pipe installation.

DISTRIBUTING ENERGY TO THE 
CUSTOMERS

The GHX modules are located some distance from many 
of the homes connected to them. The distance between the 
homes and the GHX modules raised some design issues, 
including how heat transfer fluid would be piped and 
pumped to the homes.

To take advantage of future opportunities to inject energy 
into the GHX from commercial buildings, the hockey arena 
and potentially use the ocean to moderate the temperature 
of the GHX, all GHX modules had to be interconnected.

To reduce potential risk of a break in a pipe from 
disrupting the operation of the entire system, or the failure 
of a pump from delivering energy to the homes, the GHX 
was designed as a number of independent modules, each 
with an independent circulation pump controlled by the 
temperature of the fluid. Supply and return lines from each 
GHX module terminate at a header in a pump house located 
in the park area.

Figure 9. A slinky configuration of GHX proved to be the 
most cost-effective option for the contractor selected to 
install the system.

Distribution supply and return lines are installed on the 
road allowance as other utilities such as sewer and water 
lines. Supply and return line connections from the main 
distribution lines to the individual building lots are 
terminated in a curb-stop box at the property line. Isolation 
valves are located in the curb-stop box and are opened when 
the home is connected to the system.

The GHX lines in the home are identical to what a builder 
or homeowner would see if a free-standing GHX was 
installed for the home. The heat pump installer connects the 
heat pump to the system in the same manner as an 
independent GHX, with a circulation pump similar to what 
would be used in a typical residential system.

There are two differences that would be seen be the heat 
pump installer. A special flushing and purging procedure 
was developed to connect the heat pump to the heat transfer 
fluid of the system. An energy meter installed in the home 
measures the energy extracted from or rejected to the GHX.

The development will not be completed for 10 to 15 years. 
In fact, detailed plans for much of the development is not yet 
completed. Since the development is being constructed over 
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such a long period, it was important to design the system 
to allow for expansion over time, and to allow the design to 
adapt to changing plans (Figure 11).

The first pump house was designed to accommodate up 
to 14 GHX modules, three of which are completed for the 
first 35 homes in Phase 1. It is expected that the first pump 
house and GHX modules will accommodate the energy 
requirements for about 275 to 300 homes, plus allow for 
interconnection to a future pump house and connection to 
the nearby commercial development.

ECONOMICS
For most people the decision to install a geothermal 

system is based on economics. If the payback is too long 
compared to a conventional system, a conventional system 
is installed.

The heat pump system in individual homes can be 
installed for approximately the same cost as a conventional 
gas furnace and air conditioner assuming the GHX is in 
place. The homeowner is expected to pay for the electricity 
to operate the heat pump and circulation pump, as well as 
an energy bill from the town based on the metered energy 
transfer to and from the GHX (Table 1).

Geothermal Utility
Gas Electric

Electricity Geo Utility Total

Single $981 $948 $1,929 $2,275 $2,906

Cluster $342 $264 $611 $719 $860

Cottage $462 $372 $836 $984 $1,188

Table 1.The cost of energy for heating compared to gas and 
all electric.

The cost of energy from the GHX is determined by 
amount of money needed to build the GHX and pump 
house. The net present value of the revenue stream 
generated from the geothermal utility is expected to be 
greater in twenty years than the investment being made by 
the Town.

The greatest difficulty in financing the project has been 
the large capital investment required to build the pump 
house and ground heat exchanger, with few customers 
connected to the system for the first few years. To get past 
the initial period with little revenue, the Town received 
grants to start construction of the system from Island 
Coastal Economic Trust and the Provincial Innovative 
Clean Energy Fund.

CURRENT STATUS
The Town has completed construction of enough GHX 

to heat and cool approximately 35 to 40 homes. The pump 
house is large enough to accommodate enough GHX 
connections and pumps to supply heating and cooling to 
approximately 275 to 300 homes. Distribution piping has 
been installed by the developer to connect approximately 
60 to 70 homes to the pump house.

The first two homes have been completed and have been 
operating since the fall of 2010, and approximately 15 to 
20 homes are to be built this summer.

Figure 10. The system is designed for expansion as the development grows. New GHX modules and distribution lines are 
easily added to the system.


