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Introduction

1. Ron Tolmie is a retired physicist who has continued working (on a non-profit basis) on the
development of the means of storing energy and of employing five energy sources that are
underutilized in Canada. The goal of these efforts is to replace the use of fossil fuels with energy from
permanently available renewable energy sources. One part of that goal is to displace the use of natural
gas, which is widely touted as a "bridge" source of energy that could temporarily serve for both thermal
and electrical applications for a period of a few decades. Natural gas is arguably a source that serves no
useful purpose in Canada because the renewable energy alternatives are cheaper, safer and much less
damaging to the environment. In particular, the applications under this review by the Board would have
the effect of shifting Ontario's supply of natural gas from conventional gas that is largely a by-product
of Canada's oil industry to shale gas, and that introduces substantial amounts of additional greenhouse
gases (and other hazardous substances) into the environment.

2. Union Gas Limited (“Union”) filed an application dated May 28, 2015 seeking pre-approval of

the cost consequences of a long term (15 year term) transportation contract for 150,000 decatherms per
day (“Dth/d”) with NEXUS Gas Transmission (“NEXUS”) commencing November 1, 2017 (EB-2015-
0166). Union’s total expected cost of this transportation contract is approximately US$715 million.

3. Similarly, Enbridge Gas Distribution Inc. (“Enbridge”) filed an application dated June 5, 2015
also seeking pre-approval of the cost consequences of a long term (15 year term) transportation
contract for 110,000 Dth/d with NEXUS (EB-2015-0175). The total expected cost of this transportation
contract is approximately US$420 million. Enbridge has noted that its precedent agreement with
NEXUS provides Enbridge the option to increase its capacity from 110,000 Dth/d to 150,000 Dth/d.

Summary Position

4. There is no need for the NEXUS pipeline. The principal purposes it serves (space heating and
power generation) could be provided at a lower cost by employing local energy sources.

5. Ontario does not need to, and should not, use shale gas. The hydraulic fracturing process
releases a large amount of methane from its long imprisonment in the shale rock that is not collected
via the well. That mobile gas, made up primarily of methane that has a very high GWP of 86,
accumulates as an ever-growing underground cloud and much of it is expected to eventually reach the
surface. It will thus make a delayed contribution to the greenhouse gas content of the atmosphere that is
likely to be unacceptably large. Leakage from the cloud will be spread over thousands of square miles,
making remediation almost impossible. NASA, NOAA and GHGSat are beginning to monitor these
delayed emissions.

6. The hydraulic fracturing process also releases hazardous radioactivity and chemical pollutants.
While the OEB is not the responsible government agency for reviewing the hazards associated with
shale gas both the GHG and the hazardous substance releases generate costs that will be imposed on
the public so the cost element is relevant to making the choice between using shale gas vs. using local
thermal sources of energy.



7. There are five local energy sources that could in appropriate combinations be used as a
substitute for natural gas. All five sources are presently being used in real-world applications and they
provide sufficient energy capacity to replace the use of natural gas for centuries to come. The Appendix
provides a detailed description of how these five sources can be captured and used, including
photographs of a working system and tables that show how the renewable sources could displace the
natural gas in Ontario

The Ontario Energy Board's Mandate (Context)

8. To make the case for utilizing the five renewable sources I proposed that references to the
science literature and government records should be introduced to show that there is enough renewable
energy available, that it matches the timing of the energy demands in Ontario and that the electricity
that would be needed to boost the exergy of the local energy sources is already available in Ontario.
This information is available in government documents like NRCan's Comprehensive Energy Use
Database and the IESO web site (which shows that up to 15,000 MW of power is available in the
middle of the night for the exergy boost). This power availability is the sum of the unused hydro
capacity of the run-of-the-river hydro generators, the unused output of nuclear power stations that are
shut down in the spring and fall, and the excess power that is generated on most nights and exported to
get rid of it. Exergy stores can collect such excess energy and store it until it is needed.

8. The Board ruled that "Mr. Tomie shall not file the evidence set out in his letter of September 22,
2015 with the OEB." I have complied with that instruction. However, most of this evidence is readily
available to the Board from impeccable sources so it is not clear that it is necessary to include it in the
documentation.

9. The Board further ruled that "The OEB finds that Mr. Tolmie's issues relate largely to broader
questions of the future of electricity supply and demand in Ontario and hence are policy matters beyond
the OEB's mandate in the context of the particular applications before it in this proceeding." Apparently
my objective was not clear. Four of the five local energy sources are thermal sources that are too low in
temperature to be useful for space heating. That makes it essential to use the fifth source (underutilized
electricity) to boost the exergy of these four sources and that in turn makes it mandatory to explain how
a large amount of extra electricity could be extracted without making any changes at all to Ontario's
power generation facilities. Obviously that may well have an impact on electricity policies but the point
that I needed to make was that the five sources together will provide a superior and cheaper energy
supply that obviates the need for NEXUS.

10.  If the Board's mandate does not permit it to consider the interactions between electricity supply
and natural gas supply then it is difficult to see how the Board will be in a position to evaluate issues
like the need, benefits and costs of NEXUS. The gas that is delivered by NEXUS would be used for
both power generation and space heating, for which the demands are fluctuating independently, and
they are inherently interactive.

11. I will undertake to propose to the other appropriate agencies of the Ontario government that
they should conduct an Environmental Assessment of the pending switch from conventional natural gas
to shale gas. That switch clearly has important implications for the public that may be beyond the
OEB's mandate to consider, in which case decisions for applications like this one for NEXUS might be
declined or deferred until the EA has been completed.



Discussion

12.  There is currently a "gold rush" underway to expand the number of shale gas wells to produce
more natural gas, even though the supply already exceeds the demand, and to add more pipelines to the
maze of pipelines that have already been built over the past few years. Union and Enbridge argue that
they need yet one more pipeline in order to provide "diversity and reliability" of supply, and they need
a guarantee that the new pipeline costs will be approved for a very long 15 year period in order to
justify its construction. The OEB should question that need.

13.  According to industry experts like Dr. Robert Howarth this rush to produce more gas in a period
of protracted low gas prices has resulted in cost-cutting. In some US cases the blow-back gas after
fracking is being released directly into the atmosphere. In most other cases the blow-back gas is being
burned off rather than being recovered. The cost of recovering that gas is very high. In Alberta the
regulations require its recovery and that makes Alberta gas more expensive than US gas. In its
announcement this week the Alberta government has undertaken to reduce the Province's methane
emissions by 45%. Ontario needs to take that difference into account in choosing its sources of supply.
One of the few tools available to Ontario to encourage prudent procurement is to control the pipelines -
the gas that comes out of the pipeline is the same for conventional vs. shale gas.

14.  The growing capacity of the pipelines that will feed gas to Ontario will if it is utilized steadily
increase Ontario's GHG emissions. Those emissions are presently misrepresented by Ontario
government agencies, including the statement released yesterday by the Ministry of the Environment
and Climate Change in advance of next week's Paris Climate Change conference. The Ministry persists
in claiming that the GHG related to methane is the amount that comes from Ontario gas wells (which
are currently almost non-existent) rather than the wells that actually produce the gas. That problem is
aggravated by their use of a GWP of 25 for methane rather than the IPCC calue of 86 (20 yr. avg) and
by the omission of any value for the delayed emissions from shale gas. The government deserves to be
bluntly criticized for those practices, especially since they are likely to lead to excessive use of natural
gas (and particularly shale gas).

15.  While there may be a question as to which agency is responsible for choosing a strategy that
provides the least expensive, cleanest and safest energy, all agencies should be aware of the options and
should review them transparently. Local thermal sources are free, and they can be collected, stored and
recovered with a very modest capital outlay. The wholesale (IESO) nighttime price of the electricity
needed to operate exergy stores is always nearly zero, and for much of the year (like right now) it is
normally negative. The markup on this cheap electricity is so high that it deters the use of the very
energy sources that would make the most sense. In % of cost terms that markup is often infinite
because the IESO price is negative! It is the OEB that sets those markups in its reviews of LDC pricing.
Like the energy sources themselves the OEB decisions on gas vs. electricity are interactive.

Conclusion

The Board should deny these applications.



Appendix

The following paper from the journal Sustainability (published November, 2014), "A Dual Function
Energy Store" explains the principles of exergy stores, with photos and tables that show how local
thermal energy sources could almost completely replace the use of natural gas. It was co-authored with
Dr. Marc Rosen, a professor at UOIT and a former President of the Engineering Association of Canada,
who has written some of the standard university texts on energy storage, such as "Thermal Energy
Storage: Systems and Applications" (Wiley, 2011).
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Abstract: Heat can be collected from local energy sources and concentrated into a relatively
small volume, and at a useful working temperature, by using a heat pump as the concentrator.
That heat can be stored and utilized at a later date for applications like space heating. The
process is doing two things at the same time: storing heat and shifting the power demand.
The concentration step can be done at night when there is normally a surplus of power and
its timing can be directly controlled by the power grid operator to ensure that the power
consumption occurs only when adequate power is available. The sources of heat can be the
summer air, the heat extracted from buildings by their cooling systems, natural heat from the
ground or solar heat, all of which are free, abundant and readily accessible. Such systems
can meet the thermal needs of buildings while at the same time stabilizing the grid power
demand, thus reducing the need for using fossil-fuelled peaking power generators. The heat
pump maintains the temperature of the periphery at the ambient ground temperature so very

little energy is lost during storage.

Keywords: exergy; energy storage; ground energy; solar; space heating; air conditioning;

domestic hot water; demand reduction
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1. Introduction

Energy can be stored in the ground in the form of heat and the systems can be designed so that the
storage temperatures are suitable for meeting the thermal needs of the buildings they serve, so they
require little or no additional energy at the time of energy extraction. The timing of the thermal injection
is not critical so such systems can use electrically driven heat pumps to store the energy at times of
surplus generation capacity and subsequently withdraw the heat at those times when the energy demand
is high. The system is therefore accomplishing two tasks at the same time: storing the heat for when it is
needed and shifting the electricity consumption from high to low demand periods. The paper discusses
the design considerations and provides an assessment of what might be achieved if such systems were
widely employed in Ontario, Canada.

2. Concept

Buildings use energy in two forms: electrical and thermal, and the rate of consumption of both varies
with the seasons and the time of day [1]. The traditional way of handling those variations has been to
design the energy supply systems so that they are capable of meeting the peak demands. An alternative
approach is to use energy storage to flatten the temporal fluctuations in demand. That can be concurrently
accomplished for both forms of energy by employing what is called an exergy store [2]. An exergy store
collects heat from various sources around the buildings and stores that heat in the ground. At those times
when the demand for grid power is low a heat pump is employed to concentrate the heat into a smaller
volume in the ground and at a higher temperature, thus boosting its exergy. Such systems can be designed
so that the higher temperature will be suitable for directly heating the buildings. The consequence is that
very little electric power is consumed during the periods of peak energy demand and is instead consumed
only when ample power is available (primarily at night), thus in effect storing the electricity.

The concept can be extended to store cold as well as heat and to store heat at the temperature that is
needed for domestic hot water (DHW) so that nearly all of the thermal needs of the buildings can be met
using local thermal energy sources. In Canada those thermal needs for buildings are generally greater
than the electricity needs (for example, Ontario’s residential buildings use 88% of their energy in thermal
form and only 12% in electrical form [3,4]). Since a heat pump uses a small amount of electricity to
move a larger amount of thermal energy this imbalance opens up the potential to build systems that shift
power load to the nighttime, which is useful for the power grid, while concentrating a much larger
amount of thermal energy and raising its temperature, storing that energy for later use for heating
buildings. A single system is thus accomplishing two functions at the same time.

The storage system (Figure 1) has two rings of boreholes containing ground heat exchangers like
those used for ground source heat pump systems [S] (GSHP’s). The boreholes will vary in depth,
typically from 10 to 500 m, to match the storage requirement. The spacing between the two rings is
determined by the velocity of the heat flow, the objective being to retain heat that was injected in the
summer for use six months later during the winter.

During the daytime in the summer heat is extracted from a heat source (such as the air), transferred
into a heat exchange fluid, and then transferred into the ground around the outer boreholes. At night the
heat pump extracts this heat via the ground heat exchangers, raises its temperature, and transfers it into
a smaller volume near the center of the store. If the amount of heat that is extracted at night equals the
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amount that had been injected during the day then the peripheral temperature will remain at the ambient
ground temperature so none of the stored heat will be lost via the periphery. The purpose of the heat
pump is not to add energy but rather to concentrate the heat into a smaller, hotter region, thus raising its
exergy. The objective is to store the heat at a high enough temperature to enable its direct use for space
heating so that no power is required during the heat recovery stage (which normally coincides with
periods of high power demand). The power demand thus occurs at night when the grid power demand is
low. The system thus serves the dual purposes of storing heat for space heating and of shifting the power
demand from high grid demand periods to low demand periods. From the point of view of the grid
operator the effect on the power demand is the same as what would have been achieved if a battery had
been used to store power.

Figure 1. The basic principle of the storage system.
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Once the heat has been transferred into the core some of it will start flowing outwards again. However,
the spacing between the inner and outer boreholes has been selected so that it takes six months for the
heat to reach the outer boreholes. The heat has thus been trapped in the store for that length of time.
When the out-flowing heat reaches the outer ring the heat pump can once again return it to the center
but this time the added heat will not flow outwards because by then the general direction of heat flow is
always towards the central boreholes from which heat is being extracted to heat the buildings. The
returned energy and exergy are thus trapped close to the inner boreholes and can be recovered at a later
date. When the energy is recovered that part of the stored energy can be extracted at a relatively high
rate because that heat has been trapped close to the boreholes. Such systems are consequently capable
of delivering thermal power at a higher rate than GSHP’s. This effectively provides a very efficient
method for “storing” the electricity. The second pass through the heat pump increases the electricity
consumption so it reduces the seasonal coefficient of performance [6] (COP) but creating the ability to
“store” electricity on a daily basis is more important. The ability to extract heat at a high rate has another
benefit: it reduces the length of the ground heat exchangers. The cost of these ground heat exchangers
and of drilling the boreholes represents the dominant system cost. In such systems the cost of the energy
itself is zero so it is the capital cost and the cost of the electricity that determine the cost of the energy
they deliver. The nighttime cost of electricity is much lower than its daytime cost so both of the basic
costs are reduced.

One upshot of the concept is that no energy is lost through the periphery, which remains at or slightly
below the ambient ground temperature at all times. Some energy is lost through the top and bottom of
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the store but it is easy to insulate tubes at the top and to shorten the central boreholes to shape the
temperature profile at the bottom to minimize the loss in that region. Relatively little heat flows in those
directions anyway because their areas are so small compared to the area of the store’s periphery. The
end result is that this type of store loses very little of the energy that is injected into it.

The spacing between the outer boreholes must be close enough to prevent heat from flowing out
between them. During the daily cycle the temperature of the ground close to the boreholes will rise and
fall but the injection can be adjusted so that the average ground temperature (for Ontario) is 8 degrees
(about 2 degrees less than the ambient ground temperature) and that temperature will propagate out,
filling the space between the boreholes before any heat from the core reaches the periphery, after which
the out-flowing heat will be redirected to the outer boreholes and will be re-collected. In large systems
meeting this objective may require more than the 8 boreholes shown in the diagram but a large system
would require more boreholes anyway because it requires more heat exchanger length to handle the
greater energy transfer rate.

In practice space heating systems need to be able to handle very high peak loads on cold winter nights,
and the buildings also need hot water. Both of those functions can be provided by injecting solar heat
into the core of the facility as shown in Figure 2. During the summer the solar collectors will deliver
more heat than is needed for the hot water. This excess heat can be transferred to the storage zone used
for storing space heat, partly via heat conduction in the ground and partly by transferring some of it
directly to the middle ring of heat exchangers (indicated by the dashed line in the diagram). This solar
input peaks several weeks before the temperature of the air peaks so the solar heat should be injected
into the four holes that are slightly outside of the middle ring to flatten the temperature profile in that
region. A parallel plate heat exchanger should be used for transferring the heat from the solar collectors
so that the solar and heating flow loops can operate independently.

Figure 2. Diagram of a 20 borehole exergy storage system (including the solar component).
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A solar thermal collector feeding its output to a small group of boreholes would not normally attain
the required 60 degree ground temperature because the heat in the ground would flow away too quickly,
but by surrounding that borehole with a middle ring that will heat the ground to an intermediate
temperature (40 to 50 degrees) the desired core temperature can be achieved. Systems like the Drake
Landing [7] installation in Alberta have demonstrated that ground stores can be operated successfully at
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such temperatures. The link to the middle ring also provides a means of limiting the upper temperature
of the solar loop and of regulating the temperature of the central store.

This configuration provides long term storage of the solar heat and ensures that nearly all of the heat
supplied by the solar collectors is efficiently utilized either for DHW or for space heating. The core is
nominally 20 degrees hotter than the space-heat zone so it is capable of delivering heat at a very high
rate in support of the space heating loop when that extra heat is needed on very cold nights. Such a high
drain might temporarily drop the output temperature of the hot water loop but the hot water tanks in the
buildings will make up for such temporary drops (these tanks are ordinary hot water tanks with electric
heaters to ensure that they always maintain the required DHW temperature).

By early winter most of the heat that has been injected into the store will reside in the region between
the middle and outer rings (Figure 3). The challenge is to collect as much as possible of that heat by the
end of the heating season. As the winter progresses much of the injected heat will return to the middle
rings and will be extracted to heat the buildings. The balance will flow outwards and will be returned
(and trapped) by the heat pump so it too will be used for space heating. In the spring the output from the
middle rings can be allowed to drop below 40 degrees, partly because less heating will be needed by
then and partly because the central solar store provides a substantial backup capacity. There is little
chance that the store will run out of heat in the spring because the heat pump can also extract natural
ground heat which provides a large energy reserve.

Figure 3. The left half of the predicted temperature profile across the store on a sunny winter
day. The center peak is temporary because heat was injected earlier in the day.
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The diameter of the store will typically be in the range of 20 to 30 m and the depth can vary between
10 and 500 m, depending on the required storage capacity. For residential applications a convenient
deployment would be to use one store per city block. Where the store is to be retrofitted to an existing
set of buildings there will not always be sufficient space available to permit vertically drilled boreholes,
in which case a steerable drill can be used to minimize the access area for the drilling. The inner tubes
should use insulating sleeves for the top several metres. Such insulation is not needed for the outer tubes
because they operate at nearly the ambient ground temperature.

The design of the exergy storage system is derived from that of a “testbed” system that has been in
use for five years in Kingston, Ontario, shown in Figure 4. That system [8] delivers 25 kW of heat from
only 120 m of boreholes, for a ratio of 208 watts per metre, which is much higher than the rate of
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extraction that is normally achieved with ground source heat pump systems. Achieving a high extraction
per metre is important because the largest expense in building ground based systems is the cost of drilling
the boreholes and fitting their heat exchange piping. The “testbed” employs heat exchangers with
enhanced efficiency and a buffer that helps to flatten the diurnal temperature swings but the more
significant feature is the use of heat trapping in the volume of ground around the ground heat exchangers.
During the winter any heat that is injected into that zone is trapped there because the surrounding
temperature gradient drops in temperature as you approach the boreholes. Heat can only travel from hot
to cold regions so it cannot move away from the boreholes. Moreover, because it is contained so close
to the pipes it can be extracted very quickly, leading to the high 208 w/m extraction rate and in turn to a
comparatively low system cost.

Figure 4. The “testbed” system. The store is buried under the lawn (six boreholes, 20 m
deep). The air-heat collector is behind the bushes on the right. The heat pump is in the
basement. A pair of solar collectors is mounted on the roof (lower right).

The “testbed” system (diagram: Figure 5) uses heat extracted from the air with the 50 kW air-heat
exchanger shown in Figure 6, injecting that heat into the central region of the store. However, in that
type of system the central zone progressively heats up so that by mid-summer the rate of heat injection
is greatly reduced, limiting the annual storage capacity. That problem is eliminated in exergy storage
systems because the air-heat collectors inject the heat into a zone that is held at a constant 8 degrees C.

Although the “testbed” has only six boreholes it has established the feasibility of utilizing the four
local energy sources, of being able to store the heat in the ground with low losses, and of being able to
achieve the very high heat exchange rates needed to minimize the required borehole length.
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Figure 5. Diagram of the earlier “atmospheric energy” type of system.
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Figure 6. Photo of the 50 kW air-heat collector.

3. The Four Local Thermal Energy Sources

The designer of an exergy store can choose from four sources of heat (Figure 7):

(a) Solar heat. A heat pump that is using heat that is extracted from the ground at 8 degrees cannot
readily raise the central temperature to the 60 degrees C that is needed for DHW. However,
conventional solar thermal collectors are suitable for that task, and they operate very efficiently
in this application because their excess output in the summer contributes to the heat that is stored
for space heating. Moreover, the hot solar-heated core provides a large reserve of heat that can
be used to boost the space heating capacity on very cold winter nights.

(b) Heat from the air conditioning system. This needs a heat sink that operates at 4 to 8 degrees.
Normally the loop for the outer boreholes operates at 8 degrees but when hot weather is expected
the control system can be used to temporarily drop the loop temperature to 4 degrees. Since the
change is only temporary it will not significantly affect the peripheral temperature.
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(a) The generation system does not need to handle large peak loads and it does not need to maintain
a large excess in capacity in order to handle unanticipated demands. At the present time the
available generation capacity in Ontario is commonly more than 10,000 MW greater than the
actual rate of consumption. Reducing the need to maintain a large generation capacity in order
to cope with the possible peak demands would reduce the capital cost of the generation facilities.

(b) The productivity of the nuclear, hydro and wind stations could be improved because their
potential nighttime output would be profitably employed.

(c) Stabilizing the daily and seasonal demands would stabilize power prices, eliminating the
substantial price fluctuations that often occur at the present time.

(d) Reducing the demand fluctuations and employing local storage reduces the cost and complexity
of the power distribution grid.

5. Design Considerations
5.1. Space Heating

Space heat distribution systems that employ heat pumps generally work at lower temperatures than
conventional (“boiler”) systems because the heat pumps are not capable of operating efficiently if they
are required to work with large temperature differences between the heat source and the heat sink.
Distribution systems that operate at 40 degrees C appear to be a reasonable compromise, using hydronic
distribution loops to feed the heat to regional air handlers that provide the local heat distribution. The
challenge is to maintain the space heating loop at 40 degrees or more throughout most of the heating
season, although it could be allowed to drop below that value at the end of the season because of the
lower heating demand.

During the heating season, heat flows from the hot central core to the middle ring. Heat will also flow
from the annulus between the middle and outer rings. By the end of summer enough heat must have been
injected into this annulus to raise its central temperature well above 40 degrees but as the heating season
progresses that temperature will fall as the heat flows in both directions. During this period the heat
pump concentrator will return the heat that has reached the peripheral ring. These three sources need to
provide enough heat to keep the system within its intended operating range. During the winter there will
be periods of very cold weather and during those periods extra heat can be drawn from the hot core,
which has a high storage capacity and can deliver heat at a very high rate when required. Since we have
no control over the heat delivery rate of the other three sources the heat from the core also provides a
means of providing temperature control. It is not essential to always maintain the core temperature at
60 degrees because the hot water tanks would safely take care of the water temperature until the solar
thermal collectors can restore equilibrium.

5.2. DHW

Solar thermal collectors are about six times more energy efficient than solar PV collectors so a solar
thermal array on a house will be much smaller than a typical 10 kW solar PV array even though it is
delivering more energy. Moreover the heat is being stored so the availability of hot water is stable, with
the caveat that an extremely cold night could cause a temporary core temperature drop because of the
redirection of heat to the space heating loop. The sizing of the solar array is determined by the demand
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(c) Heat from the summer air. This is a virtually unlimited source of energy that is easy to exploit in
this kind of system because the outer ring, into which the heat from the air-source heat exchangers
is to be deposited, is always at a low temperature.

(d) Natural heat from the ground. This provides insurance against situations where the amount of
injected heat is exhausted for reasons that were unforeseen. There are some applications in which
natural ground heat would be useful as a major energy source.

Figure 7. The input/output parameters.
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In some cases the solar collectors might conceptually be replaced by using a second heat pump to
transfer heat from the middle zone of the store to the core. That boosts the time-shift capacity for power
but to compensate for the loss of the solar input extra heat will be needed from the other local energy
sources. This extra heat can be drawn either from the ground or from the air, the choice being dependent
on local circumstances. The use of a second heat pump is particularly attractive in situations where there
might be a substantial surplus of power at night, for example in an area with many wind turbines.

This ability to utilize heat from a variety of local sources makes it possible to adapt exergy stores for
a wide variety of situations and also to match the electricity supply and demand for fixed output power
sources (nuclear and hydro) and as well as for fluctuating sources like wind turbines.

In Ontario there is frequently an excess of electricity generation capacity during the night, when the
power demand is low, and this excess generation capacity is currently being wasted, either by throttling
back the generators or by exporting the excess electricity at a low price. Adding storage to the energy
supply system makes it possible to utilize that wasted generation capacity.

4. Reducing Power Demand Fluctuations

The power demand cycle in Ontario goes through two seasonal power demand peaks, one in the
summer that is caused by the power consumption of air conditioning equipment and one in the winter
that is caused by the use of electricity for heating. Both demand peaks could be reduced and eventually
almost eliminated by using thermal stores to meet the heating and cooling needs. In addition there is
another wide swing in power consumption that occurs on a daily basis and is caused by the normal
daytime activities in homes, offices and factories. By shifting a large part of the power load to the
nighttime period that daily demand swing can also be flattened.

Flattening the demand swings does not reduce the amount of energy that we use on an annual basis,
but it does have four important consequences:
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(a) The generation system does not need to handle large peak loads and it does not need to maintain
a large excess in capacity in order to handle unanticipated demands. At the present time the
available generation capacity in Ontario is commonly more than 10,000 MW greater than the
actual rate of consumption. Reducing the need to maintain a large generation capacity in order
to cope with the possible peak demands would reduce the capital cost of the generation facilities.

(b) The productivity of the nuclear, hydro and wind stations could be improved because their
potential nighttime output would be profitably employed.

(c) Stabilizing the daily and seasonal demands would stabilize power prices, eliminating the
substantial price fluctuations that often occur at the present time.

(d) Reducing the demand fluctuations and employing local storage reduces the cost and complexity
of the power distribution grid.

5. Design Considerations
5.1. Space Heating

Space heat distribution systems that employ heat pumps generally work at lower temperatures than
conventional (“boiler”) systems because the heat pumps are not capable of operating efficiently if they
are required to work with large temperature differences between the heat source and the heat sink.
Distribution systems that operate at 40 degrees C appear to be a reasonable compromise, using hydronic
distribution loops to feed the heat to regional air handlers that provide the local heat distribution. The
challenge is to maintain the space heating loop at 40 degrees or more throughout most of the heating
season, although it could be allowed to drop below that value at the end of the season because of the
lower heating demand.

During the heating season, heat flows from the hot central core to the middle ring. Heat will also flow
from the annulus between the middle and outer rings. By the end of summer enough heat must have been
injected into this annulus to raise its central temperature well above 40 degrees but as the heating season
progresses that temperature will fall as the heat flows in both directions. During this period the heat
pump concentrator will return the heat that has reached the peripheral ring. These three sources need to
provide enough heat to keep the system within its intended operating range. During the winter there will
be periods of very cold weather and during those periods extra heat can be drawn from the hot core,
which has a high storage capacity and can deliver heat at a very high rate when required. Since we have
no control over the heat delivery rate of the other three sources the heat from the core also provides a
means of providing temperature control. It is not essential to always maintain the core temperature at
60 degrees because the hot water tanks would safely take care of the water temperature until the solar
thermal collectors can restore equilibrium.

5.2. DHW

Solar thermal collectors are about six times more energy efficient than solar PV collectors so a solar
thermal array on a house will be much smaller than a typical 10 kW solar PV array even though it is
delivering more energy. Moreover the heat is being stored so the availability of hot water is stable, with
the caveat that an extremely cold night could cause a temporary core temperature drop because of the
redirection of heat to the space heating loop. The sizing of the solar array is determined by the demand
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for water heating during the winter. If the collector is capable of meeting that demand then it will be
delivering a considerable excess of heat in the summer and that extra heat flows out to (or is deliberately
fed to) the space heat storage zone. The diameter of the central solar heat storage column should be
chosen so that heat just reaches the space-heat ring at the beginning of the heating season, when that heat
will be needed.

5.3. Cooling

Very large buildings need more cooling (on an annual basis) than heating, even in a cold country like
Canada. For such buildings a second exergy store can be installed with its heat pump working in the
opposite direction. An air-heat exchanger is used to chill the periphery in the winter and the heat pump
is used at night to bring the peripheral temperature back to the ambient ground temperature value, which
chills the core. In cases that require extreme peak cooling part of the demand can be met by freezing
water at night and using the extra stored cold for cooling during the day, a practice that is well established
and that provides a counterpart to the hot core in the heat stores previously described. Normally buildings
that use “cold” stores will also require regular “hot” stores as well in order to provide DHW, and for
space heating during the coldest part of the winter.

In Canada most buildings require an annual net input of heat, especially for houses, so in general the
stores should be primarily designed to store heat rather than cold. For most of the year the peripheral
temperature of the store (typically 8 degrees) will be sufficient to provide adequate cooling but that will
not be true on the hottest summer days. The proposed solution is to take advantage of the reasonably
accurate predictions of future regional temperatures. The air-heat injection would be cut back in
anticipation of a coming hot spell so that the heat pump will pre-cool the ground close to the outer
boreholes, chilling the nearby ground to 4 degrees or lower, with the heat deficit being adjusted to
match the expected future cooling need. When the hot weather arrives the heat deficit will be erased and
the system will return to normal. Since such events are transient the ground temperature in the zones
between the boreholes will be only slightly affected so there is no significant change in the peripheral
heat balance.

Some buildings fall into an intermediate category where the winter heating and summer cooling
require about the same amount of energy. In that case the heat can simply be shuttled back and forth
between the buildings and the ground. Small imbalances can be handled by using natural ground heat,
accomplished by adjusting the temperature of the outer ring by controlling the operation of the heat
pump concentrator.

6. Scope for Applications

The potential for shifting power demand from power-deficient periods to power-surplus periods can
be estimated from the statistics for energy use. For example, Ontario uses 110 PJ/year of electricity
for thermal applications [9—14] (Table 1). Of that roughly 85 PJ/year will be consumed during the
power-deficient part of the day so that represents the amount of electrical energy that could be
time-shifted. If you add the energy supplied by natural gas the total energy consumption for the thermal
needs is 657 PJ/year (Table 2).
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Table 1. The electricity consumption in Ontario in 2011 for thermal applications in the
Residential and Commercial/Institutional Sectors.

Application and Building Type PJ/Year

Electricity used for heating in residential sector 36.4
Electricity used for heating in commercial/institutional sector 14.5
Electricity used for cooling in residential sector 16.1
Electricity used for cooling in commercial/institutional sector 31.9
Electricity used for water heating in residential sector 9
Electricity used for water heating in commercial/institutional 2.3
Total electricity used for thermal applications in 2011 110.2

Note: The total electricity consumption for all applications was 326.6 PJ/year.

Table 2. The total energy consumption (including natural gas) in 2011 for the building sectors.

Application and Building Type PJ/Year
Total energy used for heating in residential sector 339.6
Total energy used for heating in commercial/institutional sector 119
Total energy used for cooling in residential sector 16.1
Total energy used for cooling in commercial/institutional sector 33.9
Total energy used for water heating in residential sector 110.2
Total energy used for water heating in commercial/institutional sector 38.3
Total energy used for thermal applications in 2011 657.1

In Ontario about 72 PJ/year of extra generation capacity (Table 3) could be utilized if storage is
employed to make use of the nighttime surplus generation capacity. Adding that to the 85 PJ/year of
time-shifted power brings the total to 157 PJ/year of electric energy that would be available at night to
drive the heat-pump concentrators.

Table 3. Extra electricity that could be available if surplus energy is stored.

Potential Source of Extra Electricity Generation PJ/Year
Surplus baseload hydro (OPG data) 4
Surplus baseload hydro from other hydro sites (projected) 2.7
Surplus power dumped via exports 65.6
Surplus wind power not available
Unused nuclear capacity ' not available '
Total 72.3

Note: ! Ontario’s nuclear generation capacity is 12,947 MW (IESO data) but during periods of low demand the
generation falls to the 8000’s, and on a daily basis the nighttime generation is usually less than the daytime
generation, indicating that the nuclear stations are being throttled back. This is likely to be the largest factor

but the data is not currently available.

The total energy consumption for thermal applications in the residential and commercial/institutional
buildings sector is 657 PJ/year. Ontario’s consumption of energy for DHW is 149 PJ/year [12,15] but
about twice as much heat will be needed from the solar collectors to make up for the solar heat that is
used for space heating so the balance of heat that should come from the heat pump concentrators amounts
to about 359 PJ/year.
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Given a net demand of 359 PJ/year and an available extra electricity supply of 157 PJ/year the
required seasonal COP for the heat pumps (for Ontario) would be only 2.3, which should be a readily
achievable objective. If the COP were to exceed that value then there would be a surplus of electricity
that would be available for other applications. That extra electricity would be in addition to the
657 PJ/year of thermal energy being delivered to buildings from presently underutilized local energy sources.

7. Conclusions

The concept opens up the potential for reducing both the capital cost and the operating costs for
energy in both electrical and thermal forms, for reducing the need for fossil-fuelled peaking plants, for
minimizing the GHG production attributable to the buildings sector, for achieving higher efficiencies
with our existing power generators, for making better use of intermittent power sources like wind
turbines, and for building permanently sustainable clean, reliable, unobtrusive energy systems.
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