Appendix A - Exergy storage: Suggested topics

(Note: this is a background note that was prepared for IESO)
1) Supply adequacy

This past summer has illustrated the potential for employing local energy storage very well. There have
been many hot days for which the outer ring of a ground-based exergy store could have served as the
heat sink for air conditioning systems, eliminating the present waste of electricity that drives air
conditioning systems. For large buildings the heat extracted from the buildings in the summer could
subsequently heat the buildings in the winter. For smaller buildings the substantial temperature
difference between the local air temperature and that of the ground near the outer ring makes it easy to
add whatever amount of additional heat is needed to provide heating during the winter. Both cooling
and heating are scalable to handle any future population growth in Ontario.

Exergy stores provide a permanent solution for how we can heat and cool our buildings, and can be
extended to provide domestic hot water as well. The total energy demand for those purposes in 2011
was 183,000 GWh for Residential and Commercial/Institutional buildings (NRCan Energy Database).

(2) "Black-box" performance

Exergy stores collect and store energy in the forms of both heat and electricity but the electricity is not
recovered by converting heat back into electricity but rather by reducing the demand for electricity, by
enhancing the output from existing power generators, by shifting the demand peaks and by re-
purposing the existing storage capacity of the power dams. The "black-box" diagram illustrates how
this can be accomplished:
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The exergy store accumulates both heat and exergy (which contributes the power) at times when they
are plentiful and the store returns both the heat and the electrical benefits according to the fluctuations
in demand. The demand reduction and the supply enhancement (and the reduction in transmission
losses) have the same effect on the power grid as might be achieved by expanding the power generation
capacity - but no new generators need to be built.

For 365 days a year Ontario's electricity demand fluctuates in a consistent fashion, with a deep drop in



power demand between the hours of midnight and 6 AM (the period during which the exergy store heat
pumps operate). This fluctuation is presently mostly handled by employing ponding storage in
Ontario's power stations but since the demand dip is reduced by the demand of the heat pumps and the
peak demands are reduced by the reduction in the power demand for thermal applications the ponding
storage can be rededicated to new applications. The system is thus capable of coping with varying
supply from sources like wind turbines as well as varying demand, which would eliminate problems
like excess nuclear power being generated at night.

This diurnal storage capability is accomplished along with the seasonal storage capacity that would
enable Ontario to store summer heat for use in the winter and to store electricity generated during the
spring river runoff. Intermittent energy sources such as those from windy or rainy days could likewise
be stored for later use.

3) Demand peak shift vs. providing over 30,000 MW of peak power

Ontario's current assumption is that the power generation system must meet the maximum potential
demand, but a large part of that demand serves thermal needs (cooling, heating, DHW). If you relieve
the thermal needs then the daily and annual demand fluctuations become much flatter, and that
flattening can be further enhanced by controlling the timing of the demand. Instead of needing 30,000
MW of generation capacity that figure could be cut in half, with a consequent large reduction in the
cost of the generating facilities.

4) Exergy store costs

An exergy store basically consists of 8 boreholes with heat exchange tubes (identical to millions of
existing ground heat exchangers used for GSHP’s) and conventional heat pumps that operate at
conventional temperatures and power ratings. As noted they provide five large scale economic benefits
for which the cost per MW (or MWh) is much smaller than the cost of the currently favoured
alternative of adding new generation to meet demand. For the near future the nuclear generation
stations exist and most are being considered for a last round of refurbishments so an alternative that
might be considered would be for Canada to export electricity to the US, bearing in mind that Quebec
and Manitoba would also make their generation facilities more efficient if they employed exergy stores.
Exporting energy in the form of electricity might be just as profitable as the export of fossil fuels.

If Ontario used local thermal energy instead of natural gas then in addition to reducing the thermal
demands for gas by 183,000 GWh the province would also reduce the peak electrical demands by about
31,000 GWh (2011 data).

The cost of expensive components like the NEXUS and Rover pipelines could be avoided. The 15
billion dollars in planned expenditures for transmission facilities would likewise be avoided, not to
mention much of the 26 billion dollars in planned expenditures for reactor refurbishments.

The savings in electrical and gas transmission lines plus the savings from peak shifting would be much
larger than the capital costs of the exergy stores so the benefits of the demand reduction, the enhanced
generation and new electricity storage would all be gravy. Potentially residents could enjoy radical
reductions in the costs of both power and heat, and Ontario's economy would be much stronger as a
result.



(5) Obstructions

The primary costs of exergy stores are the operating cost, which consists mainly of the cost of the
electricity needed to run the heat pumps, and the capital cost of the stores. The wholesale price of the
nighttime electricity is virtually zero but that power is subject to a "tax" of about 14 cents per kWh. The
merits of applying such a huge tax for nighttime power in the face of the extremely low prices for
natural gas are highly questionable.

If a building owner were to build an exergy store that owner would get the thermal energy from the
store but none of the five electrical benefits shown in the black-box diagram. All of those benefits
would go to the various agencies that make up the regulated power generation system in Ontario. The
obvious solution would be for the power companies to build the exergy stores and to leave the
operating costs to the building owners (but with a more rational price for nighttime power).

These obstructions in both the operating costs and in the capital costs are the direct result of failures in
Ontario policies. The province could readily provide all of its heat and power from local resources and
at much lower costs if more rational policies are adopted.

(6) Environmental considerations

Exergy stores could quickly eliminate the need for peaking power stations (powered by natural gas and
oil) and over a longer period the use of fossil fuels for heating could also be almost completely phased
out. Ontario presently has no plan that is capable of meeting its 2050 target of an 80% reduction in
GHG emissions. Some elements of such a plan will be very difficult to meet - there are no serious
alternatives for airplanes and some industries need fossil fuels for chemical reactions or for high
temperature applications - so the rational 2050 target for power and buildings should be as near zero as
possible. The key points to be made are that such reductions for those two sectors are entirely feasible
and that they offer the potential to save many tens of billions of dollars in the process.

Canada (and Ontario) have undertaken to adopt all reasonable measures that might contribute to
holding the global climate change rise to as close to 1.5 degrees as possible. Ontario is in the process of
switching to fracked gas that will release a large amount of unrecoverable methane that is presently just
ignored by governments and the natural gas industry. That problem is compounded by the Ontario
government's practice of also ignoring the upstream fugitive emissions from the stream of recovered
gas plus the use of an incorrect GWP value for the methane in the gas. It would be impossible for
Ontario to meet its obligations under the terms of the Paris Agreement if it continues its present
practices (and would probably be impossible even if it continues to grant such huge loopholes in
reporting to the gas industry).

The "too big to fail" argument applies not just to banks but to the shale gas industry as well, especially
in the US. However, once it is realized that shale gas is not a viable source of energy it is likely that the
US will restrict the production of such gas, particularly for non-US users. We can avoid the dangers of
such a situation by using local thermal energy as an alternative, and as noted above that might also
create a potential large export market for Canadian electricity.

(7) Sustainability

Even supporters of natural gas refer to it as a "bridge" energy source - something that we will use only
until something better comes along. Given some changes in government policies local thermal sources



provide a better option, especially in Canada (where we need a lot of thermal energy and we already
have a lot of complementary hydro power).

The sustainability of nuclear power in Canada is debatable. Canada as a whole already produces more
than 60% of its electricity from hydro sources, and if it widely employed exergy stores then the five
electricity supply features would enable the existing hydro stations to meet all of Canada's near term
needs for electricity, with the potential for employing irregular sources like wind turbines being
enhanced by the storage functions for the more distant future. We could certainly get along without any
nuclear power. Considering the shift to nighttime power transmission such a change does not imply that
Ontario might be vulnerable to problems arising from imports from Quebec and Manitoba.

System design
There are various designs that can be employed, depending on the size of the buildings, the local

generation facilities, the comparative feasibility of installing the solar collectors, etc. The following is
expected to be the most common configuration in Ontario:
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The spacing between the rings must be great enough so that heat injected into the inner ring does not
reach the outer ring until after the air conditioning season is over. The heat pumps operate only between
midnight and 6 AM but power can be absorbed at any time as needed via the electric heater in the iso-
thermal tank. Any excess energy (after the heat of fusion capacity has been met) is fed to the inner ring
and this also handles any excess solar input. Some heat is withdrawn from the iso-thermal tank to
regulate the building heating loop. The rings normally require only four boreholes per ring but more
may be needed for high power applications. The storage capacity can be varied by altering the depth of
the boreholes or by increasing the size of the inner ring while retaining the spacing between the rings.
The diameter of the borehole field is about 5 metres. The heat pump operates in all four seasons: to
acquire heat in the summer, to boost the exergy of the stored heat in the fall, to maintain the heating
capacity in the winter and to recover to the starting temperatures in the spring. So long as the direction
of heat flow around the periphery is towards the center no heat will be lost via the periphery. The solar
thermal input (a conventional solar collector) compensates for the extra consumption of electricity,
provides a higher temperature for hot water, regulates the heating loop and provides peak energy during
the late winter period.

The design details are less significant than the evaluation of the potential of the general concept so the
starting point should be the consideration of the black-box diagram.



Appendix B - Additional Considerations

Appendix A shows how exergy stores can provide three thermal benefits to building owners plus five
electrical benefits to the electricity supply system. There is a ninth benefit that has almost no associated
cost but should in future provides benefits to both building owners and electricity suppliers. Ontario is
in the initial stages of implementing a cap and trade program. The impact estimates are not yet
available but presumably it will have the same general effect as a carbon tax, which typically amounts
to about $50 per tonne of CO2 or equivalent. Normally such GHG "tax" systems pass the benefits on to
the parties that create the GHG reductions.

Ontario presently consumes 1.4 Tcf of natural gas per year. Burning that gas to heat buildings and
produce power is generating about 77 million tonnes of CO2 per year. About 3.5% of the gas escapes
from the recovery pipeline (mostly outside of Ontario). Using the IPCC GWP value of 86 for the
equivalence of the methane that escaped (fugitive) gas is producing an additional 232 million tonnes of
CO2(equivalent), for a total of 309 million tonnes. At $50 per tonne the value of the GHG reduction
should be something like 15 billion dollars per year. That should be enough money to pay for the
capital costs of exergy stores for all of Ontario's buildings, so the other eight benefits could
theoretically be free if the C&T program functions as intended. A C&T system relies on polluters as the
source of funds so eventually the funding will dry up but that change is decades into the future.

Actually the potential GHG reductions will be considerably greater as Ontario moves to shale gas. The
fracking process releases gas from the rock but only a part of the released gas is captured via the drill
pipe. Some of the remainder is still trapped in the rock but a substantial part of the released gas escapes
the recovery process and will eventually find its way to the surface, often bubbling out of the ground,
being caught in water supply systems, leaking via the thousands of rusty pipes, etc. This "delayed
escape” is expected to be considerably greater than the fugitive emissions but it is not likely that it will
ever be traceable to any particular drilling operation and that makes it difficult to apply a C&T or
carbon tax to that type of emission since the polluter cannot be identified.

Shale gas is an unacceptable source of energy

The escape of that released gas may not be traceable to any particular operator but it is nonetheless a
very real source of GHG, and together with the fugitive emissions and the combustion CO2 it makes
shale gas an unacceptable source of energy. The fugitive emissions can indeed be reduced by
employing wellhead capture equipment if state governments were to apply suitable regulations but the
much larger delayed emissions pose an intractable problem for which there is no known solution.
Proponents of natural gas argue that we should temporarily use the shale gas anyway "because there is
no economically viable alternative" but exergy storage does provide such an alternative.

Exergy stores are currently the only viable alternative to natural gas

The most commonly cited "green" alternative is to build super-insulated homes that employ ground
source heat pumps for heating and cooling, but rebuilding Ontario's entire building stock is not
economically feasible and GSHP's lack the essential ability to replenish the extracted heat at adequate
rates. Exergy stores can be retrofitted to existing buildings and they do not suffer from such
replenishment limitations.



However, if Ontario proceeds with its present plans (based on the dominance of nuclear power) that
will block the potential to employ exergy stores, which depend on linking the thermal and electrical
systems. Canada has more than enough hydro generation capacity to meet 100% of our needs providing
the nine exergy store contributions to the grid are implemented. However, If OEB and the Ministry of
Energy guarantee the revenues of OPG and Bruce Power then Ontario residents will be obliged to pay
for the extremely high cost of nuclear power and we will be stuck with natural gas for heating along
with the inevitable crisis that will occur when the gas lines are shut down. It is vitally important that
Ontario should not permit that blockage to be put in place.
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