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Transforming Saskatchewan'’s Electrical Future

Plugging the Gap:
Sustainable Power Options
to Complement Wind and Solar

This paper is part four of a five-part series on
the potential for a sustainable electricity grid in
Saskatchewan. Previous papers in this series have
addressed the need for a radical change to the
philosophy behind Saskatchewan'’s electricity
generation,' the potential for efficiency and con-
servation savings? and the role which may be
taken by variable renewables (wind and photo-
voltaics).?

In my discussion of wind and photovoltaics in
part three, | noted the need for dispatchable
(i.e. quick-response) power sources to partner
with the variable renewables (wind and solar) to
ensure power security for customers. In the short
term, this role may be taken by “natural” (i.e.
fossil) gas and by existing hydroelectric facilities.
However, there will be a requirement to build
capacity, as dispatchables become more impor-
tant in a renewables-based system than they have
been in the existing system founded on coal-
fired “baseload”. Additionally, in order to reach
the greenhouse gas emissions targets necessary
for maintenance of sustainable human civiliza-
tion worldwide, use of natural gas will need to
be phased out (though, on account of its lower
emissions per kWh, less urgently than coal).

One purpose of this paper, therefore, is to inves-
tigate some of the options for power which is
(i) dispatchable and (ii) sustainable into the fore-
seeable future. The full range of potentially real-
istic options are discussed on page 4 onwards.

There is a further task which is necessary to
any consideration of renewable energy in

Saskatchewan. A review of options should start
with those characterized by plentiful resources.
Aside from wind and solar, the most obvious
renewable energy resource in the province is
biomass — energy from renewable sources of
biological origin. In principle, a low population
density permits consideration of a much greater
penetration of biomass options into the energy
market than would be possible in most other
developed economies. However, there are con-
straints on biomass production which do not
apply in other areas — for example, the require-
ments of agriculture and of a diverse ecosystem.
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Therefore this paper’s second, overlapping,
purpose is to consider the possible role of both
dispatchable and non-dispatchable biomass
energy options. This will be addressed in detail
on page 8.

Sustainable Options
for Dispatchable Power

There is only a limited number of potentially
viable technologies which either provide dis-
patchable generating capacity or else render
variable sources dispatchable. These are:

i) Various fuels of biological origin, in gas-
eous form. These are discussed in detail on
pages 8-13.

ii) Dammed (and, to a limited extent, run-of-
river) hydroelectric plants.

iii) Storage, either integrated with wind or photo-
voltaic facilities, or else as a separate facility on
the grid: this is not a dispatchable source in
itself, but can render wind and photovoltaic
dispatchable.

iv) Concentrating solar thermal technology.
v) Hybrid systems.

Options (ii) to (v) are treated in reverse order in
the sections which follow.

Concentrating Solar Thermal
and Hybrid Systems

In a concentrating solar thermal (CST) plant,
mirrors are used to focus the sun’s rays into a
target area. A number of options exist, depending
on the geometry of the collector system used.*

With one exception (a research installation in
Julich, Germany® — at about 51 deg north), all
currently functioning CST power stations are at a
lower latitude than Saskatchewan, and generally

in areas with markedly higher annual insolation
(total solar radiation).¢ Existing North American
facilities are all in the southwestern United States
or Hawaii; the majority of European CST schemes
are in Spain, supported by a generous feed-in
tariff. A sunny climate is clearly important to the
success of this type of project — actually more so
than for other solar technologies because cloudy
skies make it difficult or impossible to reach the
“target” temperature necessary to achieve any
electrical generation at all (whereas for photo-
voltaics the output is merely reduced in diffuse
radiation). Latitude also makes a difference — at
high latitudes, the ability of the facility to gener-
ate power in winter is limited because of short
daylight hours. (The Jilich solar tower produces
solar power for only about two-thirds of the
year.) While it is possible to reduce the temper-
ature required for power production by making
use of Organic Rankine Cycle (ORC) technology
or Stirling cycles instead of a conventional steam
turbine, and hence increase the number of days
of operation per year, this approach reduces
overall efficiency on high-production days.

Hence it is reasonable to assume that this tech-
nology’s time has not yet come in Saskatchewan.
However, it remains a possible future option.

High-temperature thermal storage can enable
power production to continue for hours or in
some cases days after the end of a good sunny
period: this gives the technology some degree
of dispatchability. It is also possible to develop
a hybrid system, in which auxiliary heating (for
example, by bio- or fossil gas) is used to ensure
continuous operation.

Another technology with potential for use in
hybrid systems is deep geothermal heat extrac-
tion.” Again, temperatures in Saskatchewan’s
deep geothermal aquifers are not adequate for
electricity generation: if not used solely for space
heating, this resource could be used for preheat
for conventional thermal turbines.
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Storage

Energy storage on a scale relevant to a provincial
grid is not impossible. While it can add to the
financial cost of electricity grid development and
maintenance, the resulting per-kWh price rise for
the customer does not need to be prohibitively
expensive, as money spent on storage can be at
least partially offset by savings on capacity and
on operation of “peaking” units.® However, it is
likely to imply significant environmental costs —
for example, in mining and refining of metals
for batteries, or in landscape and water flow
alteration for pumped storage. Hence it is not
recommended here as the first course of action
in firming up variable sources, but can still play
an important role and will certainly be needed
during the later phases of the transition to sus-
tainability. Options suitable for grid-scale electri-
city supply management include the following:

Pumped Hydroelectric Storage: Water is pumped
uphill into a reservoir during times when power
production exceeds demand; it is then released
through a turbine generator into a lower reser-
voir at times when demand exceeds production.’
This option is common in mountainous jurisdic-
tions,'® but in Saskatchewan a more appropriate
location could be a decommissioned mine, with
the upper reservoir on the surface and the lower
reservoir underground.

Redox Flow Batteries: A flow battery (or flow
cell) is similar to a rechargeable battery — energy
is stored by converting from electrical to chemical
energy, and released by reversing the process."
However, in a flow battery, the chemical changes
occur within tanks of dissolved metal salts rather
than at metal electrodes: this means that the elec-
trical capacity of the battery may be increased
merely by increasing the volume of fluid in the
tanks (as opposed to adding more batteries),
and so significant economies of scale are pos-
sible. (Flow batteries are also similar in design
to fuel cells in that the two electrolyte tanks are
separated by a proton exchange membrane.)

A promising option is the redox vanadium flow
cell, which makes use of the ability of vanadium
to exist in four different oxidation states.!? It was
first developed for an experimental project in
Australia in the 1980s, and has now been com-
mercialized in Austria, Ireland, China, Thailand
and the United States.

Advanced Rechargeable Batteries: The options
currently viewed as most promising are lithium-
ion cells (used on a smaller scale in laptop com-
puters, cellphones and some hybrid vehicles) and
sodium-sulphur cells (which use molten sodium
metal at a temperature of 300 to 350°C, and so
are suitable only for large-scale operations). One
promising option (in that it significantly reduces
costs to the utility company) is to make use of
the large battery assemblies in plug-in hybrid
vehicles to store and release grid power when
not in use for transportation.

Compressed Air Energy Storage (CAES): Air is
compressed in underground caverns and then
released as needed though a gas turbine. In most
existing schemes, natural gas is used to supple-
ment output: hence this is not necessarily a fully
renewable option.™

Flywheels: Surplus electricity is used to power a
motor/generator, which drives a rotating cylin-
der enclosed within a low pressure or a vacuum
environment. The motor driving the flywheel
acts as a generator when power is needed.
This option is of use only for short-term power
smoothing, not for long-term storage.'

Supercapacitors: Two plates, separated by an
electrolyte, are used to store electric charges
of equal and opposite magnitude. During dis-
charge, the built up charges on the plates create
a current.'s Supercapacitors are best suited to
applications of short duration.

Hydrogen Storage: Water is converted, by
means of electrolysis, into hydrogen and oxygen.
The hydrogen is stored in compressed form, and
is used to generate power when needed using a
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fuel cell or a reciprocating engine. Despite much
publicity about “the hydrogen economy”, this
is probably the least promising storage option
because of low conversion efficiencies and the
complex logistics of setting up electrolysis facili-
ties and distribution systems.'”

Hydroelectricity

Hydro plants may be categorized as one of two
types. In dammed hydro plants, it is possible to
control water levels in a reservoir (or sometimes
a natural lake) above the turbine, and hence also
the flowrate through the turbine. In run-of-river
plants, there is minimal modification to natural
river flow. The latter clearly cause less disruption
to the local ecology (provided they are subjected
to proper assessment at the application stage),
and so also have a lesser impact on indigenous
people in the north, whose way of life depends
on reliable availability of fish, beaver, moose, etc.
Because of its impact on both human societies
and ecological systems, new dammed hydro
cannot generally be regarded as sustainable
(unless constructed in less sensitive locations,
and with the full, active, willing and informed
involvement of local indigenous people after a
process of true consultation involving the whole
community). While there is some potential for
new run-of-river plants in Saskatchewan, it is
highly unlikely that new dammed hydro could
be part of our plan.

(if‘-‘ v
) T
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plant in Scotland.

Cuileig run-of-river hydro

Unfortunately, however, hydro is consider-
ably more dispatchable when it makes use of
the large energy storage facility created by a
dam. Run-of-river plants can store only limited
amounts of water, and only for 48 hours® —
useful for smoothing out small daily fluctuations
in wind power but not large-scale variability.
Hence the possible contribution of existing and
new Saskatchewan-generated hydroelectricity is
real but limited. (Such projects should, however,
be actively pursued — provided that, wherever
they lie in traditional First Nations and Métis
hunting, trapping and fishing territory, those
communities are fully consulted, fully in agree-
ment and full partners in the scheme. SaskPower
figures suggest that somewhere between 150
and 200 MW of new generating capacity could
be brought online in this way.'?)

A further, and probably more promising, option
would be to trade electricity with neighbour-
ing provinces where the hydro capacity already
exists. One of the major ways in which Denmark
stabilises its electricity supply is to sell excess wind
power to Norway and Sweden, and to purchase
hydro power from those countries at times of
low wind output. Saskatchewan could pursue
a similar relationship with Manitoba. Manitoba
Hydro — a 97% hydroelectric utility company —
generates a substantial surplus of electricity: over
the last five years, electricity generated minus
losses has exceeded Manitoba’s demand by an
average of 33%.2° The surplus is nearly all sold
into the USA at present.

With over 80% of Manitoba’s hydro coming
from the Nelson River and effectively using
Lake Winnipeg as a reservoir,?' it is reasonable
to expect that this massive storage facility could
cope with a significant proportion of the short-
term fluctuations resulting from variations in
wind power output. However, it is important to
assess the impact on lake shoreline communities
in Manitoba, and especially on First Nations and
Métis. There has already been substantial disrup-
tion to these communities as a result of existing
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hydro schemes.?? (The problems encountered
have been magnified by other factors: the current
effect of climate change in the eastern prairies is
to increase spring flood risk; and water is diverted
from the Assiniboine River into Lake Winnipeg in
order to protect the city of Winnipeg and other
parts of southern Manitoba.)

It is relatively easy to estimate the impact of
the variability of Saskatchewan wind on Lake
Winnipeg. To take a fairly extreme example:
if Saskatchewan were to draw power from
Manitoba for two full days at a rate of 1000 MW
then, all other things being equal, the level of
Lake Winnipeg would drop by 1.2 m. Given that
Manitoba Hydro is required to maintain lake
levels within a 1.2 m range, this level of depen-
dence on imports would not be viable. But draw-
ing the same amount of power from Manitoba
for 20 minutes would result in only a 1700 mm
level change.

The impact of these water level changes should
not be disregarded in Saskatchewan’s future plans.
In 2001, a church-based commission?* heard testi-
mony about the impact of the Churchill-Nelson
Hydroelectric Project, which put the bulk of
Manitoba’s present generating capacity in place
during the 1970s and 1980s. Representatives of
about 60 local communities and interests testi-
fied. The commission’s conclusions include the
following paragraph: “The untallied cost of elec-
tricity production in northern Manitoba has been
two decades of extensive environmental destruc-
tion, violation of human rights, and even the loss
of life. For Manitoba Hydro, the governments
and consumers, the Project is a success, but in
northern Manitoba it constitutes an ongoing
ecological, social and moral catastrophe. These
imbalances must be redressed.” The damage has
been done, and so First Nations representatives
with whom | spoke when researching this paper
saw no problem in principle with Saskatchewan
purchasing from Manitoba Hydro or using the
existing “Project” for power output smoothing.
However, it is important that the terms of any

interprovincial trading agreement be such as to
avoid exacerbating the problems encountered
by Manitoba’s northern communities. To add
to the burden on these communities is neither
just nor sustainable. For this reason, it is difficult
to justify ethically any agreement which would
result in Manitoba adding further hydro capacity
to its grid (unless it is developed in a way which
is unequivocally acceptable to the local commu-
nities), but instead argue for a limited two-way
trading arrangement, subject to responsible
management of lake levels.

A further consideration is that we would be in
competition with Manitoba’s US partners — and
in particular Minnesota — for the limited energy
storage facility described here. An agreement
has already been signed — but not ratified —
between Manitoba Hydro and Minnesota Power,
to “allow Minnesota to essentially use Manitoba
as a rechargeable battery by storing energy from
wind farms in North Dakota”.>*

To summarize, a stronger interconnection with
Manitoba is desirable, but it can offer only a
partial contribution towards stabilizing output
from renewables, and when put in place it
should not be used for extended periods of time.
Other measures will be required to adequately
handle the (relatively rare) occasions when the
whole of southern Saskatchewan is becalmed for
days or even hours rather than minutes. Detailed
planning of a sustainable Saskatchewan electri-
city grid must involve consultation not only with
Manitoba Hydro but also with impacted First
Nations and Métis communities.

At present, interconnections between the
Manitoba and Saskatchewan grids exist, to the
extent of 150 MW in one direction and 275 MW
in the other.® For significant electricity trading
to occur between the two provinces, the inter-
connection capacity would need to be expanded,
possibly to as much as 1000 MW in both direc-
tions. Trade should ideally be two-way, with
excess Saskatchewan wind generation sold to
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Manitoba. A recently-publicized proposal for a
new 100 MW interconnection? is a small step in
the right direction.

A General Comment

Without storage, it is likely that the energy from
variable sources (wind and photovoltaics) will be
limited to between 25% and 35% of the total.
With storage, this proportion can be higher, but
at a cost which escalates rapidly as the variables’
contribution increases. Hence probably at least
50%, and maybe 75%, of Saskatchewan’s power
will need to come from other sources. Even
with a concerted programme of demand side
management, efficiency measures and conserva-
tion, this is likely to mean between 12000 and
18000 GWh per year in the mid-2020s unless

expansion of extractive industries is severely
curtailed. The maximum average annual contri-
bution to this figure from Saskatchewan hydro
power is less than 5000 GWh/yr if subjected to
the ethical standards laid out above. The other
options considered so far cannot be relied upon
to even come close to filling the gap. The bulk
of the remaining 7000 to 13000 GWh/yr needs
to come from the only remaining serious option,
biomass energy.

(Note: The province’s total electricity require-
ments can be reduced in time through further
efficiency savings and through transition to a less
energy-intensive economic base. However, rad-
ical changes to the Saskatchewan economy do
not come within the remit of these papers — we
need to make the conservative assumption that
the types of growth patterns currently envisaged
by SaskPower will indeed come to pass.)

An Incomplete Introduction
to Biomass Energy

Energy from biomass is a complex subject: there
are multiple possible sources, and multiple means
of processing the raw material, resulting in a
variety of combustible end-products. Depending
on whether the final combusted product is solid,
liquid or gas, biomass may be used for produc-
tion of heat, electricity, transport fuel or some
mixture of the three. In North America and
Brazil (and to a lesser extent in Europe), there
has been a focus on automotive fuel (bioethanol,
biodiesel, etc.) almost to the exclusion of heat
and electricity. This has been a mistake, primarily
because the particular biofuels chosen compete
for land with food production. There is, however,

another reason to consider it a poor choice: it is
more energy-efficient, and produces less green-
house gases, to run an electric car on power from
biomass power stations than to fuel a gasoline-
engine car with bioethanol.?” For this reason, and
because this series of papers is concerned only
with electricity, options for automotive fuels, etc.,
are not considered here.

The technology for generating electricity from
biomass — whether solid or gaseous — is little
different from that used in fossil fuel power
stations. The fuel is burnt, and the heat used to
boil water. The resulting steam is used to drive a
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steam turbine. In the case of gas-fired stations,
the exhaust gases may instead be used to drive
a gas turbine (a technology similar to the jet
engine). The most energy-efficient option is to
combine the two in what is known as combined-
cycle gas turbine (CCGT) technology — this can
yield process efficiencies of over 50%, compared
to 30 to 40% for steam turbines and 20 to 25%
for gas turbines alone.

There are two key differences from fossil fuel
generation. The first is that every part of the
power station needs to be planned to handle
the particular fuel being used — in particular,
its density, its chemical composition and any
corrosive by-products of combustion. Hence it
is possible to adapt existing plants designed for
fossil fuels, but this is not necessarily a straight-
forward process.

Secondly, biomass fuels are more bulky than fossil
fuels. This restricts the distances which they can
sensibly be transported, and hence the size of
the power station. In practice, this means that —
like wind, photovoltaics and small hydro — bio-
mass power is better suited to community-scale
generation as part of a networked “distributed
generation” grid than to the current centralized
grid. This opens up the possibility of local com-
munity ownership and management.

All thermal power stations produce waste heat
— partly because the second law of thermo-
dynamics sets a limit on the maximum theoretical
efficiency, and partly because of unavoidable
losses in the system. A well-planned system
built for efficiency will seek to find a use for this
waste heat, typically for space and water heat-
ing. This approach, which is widespread in much
of northern Europe, is known as combined heat
and power (CHP) or cogeneration. The best CHP
projects find a method of using the heat year-
round in buildings with a high usage of hot water
(hospitals, leisure centres, hotels, some types of
light industry), but community district heating
systems can also be worthy of consideration.

44ATRIOLIET
=L

Hopper for dropping corn husks into methane
digester — Germany.

Biomass possibilities in Saskatchewan are
summarized in figure 1.

Possible Sources and Processes

Possible sources include forestry residue, forestry
plantations, agricultural crop residue, energy
crops, municipal and household organic “waste”,
animal dung, and cultivated algae. (The suit-
ability of each of these sources will be assessed
later in this paper.)

The processes listed in figure 1 require some
explanation:

Direct Combustion: The organic matter in
the raw or processed fuel is burnt completely
(possibly leaving behind ash but not charcoal,
tar or other residues).

Densification: Any process by which the density
of a solid organic fuel may be increased. For
example, wood pellets are formed by extrud-
ing sawdust under pressure. They are thus of a
standard size and of a uniform density, enabling
wood boilers to be readily optimized for their use.
They also have a higher energy density (i.e. kWh
released per unit volume combusted) than most
biomass solids, reducing bulk transport require-
ments.

Gasification: Heating of organic materials with
limited oxygen or air, at temperatures above
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Figure 1: Sources and Processes for Production of Biomass Fuels
PROCESS

SOURCE MATERIAL

forestry residue ~
crop residue

forestry plantations
(e.g. src*, mef™)

slow pyrolysis
energy crops (fast
growing grasses,
hemp, etc)

conventional
pyrolysis

fast pyrolysis

gasification
putrescibles (animal

dung, compostable
vegetable matter)

oil extraction

FUEL BY-PRODUCTS

solid fuel for direct combustion

densification ————— pellets, etc

torrefaction —————————= torrified wood

biochar

bio-oils

syngas (gas mixture and
quantity varies according to
process used)

* src = short rotation coppicing

* mcf = modified conventional forestry

anaerobic digestion ————s= biogas

/ !  ——— biodiesel
algae + transesterification

about 800°C. A variety of gasifiers exist, with a
wide range of operating temperatures and pres-
sures, and many (but not all) adding steam to
the mix. The product is synthesis gas (or pro-
ducer gas), a mixture consisting mostly of carbon
monoxide and hydrogen.

Pyrolysis: Heating of organic materials with zero
(or very little) oxygen or air, so that they decom-
pose. The products typically include char (solid,
mostly carbon), “bio-oils” and combustible gases
— proportions vary depending on the temper-
ature and pressure.

Fast Pyrolysis: Pyrolysis at temperatures above
450°C, sometimes under pressure. If it is achieved
by very rapidly increasing the temperature of
the raw material and discharging the products
rapidly, it is known as flash pyrolysis. Temper-
atures of 450 to 550°C optimize the liquid yield;
higher temperatures optimize the gas yield.

Conventional Pyrolysis: Pyrolysis at between
about 400 and 450°C, at atmospheric pressure.

Slow Pyrolysis: Pyrolysis at temperatures below
about 400°C, at atmospheric pressure.

Torrefaction: A type of very low-temperature,
very slow pyrolysis — organic materials are
“roasted” at temperatures of 200 to 300°C in
oxygen-deprived conditions. The result is a densi-
fied and water-resistant solid product, and some-
times also a gas.?

In general, in pyrolysis processes, more char is
obtained with lower temperatures and longer
residence times. As the reaction temperature
increases, first volatiles and gases and then bio-
oils begin to increase in proportions. At higher
temperatures still (over 550°C), bio-oils decom-
pose, leaving mostly volatiles.

Anaerobic Digestion: Bacterial action at temper-
atures in the range from 30°C to 45°C (depending
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on the bacterial culture used) in the absence of
air breaks down organic material, giving off a
combustible mixture of gases (“biogas”) of which
the main component is methane.

Non-Dispatchable Biomass

The greater dispatchability of gaseous fuels,
together with their potential for greater elec-
trical conversion efficiency, clearly favours power
stations run off synthesis gas, pyrolysis gas or
biogas. However, there is one factor which
favours solid fuels, and torrefaction in particular
— Saskatchewan has both coal-fired plants and
expertise in handling solid fuel. There is there-
fore an argument for maintaining some of the
existing coal-fired capacity — possibly Shand
power station, which is not due for retirement
until 2038 — but converting it to handle torre-
fied biomass. This would save some existing jobs,
and preserve skills which may be needed for the
future.

Dispatchable biomass should, however, be the
priority. Decisions as to whether to proceed with
power from torrefied wood should be dependent
on the total size of the sustainably-accessible bio-
mass resource: as will become clear, this is uncer-
tain at present.

Making Sustainable Choices
for Biomass

Energy sustainability should not be pursued at
the expense of global food security (by taking
land unnecessarily out of food production) or
ecological sustainability (by replacing native
forests or other key habitats). Furthermore, some
biomass options necessitate significant fossil fuel
inputs or damage existing carbon sinks, either
directly or indirectly. | therefore propose a set
of ethical criteria by which any given biomass
energy proposal may be assessed. To be viewed
as sustainable, the full life cycle of biomass

schemes should be considered, and they should
comply with the following conditions:

1. There should be a large life cycle energy
return on investment (EROI). EROI is the
ratio of the usable energy generated to the
energy input required to drive the process:
hence an EROI of one represents zero net gain.
Another way of expressing this criterion is that
the net energy output (i.e. usable energy gen-
erated minus energy input required) should
be large and positive. There is academic dis-
pute as to whether any of the currently com-
mercialized biofuels-for-transport options has
an EROI greater than one.?” However, neither
side of the argument can legitimately gener-
alize its findings to also include all biomass-
for-electricity.

2. Likewise, there should be substantial net
reductions in greenhouse gas emissions,
taking all greenhouse gases into account, and
calculated using a full life cycle analysis.

3. The opportunity for dishonest carbon
accounting should be minimized. Biomass
schemes internationally often depend on
carbon trading (“offsets”) for their financial
support. The UN’s official carbon offsetting
scheme, the Clean Development Mechanism,
has been widely abused;**3" opportunities for
similar deceit exist in all trading schemes.

4. First Nations livelihood and traditional ways
of life should be protected, treaty obligations
observed, and genuine consultation carried
out (involving the whole community). Like-
wise, policies should not be pursued which
threaten the livelihood of family farms.

5. There should be no net reduction in food
production as a result of biomass schemes
(unless already required for vital protection of
the local ecology).

6. There should be no added threat to impor-
tant wildlife habitats or to biodiversity,
whether directly or indirectly.
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. There should be no export of the natural

means of ensuring soil fertility out of Sas-
katchewan. This includes net loss of organic
carbon (or its equivalent) from soils.

. Likewise, Saskatchewan should not benefit

from the loss of the natural means of ensur-
ing soil fertility in other jurisdictions.

. The process should be designed such that

nutrients removed from the natural cycle
by harvesting biomass are returned to the
soil.

Using these criteria, certain options may be ruled
out immediately, and others accepted only for a
limited range of applications:

The artificial nutrient requirements of algae
production are, at present, sufficiently energy-
intensive to give this technology an EROI of
less than one.3?

In the vast majority of locations, energy crops
and biomass forestry plantations would be
diverting land from food production. There
are, however, exceptions. In the right con-
ditions, it could be appropriate to proceed
with small-scale short rotation coppicing
(src) schemes.* These are common in much
of Europe, and often double as energy pro-
duction and agricultural wildlife refuge.333*
Research is underway at the Saskatchewan
Research Council into use of similar planta-
tions to assist in municipal sewage disposal for
towns and villages in the province.*

Much putrescible domestic waste would be
better composted and used to enhance urban
soil fertility than subjected to any sort of com-
bustion, pyrolysis or gasification process.

Replacing old-growth forests with faster-
growing crops is not only ecologically ques-
tionable but leaves a carbon debt which may
not be repaid for decades.?¢

e Large-scale anaerobic digestion (AD) requires
easy collection of large quantities of putrescible
material from a relatively small area — this
has proved non-viable for free-roaming cattle
even in some locations in England and Wales,
where field sizes are much smaller. Hence AD
is usually dependent on highly intensive meth-
ods of livestock rearing which concentrate
nitrogen-rich manure and hence result in high
emissions of the greenhouse gas nitrous oxide
(N,O). While most research indicates that AD
substantially reduces total greenhouse gas
emissions from these schemes (though usually
slightly increasing N,O emissions),37:38:39.4041,42
a better climate solution (and a more sustain-
able solution generally) would be to avoid the
most intensive livestock rearing methods alto-
gether.

Which Choices Can Make
a Serious Contribution?

The options which appear best able to meet the
criteria above are those in which “by-products”
of existing activities are used, with only small
contributions possible from certain types of
purpose-grown vegetation:

*Coppicing is a centuries-old technique, which involves harvesting the growth (i.e. cutting just above the roots) at an
interval of several years and allowing the tree to grow back. In short rotation coppicing, species are chosen for rapid
growth (in Europe, typically willow or poplar) and conditions optimized to allow a short (two to five year) cycle.

12 o CCPA - Saskatchewan Office

Transforming Saskatchewan'’s Electrical Future, June 2011



Forestry Residue: This consists of logging slash,
sawdust and shavings, bark, other mill waste,
and woodland debris. Annual operations result
in residues with an energy content of about
1400 GWh. Applying a typical value range for the
efficiency of thermal power stations, this could
supply up to 500 GWh of electrical energy per
year. In addition, stockpiles amounting to a total
of about 11000 GWh exist in various locations in
the north of the province.

Crop Residue: Substantial quantities of cereal
and flax straw, and canola stalks, are produced
each year in Saskatchewan. Some cereal straw is
used for cattle feed and bedding and for sundry
other purposes; of the 16 to 17 million tonnes
which remain,** the majority can (and mostly
does) serve a useful purpose in soil protection
(maintaining carbon and organic matter), but
about two million tonnes could be available for
bioenergy, yielding about 9000 GWh/yr if directly
combusted.** Applying a typical value range for
the efficiency of thermal power stations, this
could supply between 2500 and 3000 GWh of
electrical energy per year.

Short Rotation Coppice (src) in areas where
agricultural forestry can serve an additional
purpose — such as enhancing biodiversity, pro-
viding cover for game birds, or providing purifi-
cation services to sewage lagoons. A reasonable
estimate for electrical power output from this
source in Saskatchewan is about 4 MWh/ha,
equivalent to about 0.25 GWh per fully-forested
quarter-section.

Modified Conventional Forestry (mcf): In this
system, pioneered in Sweden, coniferous trees

are planted at relatively high density and thinned
after a few years, yielding an early harvest of
chipped wood. This approach can only at present
be considered suitable for reafforestation projects
in the north. There is no obvious reason why
schemes of this nature cannot satisfy other sus-
tainability tests such as the principles and criteria
of the Forestry Stewardship Council (FSC).*

Anaerobic Digestion: Agricultural schemes
should use a mixture of crop residue and animal
manure. They are, however, limited in scope by
the sustainability criteria indicated above. There
is also some potential for AD plants at municipal
sewage works (this is common in Europe)*¢ and
also at some large food processing facilities.*”

Together, these last three options could add
maybe another 500 GWh of electrical power per
year. This gives a total resource size, after conver-
sion to electricity, of about 3500 or 4000 GWh/
year, or a capacity of about 600 MW if used at a
capacity factor of 65%. This amounts to a mere
15% of projected electricity demand for 2030. If
pyrolytic incineration of urban refuse were to be
added to the list, it may be possible to raise that
figure to 20%. Biomass options, as currently con-
ceived, will not completely fill the gap in power
supply identified above.

There is one biomass-based methodology, cur-
rently emerging from research and development,
which may be able to dramatically increase this
figure — that of pyrolysis with return of biochar
to the land. This is discussed in more detail in the
section which follows.
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Biomass, Carbon Sequestration
and Biochar

All of the biomass options chosen above, if
well-planned and -designed, have a low carbon
footprint. While some fossil energy is used in
harvesting and transporting the fuel, constructing
the power station, etc., the core processes —
crop growth and combustion — are in principle
carbon neutral when taken together. The carbon
taken from the atmosphere as the crop grows
balances out the production of carbon dioxide
when it is burnt.

In principle, however, biomass-fuelled electricity
could do better than this. It could be carbon
negative. To address the current climate crisis
adequately, it will be necessary not just to stabil-
ize atmospheric levels of carbon dioxide but ulti-
mately (and as soon as possible) to reduce them.
Leading climate scientist Jim Hansen argues con-
vincingly for a reduction of atmospheric carbon
dioxide from its current concentration of over
390 parts per million (ppm) to 350 ppm or less.*®
Higher concentrations for extended periods of
time would bring the earth’s climate system to
“tipping points” beyond which human civiliza-
tion may not be able to maintain itself. The types
of measures we have discussed so far in this series
of papers can only arrest the rise in CO2 concen-
tration — they cannot reduce it. Hence the need
for carbon sequestration.

There are two ways in which biomass power
could conceivably become carbon negative.
One is to use carbon capture and storage (CCS)
technology at each power station, pumping the
carbon dioxide produced deep underground.
This, however, would be a costly option. The opti-
mum size for a biomass energy facility is generally
small because feedstock transportation costs set
a limit on the distance from which biomass can
be brought. The added cost of CCS for a small

power station (even assuming that this tech-
nology reaches the point where it can demon-
strate full technical viability and components can
be mass-produced) would almost certainly be
prohibitive. Furthermore, not all power stations
would be in geologically-suitable areas.

The earth’s natural systems sequester carbon
in forests, in other plant life, and in soil. These
massive carbon sinks are vital to the survival of
life on earth, and their enlargement would be
highly desirable. However, attempts to do so face
enormous difficulties in pressure from compet-
ing land uses and a growing world population.
(Further detailed discussion of reafforestation
and of change in agricultural methods is beyond
the scope of this paper.)

The second way in which biomass power can
contribute to carbon sequestration requires a
more direct “collaboration” with these natural
systems. It is also simpler — collect charcoal
(biochar) produced by pyrolysis, and return it to
the soil. This potentially could bring several bene-
fits: enhanced long-term soil fertility, reduced
nitrogen and phosphate run-off, reduced soil
emissions of greenhouse gases, stable carbon
sequestration, and the freeing up of a larger
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quantity of crop residue for power generation. As
a recent report puts it, biochar “seems to offer a
way to mitigate climate change, produce energy
and increase agricultural productivity through a
single set of practices or technological applica-
tions that interact synergistically”.*

Biochar remains stable in soils for hundreds of
years. Biochar-rich dark earths (terra preta) have
been found in several locations in the Amazon
basin, a remarkably persistent (and beneficial)
remnant of the cultivation methods of pre-
Columbian civilizations.

Intensive study of terra preta has led to a realiza-
tion that biochar is a valuable soil enhancer. This
view is backed up by recent research at academic
institutions worldwide, as well as by traditional
use of charcoal in various parts of the world
(including West Africa, Japan and parts of India).
Biochar consists primarily of elemental carbon,
with an open molecular structure which can
function as a “storage facility” for soil nutrients.
It is not itself a fertilizer, but a means of holding
nutrients within the soil — hence good results
are achieved with biochar in field tests only if it is
“charged” with manure or compost before appli-
cation. It also assists in holding water and in pro-
viding refuge space for beneficial soil bacteria.
Thus addition of biochar to soil can enable stable
long-term fertility.

For the same reason, run-off of nutrients — and
hence the damage to freshwater ecology which
it causes — is lower in soils containing biochar.
Both nitrate and phosphate leaching result in
eutrophication of lakes and slow-flowing rivers.
Phosphate leaching is a double problem, in that
there is no natural process which can replace
this nutrient in the soil at the rate at which it is
being lost in many parts of the prairies. Besides
reducing these losses of dissolved nutrients,
biochar also reduces atmospheric losses, includ-
ing emissions of greenhouse gases nitrous oxide
and methane.

Because biochar remains stable for so long, there
is reason to hope that it will prove a superior
carbon sequestration option to current prac-
tices such as no-till (in which crop residues are
left to decompose in the field, and some carbon
becomes incorporated into the soil) or digging in
straw. The carbon in uncharred organic material
is lost rapidly through microbial action, whereas
biochar can remain in the soil for hundreds of
years.>® (This microbial action, which is impor-
tant to soil fertility, still takes place in the organic
carbon fraction of biochar-rich soils: indeed, by
providing a refuge for microbes, the biochar
appears in many cases to significantly increase
the microbial action and with it the yields
achieved.>") For this reason, biochar could enable
substantial quantities of crop residues — far more
than those assumed on page 13 — to be released
for energy production. Instead of leaving straw
to decompose naturally, it would be pyrolysed,
with energy produced from the volatile fraction,
and stable biochar carbon returned to the soil.

The specific claims made for biochar have
been well-documented,*> but many questions
remain as to the viability of practical and wide-
spread application. In addition, it is important to
note that the rules for sustainability set out on
pages 11-12 should apply to biochar projects
just as much as to any other biomass scheme.
The precautionary principle should be observed.
While the welfare of human civilization depends
vitally on avoiding runaway climate change, it
also depends on maintaining food-producing
soils in an excellent condition.

Biochar has been extensively criticized by a small
number of environmental activists and groups
associated with the organization BiofuelWatch
(BFW). This group has legitimate concerns
about the potential negative impacts of poorly-
conceived biofuels projects, especially in low
income countries. Removal of old-growth forest
in order to grow biochar plantations would be
grossly irresponsible, for example. However, much
of BFW’s writing about biochar has been marked
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by significant inaccuracies, and a failure to rec-
ognize the growing number of good examples
of non-exploitative biochar projects. Detailed
and technically sound rebuttals have been made
by biochar practitioners and supporters.>* How-
ever, it is fair to say that the international biochar
community has not yet reached a common
understanding as to what constitutes sustain-
able development in practice. For that reason,
it is important that there be deliberate thinking
about the economic, commercial, social and
ecological framework in which practical biochar
projects may be conceived in Saskatchewan. The
“sustainability rules” set out in this paper are a
contribution towards that process.

Biochar is just beginning to move into the stage
of large-scale implementation. A 500 kW gasi-
fication/pyrolysis power station with limited
biochar production has now been opened in
California.> The use of gasification as part of the
process — which results from a choice to opti-
mize for maximum energy production rather
than for maximum biochar — limits the amount
of biochar produced in this particular plant. In all
such projects there will be an element of “trade-
off” between these two products. Processes
which result in combustion of a higher propor-
tion of the carbon in the biomass will result in
more energy output but less biochar. Likewise,
processes designed for biochar production will
burn less carbon and so produce less energy.

Given the importance of soils, agriculture and
ecosystems to future human survival, it would be
naive to assume that this trade-off can be man-
aged exclusively by the market. It is highly unlikely
that market mechanisms could be devised which
ensure optimum, but not excessive use, of bio-
mass, and which balance properly the needs to
soils and energy production (at the same time
as meeting those of investors). Government
regulation, based on the best available scientific
advice, will be necessary to ensure good practice
which balances energy and land needs. Govern-
ment incentives will need to be constructed so

Yamagata Biomass Gasification Power Plant in
Japan.

as to encourage only those schemes which meet
ethical criteria such as those presented in this

paper.

| conclude this section with a speculative calcula-
tion. The figures may not be accurate, but they
give a rough impression of the sort of contribu-
tion which the pyrolysis/biochar option could
conceivably make:

Let us assume that 10 million tonnes of crop
residue is now available for biomass power
generation — as biochar can then replace straw
currently used for soil protection (or just burnt).
If 40% of the energy from this resource (the
gaseous product, plus some of the bio-oil broken
down into gas by further processing) is available
for electrical generation, at an efficiency of 35%,
the energy yield will be of the order of 6000
to 7000 GWh/yr. With the higher efficiencies
obtainable at CCGT plants, this could perhaps be
raised as high as 10000 GWh/yr. Hence biochar,
if found to be viable on this scale, may enable us
to close the gap between demand and sustain-
able supply.

At this point, it is not at all clear that this volume of
crop residue could be pyrolysed sustainably, and
within the limits set by our ethical criteria. This
would depend on a range of factors, including
the impact of biochar on crop growth rates in
Saskatchewan soils, the necessity (or otherwise)
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of nutrients to “charge” the biochar, the develop-
ment of suitable methods for incorporating it
into the soil, etc. While much research has been
done on biochar worldwide, little of it applies in
detail to Saskatchewan conditions.

Hence discussion of the possibilities offered by
biochar is still somewhat speculative. Caution is
necessary, but it would be foolish not to actively
pursue further research into this option.

Conclusions and Recommendations

As articulated previously in this series, variable
renewables — specifically wind and photo-
voltaics — are vital to the development of a sus-
tainable energy future for the province. One of
the next tasks to be undertaken by Green Energy
Project Saskatchewan is detailed engineering
analysis of the impact of these variable sources
on the Saskatchewan grid, and the capacity of
different dispatchable options — together with
storage and demand shifting — to compensate
for that variability. This will enable a degree of
quantitative precision which is not yet possible.
However, some interim conclusions are possible
at this stage:

SaskPower should actively seek an enhanced
electricity trading arrangement with Manitoba,
and should seek terms which create the future
possibility of the export of surplus wind power as
well as the import of hydro-generated power to
enable the matching of supply with demand.

SaskPower should actively seek partnerships with
First Nations and Métis communities with a view
to equitable and sustainable development of
hydroelectricity in their territory.

Further university research and development is
justified in a number of areas, including con-
centrating solar power, hybrid power stations,
storage options, smart grid technology, and
especially biochar.

SaskPower should research the best technology
on the international market for pyrolysis and gasi-
fication of organic materials. The government of
Saskatchewan should then seek to make deals
with suitable companies to establish a manufac-
turing base within the province.

Biomass energy works best on a local commu-
nity scale, as this avoids high transport costs and
complex distribution infrastructure. The forma-
tion of biomass energy companies under local
cooperative or democratic ownership should be
encouraged to facilitate the development of the
sector on an appropriate scale.

In the short term, government incentives are
justified for community-owned and -managed
biomass power, provided that it provides dis-
patchable power with the most efficient tech-
nology available.

Electrical generation — even with the most effi-
cient combined cycle gas turbine (CCGT) plants
— is inherently inefficient. Typical small power
plants will achieve 35% efficiency; CCGT plants
may manage 50% efficiency or higher. However,
the energy which would otherwise be wasted
can be used for space and water heating in local
facilities through CHP (cogeneration) schemes.
This option should be actively considered for
every new biomass power station.
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All biomass developments in the province should
be required to comply with the criteria set out on
pages 11-12:

¢ A large life cycle energy return on investment
(EROI), calculated on a full life cycle analysis.

e Substantial net reductions in greenhouse gas
emissions, taking all GHGs into account, and
calculated on a full life cycle analysis.

e To avoid dishonest carbon accounting,
schemes should not depend on offsets.

e First Nations and Métis livelihood and tradi-
tional ways of life should be protected, treaty
obligations observed, and genuine consulta-
tion carried out.

¢ Policies should not be pursued which threaten
the livelihood of family farms.

e There should be no net reduction in food pro-
duction as a result of biomass schemes.

e There should be no added threat to important
wildlife habitats or to biodiversity.

® There should be no export of the natural means
of ensuring soil fertility out of Saskatchewan.

¢ Saskatchewan should not benefit from the loss
of the natural means of ensuring soil fertility in
other jurisdictions.

e Nutrients removed from the natural cycle by
biomass harvesting should be returned to the
soil.

In order to ensure that these criteria are consis-
tently observed, government regulation, based
on the best available scientific advice, will be
necessary to ensure that both energy and food
production move towards sustainability.

It is the function of government to protect its citi-
zens — in this case, to protect future generations
from the impact of climate change and resource
depletion. Government — including the state-
owned power corporation — has a duty to plan
a total phase-out of fossil fuel use, and to actively
pursue the truly sustainable options discussed
here, as well as the efficiency measures, conserva-
tion, load shifting, wind power and photovoltaics
discussed in previous papers in this series.

How Might the Fuel Mix Look in 2030?

No precise figures are possible at this stage of Green Energy Project Saskatchewan’s research. However
the pie charts in figure 2 give an indication of the way in which the power mix might change as a
result of the approach we have advocated in these papers:

Figure 2: Proposed Transformation of the Saskatchewan Generating Mix, 2009-2030

Electrical Mix 2030
if No Biochar

Electrical Mix 2009

Electrical Mix 2030 if Biochar
Found Viable and Sustainable
on a Large Scale

BMcoal Mgas

hydro B wind B wind with storage

photovoltaics M biomass recovered heat
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