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1 Executive Summary

1 .1 Purpose & Scope of Work

The Township of Esquimal t commiss ioned a study of the poten t ia l to assess how and whether
waste management can be improved and resources recovered wi th In tegrated Resource
Management ( IRM), us ing gasi f icat ion. The scope considered : (a ) l iqu id waste and l iquid
waste energy; (b) energy from sol id was tes col lected by the Township and pr ivate haule rs ;
and (c) yard and garden waste.

The study was main ly spurred by c l imate change and greenhouse gas emiss ions reduct ion,
but a lso by concerns about the r is ing cos t of waste management, p lanned regiona l landf i l l
c losure and an in terest in moving towards more susta inable and benef ic ia l approaches to
waste management . Centra l to the scope is the Township 's dec larat ion of a Cl imate
Emergency and commitment to becoming GHG neutra l by 2050and el iminat ing corpora te GHG
emiss ions by 2030. To meet prov inc ia l requi rements a number o f techno logies were
compared and a key requi rement to assess the f inanc ia l impact of op t ions.

1 .2 Summary F ind ings

The study found that IRM has the potent ia l to achieve or exceed envi ronmental ta rgets wi th a
net reduct ion in taxpayer costs or poss ib le taxpayer div idend. The main f ind ings inc luded:

General

 Div idend of  up  to ≈$360/door,  net  average,  
potent ia l ly $226m net over 30 years;

 Reduced truck ing wi th no odour or noise,
and simpler waste separat ion for res idents
wi th less garbage bins.

Intangible

 European examples at t ract new business
and enhance educat ion, t ra in ing, and eco-
tour ism, ra is ing communi ty prof i l e and
enhancing publ ic pr ide;

 Broader economic st imulus & jobs wi th
local re- investment and re-spending ef fect .

Environmental

 Exceed 2030 Corporate carbon reduct ion
targets  by ≈4½x  and reduce communi ty  
overa l l  GHGs by ≈12%; 

 Equivalent  to  removing ≈970 cars/year ;  

 ≈91% landf i l l  d ivers ion;  

 Improved recyc l ing;

 Generate c lean energy to displace foss i l
fue ls . Produce ster i le fe r t i l izer &
sequester carbon;

 Simplest , most economic GHG reduc t ion
opt ion avai lab le.
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Challenges

 Statutory & regulato ry compl iance is l ike ly and the communi ty has the s tatutory
empowerment to proceed, but th is requi res formal conf i rmat ion;

 Limi ted exis t ing munic ipal capaci ty and exper ience raises r isk , which can be managed but
requi res di l igence to do so;

 Whi le there are extens ive systems using gasi f ica t ion (exceeding 1,000 years ' combined
operat ion and 90 plan ts) ident i f ied inte rnat ional l y , there are few examples in North
America. Lack of ident i ca l example can be addressed by test ing and guarantees.

 Systems can be guaranteed and ex ternal ly funded to reduce taxpayer r isk , but wi l l lower
f inanc ia l ou tcomes;

 Finance is not conf i rmed, however i t could be undertaken wi th l imi ted capi ta l and

 Communi ty feedback is requi red under prov inc ia l process.

In summary the study concluded tha t an IRM approach using gasi f icat ion is poss ib le and has
potent ia l benef i ts , but as wi th any undertak ing of th is na ture, wi l l requi re commitment and
management to address r isks. Counci l and the communi ty wi l l thus wish to consider the
cost /benef i ts but we bel ieve the net advantages are suf f ic ient ly persuasive and the
chal lenges are manageable, to mer i t proceeding fur ther .
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2 Background

2 .1 What is IRM and Why Gas i f icat ion

In tegra ted Resource Management ( IRM) is an approach to managing water , energy and waste
that a ims to maximise thei r use and value as resources, in ways that reduce costs to
homeowners, recover heat and other resources, reduce greenhouse gases (GHGs) and, o ther
emiss ions and discharges. IRM most ly uses energy generat ion from waste res iduals lef t over,
af ter recyc l ing.

IRM is a fu l ly in tegra ted l i fe cyc le assessment of ways tha t resources can be recovered from
waste, to maximize the benef i ts to the envi ronment and homeowners. This al lows the
communi ty to compare f inanc ia l and envi ronmental impacts so that in formed decis ions can be
made on the best d i rect ion for the communi ty .

Choice of technology or technologies has a di rec t impact on y ie ld and performance, v iabi l i ty
and r isk . Some technologies also cope wi th a wider range of mater ia ls . Choice of systems
and integrat ion is thus important .

Compost ing , anaerobic digest ion and simi lar
approaches to waste disposal typ ica l ly address
some or al l o f the organic port ion of the waste
stream and are not complete, s tandalone
solut ions. Inc inerat ion, pyro lys is and
gasi f icat ion can address organics but a lso
address a wider range of other was tes.
Inc inerat ion crea tes pol lu t ion ( tox ins and
smoke, which conta ins part icu lates ) and thus
requi res apprec iable equipment to handle th is .
Inc inerat ion doesn ' t scale easi ly to smal ler
appl icat ions such as Esquimal t needs and are
not popular as a communi ty solut ion .
Pyro lys is and gasi f ica t ion both avoid burning
and producing tox ins and smoke, but wi th a
typica l ly s imi lar cos t to gasi f icat ion, pyro lys is
is less ef f ic ien t , i .e . the technology typica l ly
wi th the highest y ie ld , broadest adaptabi l i ty and scalabi l i ty , is gas i f icat ion (Figure 1).

In terna t ional ly , gas i f icat ion systems have over 1 ,000 years of combined operat ional
exper ience, so are wel l proven, but no t necessar i ly wi th examples handl ing wastes s imi lar ly

F i g u r e 1 : T e s t g a s i f i e r , C a l i f o r n i a
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to Esquimal t 's needs. However combinat ions of test ing, manufactu rer y ie ld guarantees and
other approaches are considered acceptable to address th is r isk .

In short , gas i f icat ion is a process where waste is heated to produce a syngas, which can be
used to produce heat ing , cool ing, b iochar and other products . The syngas is considered
"green" and the energy “ renewable” because over 85% of Esquimal t 's waste is b iogen ic , i .e . i t
comes from natura l and organic sources, no t foss i l sources.

2 .2 Context

To understand whether IRM makes sense we have to consider : how waste is current ly
managed in the region and what the was tes cons is t of ; what the regula t ions are; how the
communi ty might grow – and how much waste there might be in the future.

His tor ica l
Background

Histor ica l ly , waste has been landf i l l ed because land was cheap, avai lab le
and out of s igh t . Recent ly however, landf i l l emiss ions have raised concern
– tox ins seep into groundwater ; Greenhouse Gas (GHG) emiss ions are
r is ing; and there wi l l be up to 50 years ' o f maintenance responsib i l i t ies once
Hart land landf i l l c loses, at taxpayer expense.

Spurred by r is ing costs , contaminat ion and emiss ions, wi th land becoming
more expensive and less avai lab le, and r is ing waste volumes as populat ions
grow, increas ing emphasis is being placed on divers ion. Both older and new
technologies are being considered to solve the problems.

Regulat ions Prov inc ia l regula t ions al low munic ipal i t ies to dec ide how to manage thei r
wastes and the region is responsib le to incorporate these into a regional
p lan. I f Esquimal t dec ides i ts own waste plan, th is would then be inc luded
in the regional p lan. An example s imi lar to th is is Docks ide Green, which
has i ts own sewage trea tment p lan t and recyc l ing, which the regional p lan
was amended to al low for .

IRM can proceed prov id ing i t meets some regulatory requi rements :

a) Recyc l ing has to meet or exceed recyc l ing thresholds set by the Minis t ry
of the Envi ronment and Cl imate Change Strategies ' (MoE) 5R's guidel ine .
Regional and local d ivers ion and recyc l ing meet th is requi rement ;

b) Disposal level must be at or be low 350 kg/capi ta/yr and the planned
system must achieve at least 60% energy recovery y ie ld whi le meet ing
emiss ions requi rements. These cr i ter ia can be met;

c) CRD wi l l need to amend the regional Sol id Waste Management Plan
(SWMP) to inc lude an IRM energy recovery fac i l i t y ; and,

d) Communi ty support is requi red.

In summary, an appropr iate ly p lanned IRM plan t has the abi l i ty to meet BC's
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regulato ry st ructure and be permi t ted.

L iquid Waste Liquid waste can be used to recover t reated water and energy, however
considerat ion of energy recovery f rom sewage has curren t ly been deferred,
largely because sewage f lows are uncerta in unt i l the new t reatment p lan t
opens at McLoughl in Point . Recovery of water and energy from sludge has
been deferred for the same reason, but should be feas ib le to phase in a t a
later da te, once f lows and avai lab i l i ty are more certa in.

Sol id Waste Current ly wastes in the Capi ta l Region are sent to a number of s i tes, not
just to Har t land Landf i l l . These inc lude si tes in the Cowichan Val ley,
Nanaimo Regional Dis t r i c t , Greater Vancouver and Washing ton State . Most
of these centres are landf i l ls but some recyc le separated was tes such as
food scraps , yard and garden wastes. Two rec ip ients inc inerate the wastes.

19%
18%

15%

11%

Organic Waste

Paper and Paperboard

Plastics

Wood and Wood Products

Construction and Demolition

Textiles

Composite Products

Other

Ferrous Metal

Glass

Electronics

Hazardous Waste

Rubber

Non-Ferrous Metal

Bulky Objects

Household Hygiene

F i g u r e 2 : C R D 2 0 1 6 S o l i d W a s t e s b y D r y W e i g h t

There has been an inc reas ing ef fo r t to recyc le and diver t was tes from
landf i l ls . CRD's la test s tudy (2016) shows that advances are being made,
but a lmost hal f the organic wastes are s t i l l be ing landf i l led , as are most
other wastes, shown in Figure 2 (which exc ludes 'Blue Bin ' recyc l ing) .

Because waste is of ten made of composi te mater ia ls , i t is d i f f icu l t to
separate the mater ia ls so they can be fu l ly recyc led. An example of th is is
cof fee cups (which of ten mix paper wi th a plas t ic l iner) or meat packaging
(which mixes polystyrene and plas t ics wi th organics and paper) .

The European Union prov ides contras t to unders tand both local p rogress
and the potent ia l fo r us ing waste, as the EU star ted wi th waste divers ion
and resource recovery s ince the ear ly 1970s and is advanced. Figure 3
shows that  the  est imated curren t  ≈43% divers ion being achieved is  low 
compared to most EU countr ies, but that up to 100% divers ion has been
achieved, la rgely by integrated (IRM) approaches using thermal convers ion
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technologies. An example of th is is in Gothenburg Sweden, c l ick here to
see a shor t v ideo expla in ing th is .

EU Diversion, 2017
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F i g u r e 3 : D i ve r s i o n co m p a r i so n , E sq u i m a l tE U

CRD has commenced publ ic engagement fo r a new sol id waste management
plan so should Esqu imal t dec ide to adopt IRM as i ts d i rec t ion, i t is t imely for
th is to be inc luded in the new regional p lan .

Esquimal t ’s
Waste Streams
& Potent ia l

The Township co l lects res ident ia l refuse (garbage) and ki tchen (food) scraps
largely f rom single fami ly homes and smal l apartments, whi le pr ivate hau lers
col lect the same from businesses and large apartment bui ld ings. Yard and
garden waste is dropped of f at a recyc l ing cent re adjacent to the Publ ic
Works Yard on Canteen Road. This waste is cur rent ly t ransferred to
Hart land landf i l l where some is sent for process ing in the Lower Main land
and the remainder is landf i l led (Figure 2).

Township of Esquimalt, 2019/2020
Tonnage Moisture Dry

Yard & Garden 1,778 27% 40% 1,067 24%

Food waste 566 9% 60% 227 5%

Subtotal 2,344 36% 1,293 29%

45%
MSW 1,054 16% 25% 790 18%

Total 3,398 52% 39% 2,084 47%

Plus: private hauled wastes 3,100 48% 25% 2,325 53%

Total current estimated volume 6,498 100% 4,409 100%

Total current estimated volume, dry tonnes per day, public only 5.7dtpd
Total current estimated volume, dry tonnes per day, combined 12.1dtpd

F i g u r e 4 : E sq u i m a l t S o l i d W a s t e V o l u m e s

https://youtu.be/WC9B0T6w0-0
https://youtu.be/WC9B0T6w0-0
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Figure 4  shows that  in  2019/2020 the Township col lected ≈3,400 tonnes  of  
'we t ' was te, whi le pr ivate
haulers  col lec ted ≈3,100 
tonnes waste, i .e . a 50/50
spl i t in col lect ion. Wastes
col lected by the Township
equate to ≈182kg/person,  
r is ing to ≈347 kg/person 
once pr ivate wastes are
inc luded, which meets
prov inc ia l d ivers ion
guidel ines to be able to
consider energy recovery
f rom waste.

Energy recovered by the IRM
plant would be suppl ied to
the Township ’s munic ipa l
centre and the biochar
produced (Figure 5), i t i s
typ ica l ly used as a ster i le soi l supplement because i t re ta ins fe r t i l ize rs and
water , whi le sequester ing carbon. I t can also be used as an ai r or water
f i l ter for bui ld ings, swimming pools and f ish tanks. This is a considerable
benef i t in reducing GHGs whi le support ing envi ronmental restora t ion, and is
an apprec iable potent ia l revenue contr ibutor .

F i g u r e 5 : B i o ch a r

Communi ty
Growth

Figure 6  shows that  Esquimal t  has grown at  ≈0.3% per annum in  the long 
term whereas  the region  as a whole g rew at  an average of  ≈1% per annum.  
However be tween  2005-2016,  Esquimal t  grew at  ≈1.0%, which is  
representat ive o f the reg ion.

Population
Community 1991 1996 2001 2006 2011 2016

Central Saanich 13,684 14,611 15,348 15,745 15,936 16,814
Colwood 13,468 13,848 13,745 14,687 16,093 16,859
CRD 299,550 317,989 325,754 345,164 359,991 383,360

CRD Core (CALWMP) 239,138 250,487 256,227 271,654 283,977 303,542
Esquimalt 16,192 16,151 16,127 16,840 16,209 17,655
Highlands 1,094 1,423 1,674 1,903 2,120 2,225
Indian reserves 3,214 3,806 4,667 4,670 5,282 5,244

Langford 15,642 17,484 18,840 22,459 29,228 35,342
Metchosin 4,232 4,709 4,857 4,795 4,803 4,708
North Saanich 9,645 10,411 10,436 10,823 11,089 11,249
Oak Bay 17,815 17,865 17,798 17,908 18,015 18,094

Saanich 95,583 101,388 103,654 108,265 109,752 114,148
Sidney 10,082 10,701 10,929 11,315 11,178 11,672
Sooke 8,735 9,704 11,435 13,001
Victoria 71,228 73,504 74,125 78,057 80,017 85,792

View Royal 5,996 6,441 7,271 8,768 9,381 10,408
Source: CRD &Statistics Canada

F i g u r e 6 : C R D D e m o g r a p h i c s , 1 9 9 1 - 2 0 1 6

The Township ant ic ipates that the communi ty may reach bui ldout over the
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next  10+ years,  and reach a maximum of  ≈25,000 populat ion,  which is  
considered pract ica l for pro ject ing waste volumes.

The combined waste volumes indicate that a 15 tonne per day plant would
be needed at  the s ta r t  but  wi l l  expand to ≈25 tonne per  day at  bui ldou t .   The 
plant ’s expansion can be phased and expanded in stages to meet popula t ion
growth. Phasing reduces in i t ia l cost , however , some addi t ional capaci ty
wi l l be needed to address maintenance downt ime.

Cl imate Change Esquimal t Counci l has declared a Cl imate Emergency, to elevate the
importance of in i t ia t ives that wi l l reduce carbon. The Township 's Corporate
annual balance is 1,005 tCO 2 e and the emiss ions for the ent i re communi ty
are 37,644 tCO 2 e, according to prov inc ia l inventor ies. As a main object i ve
of IRM is to reduce GHGs, th is is a key par t of the assessment .
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3 IRM Assessment

3 .1 Opt ions

Previous
Technology
Reviews

Resource recovery technologies were rev iewed by CRD dur ing Core Area
Liquid Waste Management planning and by CRD’s IRM Task Force. The
focus of these studies was pr imar i ly on wastewater a l igned techno logies,
and the main focus was not on in tegra t ion o f waste streams, even though
CRD’s IRM Task Force and Technical Overs ight Panel no ted that IRM could
be benef ic ia l . Advanced Gasi f icat ion was put fo rward by West Shore
Innovat ion Days, and CRD noted that IRM has the poten t ia l to impact every
aspect of sol id waste management in the region , but i t has yet to progress.

Main
Technology
Opt ions

Anaerobic digest ion is an
accepted technology selected by
the region for sewage sludge
treatment (Figure 7), a l though th is
could extend to organics
process ing (≈11% of  the  region 's  
wastes, per Figure 2). Other
opt ions such as biofuels could
handle more, bu t would need
several systems to cover
avai lab le wastes and the
technology is not wel l advanced.
I t would also not be easy to locate
plants in Esquimal t .

A technology supported dur ing
pr ior rev iews is Advanced
Gasi f icat ion (an ex maple is
shown in Figure 8) , which can
handle a broader range of was tes,
inc luding compound wastes.
Digest ion and gasi f icat ion were
thus compared using CRD's
assessment for the proposed
digester at Hart land Landf i l l , shown in Figure 9, adjusted to equate plan t
s ize. This shows Advanced Gasi f icat ion is f inanc ia l ly prefe rable,
potent ia l ly y ie ld ing a div idend whereas digest ion is expected to requi re
cont inuing taxpayer support .

F i g u r e 7 : P l a n n e d D i g e s t e r , H a r t l a n d L a n d f i l l

F i g u r e 8 : A d va n ce d G a s i f i e r U S A
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Aspect Anaerobic digestion Advanced Gasification

Feedstock suitability ≈11% of volume
Organics only

≈75% of volume
Most solid wastes

Recovered, saleable resources Biogas for heating/RNG Heating, cooling, biochar
Capital cost per tonne processed, life cycle ≈-$232 per tonne ≈-$91 per tonne
Operating cost per tonne processed, annual -$3.0m/yr -$1.6m/yr
Total net life cycle cost/revenue, undiscounted,
current $$, after debt

≈-$2,154 per tonne ≈+$122 per tonne

Annual tCO2e reduction Not assessed by CRD ≈8,500 tCO2e
Life cycle CO2e reduction Not assessed by CRD ≈425,000 tCO2e

F i g u r e 9 : T e ch n o l o g y C o m p a r i s o n

Waste Opt ions As noted prev ious ly , Esquimal t 's was tes are col lected by the Township and
pr ivate companies, ra is ing the quest ion of whether to s ize a plan t to
process purely the Township 's col lec ted wastes, or a l l wastes. Whi le i t
would be poss ib le to process more wastes than purely Esquimal t 's , we
evaluated the impac ts of these two main opt ions : (a) Figure 10 summarizes
the net annual tCO 2 e GHG reduct ion and tCO 2 e sequestrat ion; and, (b)
Figure 11 shows the div idend per home. These indicate both a f inanc ia l
and envi ronmental benef i t in hand l ing al l the was tes generated in
Esquimal t , not jus t the Township-col lected wastes.

Environmental Comparison: Township vs Combined Wastes
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F i g u r e 1 0 : E n v i r o n m e n t a l W a s t e C o m p a r i so n

Financial Comparison: Township vs Combined Wastes
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F i g u r e 1 1 : F i n a n c i a l W a s t e C o m p a r i so n
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Notably Figure 11 shows that as the communi ty grows and the plant
reaches capaci ty ,  the d iv idend could be up to ≈$360 per  home,  net .   Whi le  
th is is l ike ly to be used to pay for other serv ices and avoid higher taxes, i t
is ind icat ive o f the l ike ly benef i t to taxpayers, ne t of the investment needed
for bui ld ing the plant .

Energy &
Resource
Recovery

Because a signi f ican t part of an IRM phi losophy is maximis ing reuse of
recovered energy and resources, p lants need to be located c lose to energy
consumers.

F i g u r e 1 2 : I R M S i t e a n d e n e r g y U se r s

Figure 12 shows an IRM plant could be located at the curren t Publ ic Works
s i te on Canteen Road, wi th a Dist r ic t Energy System connect ing wi th
Esquimal t 's core. The loop would be bur ied along munic ipal s t reets wi th
serv ice connect ions to bui ld ings who would be suppl ied wi th both heat ing
and cool ing. This was assessed for the Township in a 2013 study by Ker r
Wood Leidal which ident i f ied ample consumers for energy. Should the
project p roceed, we recommend th is be updated as part of an integrated
Net Zero s tudy for the core, to fur ther reduce GHGs and lower energy costs
in Esquimal t .

Whi le other s i tes may ex is t and be feas ib le , the Publ ic Works Si te is wel l
located to dis t r ibute energy recovered f rom waste and is owned by the
Township . Th is s i te is prefer red and has been assumed for model l ing.
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Si te & Traf f ic The Publ ic Works Yard (Figure 13) is a recommended choice for the plan t ,
located at the intersec t ion of Esquimal t and Canteen Roads. This is wel l
s i tuated to minimize the cost of supply ing recovered energy to Esquimal t 's
core,  us ing  a ≈1km energy loop,  o r  to  other  potent ia l  major  consumers .  

Phasing and the abi l i ty to expand the plan t has been considered and i t
l ike ly that pro jected growth
can be accommodated. The
si te is cur rent ly used for
park ing, which would be
relocated wi th in the s i te i f
a l ternat ive park ing is
unavai lab le.

We do not expect any
not iceable or s igni f icant
change in t raf f ic caused by
the plant . We est imate up
to three trucks per day
would supply waste. These
are al ready c i rcu lat ing in
the communi ty so would not
generate new traf f ic , but instead of going to Har t land, would go to the
plant . There may be at most 3-5 addi t ional employee cars v is i t the s i te
dur ing the day. The tra f f ic impact is thus expec ted to be negl ig ib le and as
th is would reduce t raf f ic going to Hart land , t ruck ing costs would be
expected to be lower , as would GHG emiss ions .

F i g u r e 1 3 : P u b l i c W o r k s Y a r d

Conclus ion IRM technologies have recent ly been extens ively researched by CRD and
we have referenced assessments of over 90 MSW gasi f ie rs operat ing in
tota l , wi th the equivalent of over 1,000 years of use. MoE regulat ions
needing to be sat is f ied and our rev iew indicates the technology should
comply wi th the Minis t ry 's requi rements. Advanced gasi f icat ion addresses
the largest port ion of the waste streams and is less expensive and more
ef f ic ient , as wel l as being more compat ib le to recover ing energy in
Esquimal t , which has s i te l imi tat ions rest r ic t ing ef fect ive use of o ther
a l ternat ives. We conclude that a l though the Township di rected an
assessment based on gasi f icat ion, that Advanced Gasi f icat ion is the best
opt ion for Esquimal t 's needs, assumed to be located at the Publ ic Works
Yard wi th  a ≈1km Dis t r ic t  Energy System supply ing the core to  recapture  
and reuse green energy.

3 .2 System & Approach

To ensure odours f rom waste are contro l led , the plant wi l l have a negat ive pressure feeds tock
process ing and storage centre, where garbage is unloaded behind c losed doors and ai r is
f i l tered to el iminate odours. Large recyc lable and inert mater ia ls wi l l be removed and
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recyc led,  then the was te  wi l l  be  processed in  a  chipper/shredder,  b lended,  dr ied  to ≈20% 
moisture rat io , cooled and stored , ready for gas i f icat ion (Figure 14) .
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F i g u r e 1 4 : G a s i f i ca t i o n G e n e r a l P r o ce ss

Gasi f iers vary widely and in the IRM Technical Report p rov ided to the Township we ident i f ied
the Advanced RotoGasi f ier manufactured by TSI, Lynnwood, WA, as the prefer red technology,
due to i ts t rack record and robust feeds tock handl ing. Work ing wi th a speci f ic technology and
manufacturer improves cost ing and performance informat ion for the business case.

3 .3 Ana lys is

Pivota l uses a propr ie tary computer model to assess IRM projects , developed wi th input f rom
sector experts . The model combines both envi ronmental and f inanc ia l aspects to calculate
the fu l l net l i fe cyc le, us ing f inanc ia l and envi ronmental s tandards. The model is used to
run scenar ios, each of which has 105 cash f lows, p lus GHG project ions over 150 years ( to
assess GHG l i fe cyc le ) .

Scenario Growth (a) Township (b) Combined

1 Minimum 0.3%/yr ≈3,800 t ≈7,200 t

2 Moderate 1.0%/yr ≈4,700 t ≈9,000 t

3 High 1.7%/yr ≈5,900 t ≈11,300 t

F i g u r e 1 5 : S ce n a r i o S u m m a r y

Because populat ion and waste growth is uncerta in, we assessed scenar ios wi th populat ion
growth of 0.3%, 1% and 1.7% per annum, compar ing the resul ts g iven ei ther (a ) just us ing the
waste col lected by the Township; or , (b) Combined Township and broader communi ty wastes.
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Figure 15 shows the main scenar ios run, wi th the base models for each of these assuming a
publ ic ly-owned project .

The method of procurement and del ivery is not yet determined, and because factors such as
r isk and inves tment can vary, we also ran in i t ia l pr ivate partnership es t imates for each of the
s ix scenar ios shown in F igure 15, fo r a tota l o f twelve scenar ios. The pr ivate sector models
have been prov ided separate ly but in summary, we ant ic ipate probable pr ivate sector in terest
only in the combined waste scenar io , subject to how the cont racts are st ructured .

Because growth ( in both populat ion and waste) i s not predic table , a " jus t - in- t ime" approach
was devised using mul t ip le smal ler gas i f ier uni ts so the plant can be expanded as and when
needed. This avoids incurr ing capi ta l cos t fo r a populat ion that might never happen, bu t a lso
avoids today 's taxpayers having to fund anyth ing that is not absolute ly necessary based on
what we know today.

Figure 16 summarizes the main indica tors for the "moderate" growth curve, for both the
"Township only" waste col lected, and the "Combined" was tes fo r the who le communi ty . The
combined waste scenar io, h ighl igh ted in green, i s recommended.

Township Combined
Scenario 2a 2b

Population growth % 1.0% 1.0%
Total capex $17.3m $21.3m
Annual O&M -$1.5m -$1.7m
Waste volume 4,670 t/yr 8,930 t/yr
Life cycle profit/loss $47m $226m
Simple payback ≈14yrs ≈6yrs
Taxpayer dividend/subsidy/yr, 1st 10 yr avg ≈$0/home ≈$360/home
Total mwt, life cycle 249,000 mWht 528,000 mWht
Total GJ, life cycle 897,900 GJ 1,901,700 GJ
Life cycle biochar, tonnes 17,100 t 36,300 t
Life cycle tCO2e redn/increase 101,185 tCO2e 223,139 tCO2e
Life cycle vehicles less/more 13,200 cars 29,100 cars
Life cycle sequestered carbon, tCO2e 50,330 tCO2e 106,594 tCO2e
Life cycle landfill diversion, tonnes 140,100 t 267,900 t

F i g u r e 1 6 : I R M A n a l y s i s S u m m a r y

 Al though both 2a and 2b are v iable, 2a wi l l on ly become viable as i t approaches projec ted
capaci ty  and wi l l  l ike ly  requi re taxpayer suppor t  up to that  point  (≈18 yrs ) ,  whereas  2b is  
ant ic ipated to be viable f rom the star t of opera t ions. Note also tha t each model has
external sav ings (e .g. meet ing corpora te emiss ions targe ts , land f i l l d ivers ion benef i ts and
other sav ings) , not fu l ly accounted for in Figure 16.

 Both Township and combined waste opt ions have heat recovery and CO 2 e benef i ts , wi th
2b being much super ior over the 30 year pro ject ion per iod .

 We est imate Opt ion 2b has the potent ia l to reduce the ent i re communi ty 's GHG emiss ions
by ≈12%, and reduce the 2030 target  by ≈30%.  The po tent ia l  for  carbon sequestra t ion,  at  
no extra cost , is important g iven al terna t ives and the Township 's dec larat ion of a Cl imate
Emergency. Few opt ions ex is t able to essent ia l l y extract carbon from the atmosphere by
≈3,600 tCO 2 e annual ly , at no cost .
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 The major resources recovered are heat ing, cool ing, and biochar wi th pr imary revenues
from biochar, t ipp ing fees and energy sales. The most sensi t ive of these is biochar sales,
however most o f the revenues can be pre-cont racted and the value conf i rmed pr ior to
commit t ing to the projec t , to l imi t r isk .

 Landf i l l d ivers ion is achieved under al l op t ions and are desi rable given r is ing costs and
l imi ted capaci ty  at  Hart land Landf i l l .   IRM is  expected to d iver t  ≈9,020 tonnes per  year 
f rom the landf i l l – and i f adopted across the region, would extend the exis t ing landf i l l 's l i fe
to 2186 (166 yrs) .

 At bui ldout , a plan t address ing the combined Township and other communi ty wastes is
est imated to potent ia l ly  y ie ld a " rebate"  to  taxpayers in  the order o f  ≈$360/home.  Few 
other waste management opt ions ex is t wi th the potent ia l to y ie ld a rebate to taxpayers.

3.3.1 RISK

A basic r isk assessment and scenar io tes t ing was undertaken to ident i fy the main issues that
could af fec t a decis ion on whether to proceed fur ther .

Al l was te t reatment systems have technology r isk – the potent ia l fo r the systems to fa i l or
underperform. Usual ly these are handled by technology guarantees, and is t rue for the
gasi f ier , the manufacturer is wi l l ing to
guarantee the system and i ts des ign
performance at the y ie ld in the business case.
Steps to address th is are re lat ive ly s imple and
requi re laboratory and phys ical test ing of
actual sample wastes . A demonst rat ion test
wi th loca l was tes was successfu l ly under taken
in 2017, shown in Figure 17, prov ing the
system works wi th s imi la r wastes to those
found in Esquimal t .

Pro ject ion r isk – the l ike l ihood tha t populat ion
and waste grows to meet predic t ions – has
been managed by adopt ing a " just - in- t ime" phased system design and pr ic ing. Whi le th is
adds cost in the long term, i t reduces i t in i t ia l ly and means that pro ject ion r isk is reduced i f
not e l iminated.

Any project of th is scale involves cont ract and construct ion r isks. These are normal ly
handled through f ixed pr ice contract ing, bonding, war rant ies , guarantees and other
mechanisms. This r isk wi l l be moni tored through construct ion and procurement can be
structured to address and manage th is r isk .

Should the Township decide to pursue a combined waste stra tegy address ing al l o f the
communi ty 's wastes , contracts wi l l need to be put in place wi th haule rs . We conf i rmed there
is interest in th is , thus reducing th is r isk and al though i t cannot be complete ly e l iminated
dur ing the 30 year plant l i fe , s t rategies ex is t to manage i t in the long term. This helps
mi t igate volume and contract r isk .

F i g u r e 1 7 : D e m o n s t r a t i o n T e s t o f L o ca l W a s t e
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Revenues in the model have been relat ive ly conservat ive ly de termined, for example we have
exc luded the poss ib i l i ty of sel l ing electr ic i ty so BC Hydro revenue has been ignored. Aspects
such as t ipping fees and carbon credi ts have also not been aggress ive ly determined. The
model is more sensi t ive to biochar revenues so work was undertaken to conf i rm th is aspect ,
and a rate o f US$2,000/ tonne appl ied whereas re ta i l ra tes for b iochar are curren t ly sold for
US$5,000/ tonne. This is an i tem for ear ly r isk management, which can be achieved through
sample test ing and pre-contract ing. A more deta i led comment on th is i tem has been prov ided
but the system is not u l t imate ly re l iant on biochar revenues and can exceed breakeven
wi thout th is .

In terms of operat ional r isk , budgets have been assumed based on exper ience wi th o ther
p lants , and the systems themselves are not pressur ized, so do not requi re cert i f ied boi le r
engineer ing pro fess ionals . Tra in ing and shi f t s ta f f ing have been assumed wi th standard
al lowances for maintenance, so we do not curren t ly ident i fy th is r isk as especia l ly sensi t ive.

In conclus ion, whi le there are r isk concerns wi th th is system, the same is t rue wi th other
systems and the r isks are considered manageable, wi th most capable o f being mi t iga ted in
whole or part be fore f ina l commitment to const ruct . Feedstock suppl ies, construct ion and
technology perfo rmance, guarantees and revenue contrac ts can be managed before
proceeding and we have not ident i f ied r isks tha t cannot be managed or are suf f ic ient ly
s igni f icant to re ject proceeding at th is stage.

3 .4 Next Steps

We expect fur ther considerat ion wi l l be needed depending on the Township 's rev iew of the
study ’s f ind ings . Should Counci l dec ide to proceed fur ther , we recommend establ ish ing an
advisory commit tee and tak ing a measured approach to mi t igate r isks and safeguard pro ject
and taxpayer value .

The next s teps would be to concurrent ly conf i rm the IRM approach meets MoE requi rements
and has thei r support ; par tner wi th CRD to amend the Sol id Waste Management Plan to
inc lude a waste to energy IRM project for Esquimal t ; and conf i rm regulato ry and development
approval p rocesses. Then under take essent ia l laborato ry test ing of the waste as wel l as run
a phys ical test of the waste mixture to conf i rm sui tabi l i ty .

Wi th these in hand, the next major dec is ion would be to decide whether to proceed wi th a
Detai led Deve lopment and Implementat ion Feasib i l i ty Assessment wi th a proposed
Implementat ion Plan. The procurement model would be decided and the f inanc ia ls would be
updated as new informat ion is prov ided. The Township would then be in a posi t ion for one
f inal dec is ion on whether to proceed to development or not .
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4 What IRM Means For Residents

This summary is main ly intended to inform res idents and to aid wi th communi ty engagement,
so technical terms have been minimized, but a separate Technical Repor t has been prepared
wi th greater de ta i l and is avai lab le for those wi th an inte rest in the technical aspects . In that
context , the fo l lowing prov ides a simpl i f ied summary based on the recommended opt ion –
which addresses al l o f the wastes generated in the ent i re Township.

Perspective Comment

Homeowners Residents current ly separate k i tchen scraps and other wastes but
th is is expected to reduce to Blue Box i tems and a single
combined garbage can.

The fac i l i ty has the potent ia l to l imi t homeowner costs , or may
prov ide a smal l tax rebate to res idents .

No addi t ional garbage trucks are expec ted to be needed. The
garbage trucks are al ready c i rcu lat ing wi th in the communi ty and
we ant ic ipate up to  ≈3 t rucks per day  wi l l  v is i t  the s i te .  

Because the fac i l i ty is sealed, there wi l l be no odours. the
gasi f ier system has low level noise f rom the chamber ro tat ion , i t
is not expected to be an issue and below al lowable l imi ts .

F inancia l The fac i l i ty  is  expected to cost  ≈$15m in i t ia l ly ,  expanding to  
≈$21m over t ime (±15%),  wi th  eventual  operat ing  and 
maintenance cos ts  of  ≈$1.7m annual ly .  

There may be up to $226 mi l l ion net revenues, over the l i fe of the
pro ject . This is equal to a homeowner div idend (or rebate) of
≈$360 per home per year,  potent ia l ly  wi th  more beyond the  f i rs t  
30 years o f operat ion .

Grant and funding programs are l ike ly to be avai lab le but have
not been assumed.

Homeowner costs can be reduced or e l iminated using outsource
contract ing , however th is is l ike ly to reduce potent ia l d iv idends
and may af fect resource recovery and GHG reduct ion. The
maximum benef i ts are l i ke ly to be obta ined by the communi ty
owning the project .
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Perspective Comment

Envi ronmental  The p lant  is  expected to  d iver t  up to ≈9,000 tonnes of  waste 
annual ly f rom Hart land Landf i l l . I f IRM is adopted across CRD,
the cur rent landf i l l capaci ty is est imated to be extendable to 2186
at no ext ra taxpayer cost .

GHGs are es t imated  to be reduced by up to ≈4,500 tCO 2e
annual ly ,  equivalent  to  ≈12% of  the ent i re communi ty ’s  carbon 
footpr in t .   This  is  ≈31% of  the 2030 communi ty  GHG reduct ion 
target and would el imina te the corporate carbon footpr in t . The
plant  is  an t ic ipated  to remove ≈107,000 tCO 2e from the
atmosphere using biochar, which is usable as a ster i le soi l
supplement and seques ters carbon.

Resource
recovery

Recovered resources contr ibute to revenue generat ion and
carbon reduct ion . The recommended opt ion is ant ic ipated to
recover ≈17,600 MWh of  heat  annual ly ,  which d isp laces us ing  
natura l gas and oi l . This can also be used for cool ing, thus
supplement ing or replac ing ai r condi t ion ing systems.

The p lant  is  ant ic ipated to produce ≈1,210 tonnes of  b iochar,  
usable as a foss i l - f ree s ter i le soi l supplement , which equates to
≈3,550tCO 2 e GHG reduc t ion per annum.

As BC Hydro is not current ly purchasing c lean energy, e lect r ica l
energy generat ion has not been assumed. This can be added
later i f feas ib le , as the p lant compl ies wi th c lean energy
guidel ines.

Water and other resources could also be recovered but th is has
not in i t ia l ly been assumed as th is would reduce viabi l i ty . I t can
be added later i f feas ib le.

Technology The design assumes mul t ip le gas i f ie r uni ts opera t ing 24/7 /365,
expandable to cope wi th increas ing waste volumes over t ime, as
the communi ty grows.

The recommended plant locat ion is the Publ ic Works Yard,
located at the junct ion o f Esquimal t and Canteen Roads, which is
owned by the Township.

Governance As proposed the fac i l i ty wi l l be owned and opera ted by the
Township wi th opt ions to outsource operat ions to a qual i f i ed
operator . Al te rnat ive ly the fac i l i ty can be f inanced and operated
under a concess ion or s imi lar cont ract where Esquimal t shares in
the revenue potent ia l bu t r isk is reduced.

Unless taxpayers fund landf i l l expansion, Hart land Landf i l l is
scheduled to c lose between 2045 and 2048. Expansion would
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Perspective Comment

increase GHGs and requ i re both taxpayer investment and long
term taxpayer support , and would not contr ibute to landf i l l
d ivers ion or GHG reduct ion object ives. I t would also conf l ic t wi th
prov inc ia l and federal object ives, p rogrammes and regula t ions.

The carbon diox ide reduct ion and sequestrat ion potent ia l is
considered the most s igni f icant s ingle opportuni ty for the
Township to achieve i ts 2030 and 2050 carbon reduct ion goals .

Intangib le
benef i ts

There is poten t ia l fo r in tangib le benef i ts that s t imulate economic
development , as shown by examples in Europe. This at t racts
l ike-minded businesses, enhances educat ion, t ra in ing, eco-
tour ism and investment . Exper ience elsewhere is that res idents
increase act ive par t ic ipa t ion in quant i f iab le c l imate change
act ion, generat ing communi ty involvement and pr ide.
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Append ix 1: Team & Limi t ing Cond i t ions

ST U DY TE A M & AC KN OWL E DG EME N T S

This report was prepared by Graeme Bethel l , M.Sc. , QEP, a pol lu t ion prevent ion, ut i l i ty
management and gasi f icat ion specia l is t ; Chr is Corps, B.Sc. , a Land Economist specia l is ing in
complex business cases , feas ib i l i ty and viabi l i ty assessments for susta inable land
development and energy pro jects ; wi th techn ical ass is tance and input f rom James Prat t , RPP,
a publ ic consul tat ion specia l is t ; Michael Wol ine tz , a greenhouse gas quant i ta t ive and
assessment specia l is t ; and Albert Bicol , P. Eng. , an inte rnat ional energy systems and
susta inable energy master p lanning and development specia l is t . In format ion on gasi f icat ion
y ie ld, per formance, test ing and pr ic ing was kindly prov ided by Dr. Mat t Summers, P.Eng, of
West Bio fuels Inc. in Cal i forn ia and by staf f a t TSI Inc. , of Washing ton State, inc luding VP
Andrew Johnson and Matt Hof fman P.Eng. Thei r contr ibu t ions are gratefu l ly acknowledged.

The authors acknowledge that the Township of Esquimal t ex is ts on unceded Lekwungen
lands, home of the peoples now known as the Esquimal t and Songhees Nat ions.

We are gratefu l to the Township of Esquimal t for prov id ing informat ion for the repor t and
guidance on opt ions , and waste haulers act ive in the region for assess ing wastes in
Esquimal t and informat ion on di f feren t waste types. Last ly we are gratefu l fo r k ind ass is tance
of system manufacturers and prov iders for thei r help assess ing how to opt imize systems and
in pr ic ing opt ions.

ASSU MP T ION S & L IM IT IN G CON DIT ION S

The info rmat ion in th is document was compi led for the purpose of prov id ing a prel iminary
assessment of the poten t ia l for implement ing IRM of waste st reams generated in the
Township of Esquimal t us ing gasi f icat ion. The authors have prepared th is document a t the
request o f the Township, sole ly for th is purpose.

Informat ion in th is repor t f rom which conclus ions have been der ived has been prov ided by the
Township and th i rd part ies. Whi le reasonable sk i l l , care and di l igence have been exerc ised to
assess the informat ion acqui red dur ing the preparat ion o f th is report , no guarantees or
warrant ies are made concerning the accuracy or completeness of th is in format ion, a l though
the info rmat ion prov ided by others is represented to be accurate by the suppl iers . This
document , the informat ion i t conta ins, and the basis on which i t re l ies and facto rs associated
wi th implementat ion of resource recovery f rom gasi f icat ion are subject to changes which are
beyond the contro l of the authors.
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IRM requi res an inter-d isc ip l inary approach. As a resul t , components of the document were
prepared by profess iona ls in one f ie ld who are not qual i f i ed in the other f ie lds of s tudy. Whi le
di l igence has been appl ied to the assessment , the scope of th is report d id not a l low for fu l l
in ter-d isc ip l inary c ross-ver i f icat ion of a l l components.

This report inc ludes screening- level est imates which should not be re l ied upon for des ign or
other purposes wi thout ver i f icat ion , fo r example through deta i led feas ib i l i ty s tudies and
especia l ly as recommended by the authors. The authors do not accept responsib i l i ty fo r the
use of th is report for any purpose other than tha t s tated above and do not accept
responsib i l i ty to any th i rd party for the use, in whole or in par t , o f the contents of th is
document . This report is in tended to prov ide a prel iminary assessment to meet the purposes
of th is study and cannot be appl ied to o ther jur isd ic t ions or appl icat ions wi thout convers ion,
analys is and conf i rmat ion wi th the authors. Any use by any ent i ty or c l ient , consul tants , sub-
consul tants or any th i rd party , o r any re l iance on or decis ions based on th is document , are
the responsib i l i ty o f the user or th i rd par ty .

Part ies seeking to re ly on th is report should not do so wi thout f i rs t sat is fy ing themselves to
the accuracy and ex tent of the contents , wh ich have been prepared for the speci f ic purposes
of the c l ient .


