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1 Executive Summary

During the planning process for CRD's
McLaughl in Point sewage treatment
p lant p lanning, i t became clear that
Esquimal t 's communi ty supports
Integra ted Resource Management,
which arose f rom a prov inc ia l s tudy and
in i t ia t ive publ ished in 2008. Af ter CRD
decided not to pursue IRM, Counci l
commiss ioned the current s tudy to
assess whether and how i t might
implement IRM for Esquimal t 's wastes ,
g iven communi ty suppor t .

Our main conclus ion is that IRM can be
implemented in Esquimal t and that th is
can reduce taxpayer cos ts , lower Green
House Gases and sequester carbon,
recover resources and maximize landf i l l
d ivers ion, which i f more broadly
adopted regional ly , could extend Har t land Landf i l l 's ex is t ing capaci ty to 2186. IRM has the
potent ia l to generate a prof i t , net o f both capi ta l and operat ing cos ts , and become a new
source of revenues for the Township. There would be smal l addi t ional employment and more
money would remain and be re-spent in the communi ty .

The Township co l lects  ≈52% of  the ident i f ied  waste s t reams and whi le  a  p lant  could  be 
implemented sole ly address ing th is waste, i t may only achieve breakeven. However pr iva te
haulers are wi l l ing to contr ibute thei r wastes, wh ich improves economies of scale, ra ises
v iabi l i ty  and which we recommend pursuing.   A p lant  can be phased,  s ta r t ing at  ≈$15m,  r is ing  
to ≈$21m as the communi ty  grows.   Opt ional ly  the cost  could  be reduced or  even e l iminated,  
depending on: (a) procurement approach; and, (b ) gran ts .

We recommend the Township 's Canteen Road Publ ic Works s i te as a plant locat ion and that
the Township can meet the Minis t ry of the Envi ronment and Cl imate Change St rategy (MoE)
5Rs pol lu t ion prevent ion strategy . The analys is has assumed use of th is s i te and would need
updat ing i f a di f ferent s i te is chosen. Reviews by CRD (and th is study) concluded Advanced
Gasi f icat ion is a sui table technology , as requi red by the Minis t ry 's regulat ions to proceed.

IRM was or ig inal ly conceived to v iab ly maximize carbon reduct ion and resource recovery.
Esquimal t has set a target of being corpora te ly carbon neutra l wi th 38% reduct ion by 2030
and carbon neut ra l by 2050. At fu l l operat ion the net pro jected GHG reduct ions would be
≈4½ t imes the Township 's  corporate GHG prof i le  or  ≈12% of  the ent i re communi ty 's  GHG 
prof i le ,  i .e .  ≈4,500 tCO 2 e annual ly  (≈223,000 tCO 2 e over i ts l i fe t ime), wh i le potent ia l ly

Summary Metrics - Recommended Option Scenario 2b

General

Estimated total capital cost (upper range costing) ≈$21.3m

Estimated annual O&M cost ≈$1.7m

Tonnes/yr landfill diversion ≈9,000 t/yr

Public sector model

Internal Rate of Return (before debt) 22%

Total net taxpayer profit (30yr life cycle) ≈$226m

Taxpayer dividend per yr, avg 1st 10 yrs ≈$360/home

Private sector model

Leveraged IRR (30% equity, net of debt) 48%

Total net profit after debt, leveraged (30yr life cycle) ≈$235m

Environmental & resource recovery

GHG tCO2e/yr reduction 4,500 tCO2e/yr

CO2e reduction, life cycle vehicles equivalent 29,100 cars

Total biochar tonnes/yr 1,210 t/yr

Sequestered carbon (30yr life cycle) ≈107,000 tCO2e

Face yield, mw thermal ≈2.00 mw

Total recovered mw thermal (30 yr life cycle) ≈528,000 mWht

F i g u r e 1 : K e y M e t r i c s - R e co m m e n d e d O p t i o n
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y ie ld ing a d iv idend to taxpayers of  ≈$360 per home, which  equates to a net  l i fe  cyc le  
prof i t /d iv idend o f  ≈$227m.  The recommended opt ion can a lso seques ter  ≈107,000tCO 2 e over
the project 's l i fe cyc le , which means IRM could be carbon negat ive – i .e . beyond carbon
neutra l – whi le reducing taxpayer cos t , ne t of debt and al l o ther costs . This is a considerable
benef i t and achievement , but we caut ion wi l l on ly be achieved wi th di l igence.

We assessed opt ions using the wastes col lected by the Township , or by adding pr iva te ly
col lected wastes. This would address the communi ty 's overa l l wastes and produce a more
complete plan , but the extra volume would also improve ef f ic iency, maximiz ing landf i l l
d ivers ion, f inanc ia ls , GHG reduct ion and resource recovery . An opt imized IRM plan can
potent ia l ly achieve the h ighest land f i l l d ivers ion rate we are cur rent ly aware of in BC.

We concluded that not pursuing IRM wi l l inc rease Esquimal t taxpayers ' costs , because the
regional use of anaerobic digest ion requi res cont inual taxpayer funding, whi le only deal ing
with ≈11% of  Esquimal t 's  wastes.   By  contras t  IRM can address 100% of  the wastes current ly  
col lected by the Township and the revenues f rom IRM can avoid taxpayer support . Not
pursuing IRM with Advanced Gasi f icat ion wi l l a l so miss the opportuni ty to maximize resource
recovery, cannot opt imize GHG reduct ion, and may ei ther sub-op t imize or miss the
opportuni ty to sequester carbon.

Should Counci l dec ide to proceed fur ther , we recommend a number o f s teps before making a
major f inanc ia l commitment . Key to these is test ing, which is needed to prove tha t the
system wi l l work wi th the actual p roposed wastes and to secure a manufacturer 's guarantee.
Comment on next s teps is expanded in the report .

Exper ience wi th Advanced Gasi f icat ion in Europe is that i t s t imulates economic development ,
at t ract ing l ike-minded businesses and boost ing eco-educat ion, t ra in ing and eco-tour ism. In a
European example i t p rov ided the communi ty wi th a tangib le connect ion to c l imate act ion and
in Esquimal t for instance, might be by using a ster i le b iochar that removes carbon from the
atmosphere . These and related aspects wi l l be explored dur ing publ ic consul tat ion .

In c los ing i t is important to note tha t engagement was under taken to conf i rm key aspects such
as the potent ia l to contract wi th haule rs , manufacturer pr ic ing and procurement opt ions wi th
al ternate serv ice del ivery . Implementat ion is thus considered feas ib le and i f undertaken
appropr iate ly , is expected to be both f inanc ia l ly and envi ronmental ly benef ic ia l fo r the
Township and Esquimal t taxpayers.
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2 Assumptions & Limiting Conditions

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
th i rd part ies. Whi le reasonable sk i l l , ca re and di l igence have been exerc ised to assess the
informat ion acqui red dur ing the preparat ion of th is repor t , no guarantees or warran t ies are
made concerning the accuracy or completeness of th is in format ion, a l though the informat ion
prov ided by others is represented to be accura te by the suppl iers . This document , the
informat ion i t conta ins, the informat ion and basis on which i t re l ies and factors 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.

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 of th is repor t of any use and l imi tat ions o f
appl icat ion o f any informat ion in th is report . 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 .
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3 Background

3.1 Introduction

The purpose of th is study is to evaluate and assess the potent ia l for an Integrated Resource
Management ( IRM) approach to manage waste s treams generated by the Township of
Esquimal t , which compr ise: (a) l iqu id waste and l iqu id was te energy; (b) sol id wastes
col lected by the Township – compr is ing MSW, food scraps, yard and garden wastes; and, (c )
sol id wastes col lected by pr ivate haulers – which are s imi la r to Township-col lected wastes but
are col lected from businesses and higher-densi ty development . The Township wishes to
assess the potent ia l imp lementat ion of an IRM system to see whether i t can create addi t ional
benef i ts for the communi ty f rom these waste s treams.

In summary the Repor t compr ises:

 A background on IRM, inc luding a br ief explanat ion of what i t is , as we l l as ex is t ing work
and rev iews, and other contr ibutory in format ion;

 A general rev iew of pert inent technology, Esquimal t 's demographics, cur rent was te
volumes and an analys is of whether IRM makes sense for Esquimal t , a l ternate
technological approaches and aspects contr ibut ing to IRM;

 An IRM assessment , inc luding a descr ipt ion of pro ject scenar ios, analys is of poss ib le
locat ions, costs , revenues, in tangib le aspec ts , r i sk , procurement and other per t inent
aspects ;

 The report f ind ings, cover ing IRM resul ts based on f inanc ia l , env i ronmental and recovered
resources, scenar io select ion and phasing, conclus ions and recommendat ions.

A number of suppor t ing appendices are inc luded, conta in ing fur ther info rmat ion re ferenced in
the report .

Note that we have at tempted to use laymen 's terms to al low a broader range of readers to
understand th is document but inev i tably some aspects are technical .

3.2 What is IRM

In tegra ted Resource Management or " 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
taxpayers (or even crea te prof i t ) and reduce greenhouse gas emiss ions (GHGs) and pol lu t ion .
IRM was created in 2008 as a resul t of a BC prov inc ia l s tudy on how to maximize resource
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recovery f rom waste, for the Minis t ry of Communi ty Serv ice and the BC Cabinet Commit tee on
Cl imate Change.

IRM is def ined as a fu l ly in tegra ted l i fe cyc le assessment and compar ison of opt ions by which
resources can be recovered from waste, to maximize the benef i ts to the envi ronment and the
taxpayer. The l i fe cyc le opt ions analys is a l lows the communi ty to then determine the bes t
opt ions, thus br inging together the fu l l f inanc ia l and envi ronmental impacts of opt ions so that
in formed socia l dec is ions can be made ( i .e . "Tr ip le Bot tom Line" ) . IRM thus makes the
f inanc ia l and envi ronmental consequences t ransparent , so meaningfu l and informed publ ic
engagement can plan the best d i rect ion. Figure 2 summarizes Pivota l 's IRM process .
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F i g u r e 2 : I R M P r o ce s s O ve r v i e w

IRM pr inc ip les are pr imar i ly dr iven by the Uni ted Nat ion 's Brundt land Commiss ion on
susta inable development , 1 whose main conclus ion was that :

"Susta inable development is development that meets the needs of the present wi thout
compromis ing the abi l i ty of future genera t ions to meet the i r own needs."

Pivota l 's IRM model has been independent ly aud i ted and uses inte rnat ional s tandards to
assess l i fe cyc le both envi ronmental ly and f inanc ia l ly , so the fu l l impact to future taxpayers

1 F o r a su m m a r y se e W i k i p e d i a .
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and the envi ronment is c lear . Our analys is and th is repor t are al igned as c losely as poss ib le
to inte rnat ional ly accepted valuat ion standards, to fac i l i ta te f inanc ing and transparency.

3.3 Prior IRM Studies

3.3.1 RESOURCE RECOVERY STUDY

In Apr i l 2013 Kerr Wood Leidal (KWL) completed a study of poten t ia l resource recovery
opportuni t ies wi th a focus largely on was tewater . Resource recovery opt ions inc luded:

 Heat Recovery f rom raw sewage and ef f luent ;

 Biogas f rom anaerobic d igest ion used to genera te
heat and/or e lect r ica l power, or upgraded to
biomethane to replace natura l gas;

 Recla imed water f rom t reated ef f luent ;

 Biosol ids f rom diges t ion combusted as fuel o r
appl ied to the land as fer t i l izer ;

 Nutr ient recovery f rom phosphorus (st ruv i te) .

KWL concluded that the most readi ly avai lab le
resources would be: heat f rom raw sewage or t reated
ef f luent ; b iogas combust ion or upgrading to sel l the
biogas to the natura l gas gr id; and dr ied biosol ids
combusted in sol id- fuel boi lers . As i t or ig inated from
a wastewater perspect ive, the s tudy exc luded
considerat ion of sol id waste and related IRM opt ions.

The study recommended fur ther assessment of a
Dis t r ic t Energy Sys tem (DES) to replace convent ional
heat ing and cool ing , and assessment of a purple pipe
system to dis t r ibute rec la imed water , inc luding for use in i r r igat ion systems. These have
current appl icat ion. I t recommended assess ing a Compressed Natura l Gas (CNG) fuel l ing
stat ion fuel led by biomethane from the ant ic ipa ted anaerobic digester .

KWL's report is now out of date for three main reasons: (1 ) the communi ty re jected anaerobic
digest ion in Esquimal t so the associa ted resources and generat ion poten t ia l are located at
Hart land, so thei r benef i t is unavai lab le in Esquimal t ; (2 ) other aspects such as land
appl icat ion o f b iosol ids have been rejected – al though CRD recent ly a l lowed temporary
appl icat ion;  and,  (3)  KWL assumed sewage f lows  ≈50% higher than have s ince proven to be  
avai lab le, accord ing to CRD's latest data on sewage f lows, which means the study 's main key
assumpt ion has proven to be an over-es t imate. The study is thus la rgely not appl icable
wi thout being re-commiss ioned, a l though aspects such as the DES cont inue to have relevance
and are considered in th is study. The energy advisors to our team, who specia l ize in Net
Zero projects , recommend that KWL's DES and related l inkages to the IRM plant need to be
rev iewed at an ear ly stage, should th is pro ject p roceed fur ther .

F i g u r e 3 : K W L R e so u r ce R e co v e r y S t u d y , 2 0 1 3
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3.3.2 MINISTRY OF THE ENVIRONMENT STUDY

We were also asked to comment on a report p repared for MoE by Stantec in 2011 which
rev iewed 'waste to energy al ternat ives, ' main ly focused on inc inerat ion. The study appears to
have most ly re l ied on a 2008 US DOE repor t and for example, d id not consider any Advanced
Gasi f ier systems from Europe or s imi lar systems in Japan, which were in operat ion and
inc luded plan ts tha t had received internat ional awards or were EU cent res of excel lence.
Whi le the report noted that gas i f ica t ion was a rapid ly advancing technology, the study was
l imi ted in scope and omi t ted considerat ion of technologies recommended to CRD by thei r
experts , so has l imi ted appl icat ion for Esquimal t 's purposes.

3.3.3 IRM TASK FORCE STUDY

Fol lowing prov inc ia l encouragement to consider IRM for CRD's l iqu id waste trea tment pro ject ,
CRD formed an IRM Task Force to assess how IRM might be implemented. The Task Force
engaged technology prov iders and independent experts who recommended gasi f icat ion, bu t
CRD ul t imate ly d id not pursue th is , which they expla ined was because prov inc ia l funding was
l inked to the product ion of Class A biosol ids, which are produced by anaerobic digesters , not
gas i f iers .

Prov inc ia l leg is lat ion gives munic ipal i t ies the pr imary responsib i l i ty and pre-eminence to
decide how they want to deal wi th waste. Regional Dis t r ic ts have the responsib i l i ty fo r
author ing a waste management plan for the region, wh ich then has to re f lect what
communi t ies want . Esquimal t is thus able to adopt an IRM approach i f i t chooses, which wi l l
in due course be ref lec ted in the regional sol id waste management plan. We contacted MoE
for conf i rmat ion of th is and they di rected us to the documenta t ion conf i rm ing i t . 2

The pr imary objec t ive of the IRM Task Force was to determine whether IRM could prov ide
f inanc ia l and envi ronmental benef i ts . The Task Force 's overa l l conc lus ions were tha t IRM
was feas ib le and wou ld prov ide f inanc ia l and envi ronmental benef i ts . 3 The Task Force
concluded that a s tructu re was desi rable to avoid jur isd ic t ional conf l ic ts – such as the
munic ipal author i ty on waste but regional responsib i l i ty to plan – and supported a pi lo t pro jec t
to t rea t b iosol ids, k i tchen scraps and MSW. The concept was that a technology
demonstrat ion would address quest ions and r isk , however the Task Force was disbanded
before th is could progress.

The Task Force and Technical Overs ight Panel had nevertheless sought proposals f rom
possib le IRM prov iders, inc luding gasi f icat ion suppl iers . I t conc luded that IRM could
integrate sol id and l iqu id wastes managed by CRD whi le also maximis ing resource recovery
inc luding generat ion of energy and even genera te a poss ib le revenue st ream.

Further research was undertaken by HDR Consul tants in August 2017 (RFEOI 16-1894) where
proponents indicated tha t gas i f icat ion could deal wi th MSW, ki tchen scraps, b iosol ids and
mixed wastes as s ingle streams or in mixed rec ipes. Final ly CRD conf i rmed that IRM has " the

2 S e e B C M O E w a s t e m a n a g e m e n t w e b s i t e .

3 S e e R e p o r t F r o m T h e C R D I n t e g r a t e d R e so u r ce M a n a g e m e n t Ta sk F o r ce .
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potent ia l to impac t every aspect of sol id waste management in the region . " 4 CRD ul t imate ly
dec ided not to pursue IRM. Other work has been undertaken on IRM with in CRD's l iqu id
waste management pro ject , wi th addi t ional comments prov ided star t ing on page 15.

3.4 Climate Change

The Township has completed Cl imate Act ion Revenue Incent ive Program (CARIP) Publ ic
Repor ts fo r 2017, 2018 and we are advised 2019 is in prepara t ion. These summarize plans
and act ion to be taken to
reduce corpora te and
communi ty energy and
greenhouse gas (GHG)
emiss ions and repor t on
progress towards achiev ing
carbon neutra l i ty . We also
rev iewed Esquimal t 's
communi ty emiss ions tota l ,
avai lab le f rom prov inc ia l
data.

As the Township 's carbon
report ing is avai lab le
separate ly , we summarize
that :

 Esquimal t 's overa l l to ta l
GHGs publ ished in the
prov ince 's Communi ty
Energy & Emiss ions
Inventory ("CEEI") 2012 5

as 37,644 tCO 2 e. This is
the tota l emiss ions from
al l documented act iv i t i es
in Esquimal t ;

 Esquimal t has
establ ished goal of
reducing communi ty GHG emiss ions by 38% by 2030 and to become carbon neut ra l by
2050;

 CEEI data shows 2017 Esquimal t waste as being 6,223 tonnes or 2,459 tCO 2 e;

 Esquimal t has a munic ipal corporate annual balance of 1,005.25 tonnes per annum CO2e
that i t needs to el imina te to become carbon neut ra l .

4 C R D E R M 1 7 - 3 0 a t p a g e 2 .

5 W e n o t e t h a t a l t h o u g h a n a c ce p t e d ca l cu l a t i o n o f t C O 2 e , w e co n s i d e r i t i n co m p l e t e a s so m e c o m p o n en t s a r e o m i t t e d .
E sq u i m a l t ' s a c t u a l t o t a l G H G s a r e e xp e c t e d t o b e h i g h e r t h a n t h e p r o v i n c i a l t o t a l s . S e e C E E I w e b s i t e a n d d a t a .
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In summary for IRM to el iminate the Township 's corpora te operat ions ' GHG prof i le , reduc t ions
have to exceed 1,005 tCO 2 e. To el iminate the to ta l emiss ions for the ent i re communi ty , GHG
reduct ions have to exceed 37,644 tCO 2 e. 6 In tha t context i t is wor th not ing the commi tments
by the World Green Bui ld ing Counci l and Uni ted Nat ions that a l l bu i ld ings need to be Net Zero
Energy or carbon neutra l by 2050, and that IRM contr ibutes to these resolut ions. 7

Whi le Figure 4  shows that  Esquimal t 's  was te contr ibutes  ≈11% of  the overa l l  communi ty  GHG 
to ta l , IRM has the poten t ia l to replace heat ing – which is o f ten prov ided by natura l gas and
heat ing oi l . Thus, us ing energy recovered from waste to displace foss i l fue ls has the
potent ia l to reduce the communi ty 's carbon prof i l e to a greater degree than shown by Figure
4. Al l scenar ios prepared by us indica te the potent ia l to e l iminate the Township 's corporate
GHG prof i le whi le the percentage GHG reduct ion for the whole communi ty var ies depending
on plant s ize .

Considerat ion also has to be given to inc reas ing heat impacts f rom cl imate change. CRD's
pro ject ions 8 ind icate r is ing temperatures year- round wi th reduced ra infa l l in summer months.
Ris ing temperatures wi l l tend to shi f t demand away from heat ing towards increased cool ing –
both of which can be prov ided from gasi f icat ion o f waste and are inc luded in our models .
CRD also projects grea ter s torm events dur ing winter , spr ing and fa l l , wh ich is expected to
worsen sewage inf luent and inf i l t ra t ion . Dur ing the June-September months from which the
Average Dry Weather Flow ("ADWF") are ca lcula ted 9 vo lumes are p ro jected to fa l l  by ≈20%, 
but temperature di lu t ion from I&I may reduce energy recovery potent ia l .

Ef for ts to reduce emiss ions from waste have resul ted in increased waste separat ion and
sort ing so organics – a major GHG contr ibu tor – can be managed di f ferent ly to reduce thei r
GHG impact . Unfor tunate ly Figure 5 shows that emiss ions from waste have been fa i r ly s table
recent ly , despi te waste separat ion and landf i l l d ivers ion ef for ts . Local t rends are s imi lar ,
s ince CRD's da ta shows that  o rganics d ivers ion has been r isen to  ≈39% between 2009 and 
2016 (Figure 21), at apprec iable cost ( in some instances exceeding $400/ tonne as compared
wi th landf i l l ing at $110/ tonne, unsorted) . Al though th is wi l l have improved since CRD's last
study,  th is  means ≈61% is  s t i l l  be ing  landf i l led.   Mul t ip le communi t ies have exper ienced 
di f f icu l t ies wi th convert ing food waste into compost 10 and a Vancouver biomass expert notes
that demand and pr ice for compost is low. This has resul ted in companies becoming marginal
or fa i l ing 11 – as shown for example in Richmond, Duncan, Saanich and at Duke Point . The
main chal lenges are summarized as: (a) communi ty pressure – both for and against ; (b ) odour
– the la rgest chal lenge; (c) separated organics being contaminated, e.g. wi th plast ics ; and,
(d) lack of prof i tab le markets fo r the resul t ing compost . 12 This is d iscussed fur ther as part of
sect ion 4.1 Technology Review, on page 15.

6 S o u r ce : B C P r o v i n c i a l C E E I r e p o r t s .

7 S e e U n i t e d N a t i o n s ' S u s t a i n a b l e D e ve l o p m e n t g o a l s a n d t h e W o r l d G r e e n B u i l d i n g C o u n c i l ' s N e t Z e r o s i t e .

8 C l i m a t e P r o j e c t i o n s f o r t h e C a p i t a l R e g i o n , C R D , 2 0 1 7

9 P e r S t a n t e c m e m o t o C R D , 2 0 1 7 : " … a ve r a g e d r y w e a t h e r f l o w ( A D W F ) … i s t h e su m o f t h e b a s e sa n i t a r y f l o w p l u s t h e
f l o w s a t t r i b u t e d t o g r o u n d w a t e r i n f i l t r a t i o n d u r i n g t h e … p e r i o d f r o m Ju n e 1 s t t o A u g u s t 3 1 s t . "

10 S e e f o r e xa m p l e o n l i n e a r t i c l e s # 1 , # 2 , # 3 , # 4 , # 5 , # 6 , # 7 .

11 A R i ch m o n d f a c i l i t y a t t r a c t e d t h e m o s t co m p l a i n t s a n d l a r g e s t f i n e s i n B C h i s t o r y , w a s f a c i n g f i n e s o f u p t o $ 1 m / d a y
a n d h a d a c l e a n u p co s t  w a s  e s t i m a t e d  a t  ≈ $ 2 4 m .  

12 A s e xa m p l e s o f t h i s : T h e o p e r a t o r o f a ( n o w c l o se d ) S a a n i ch p l a n t r e p o r t e d a s m u ch a s 5 0 % o f t h e o r g a n i c s h a d t o b e
r e j e c t e d d u e t o co n t a m i n a t i o n . A co m p o s t i n g o p e r a t i o n a t D u k e P o i n t , N a n a i m o h a d t o b e r e f i n a n ce d a n d w a s r e so l d
t w i ce a n d co n t r a c t s w e r e r e s t r u c t u r e d . A D u n ca n s i t e p r o ce s s i n g S a a n i ch w a s t e i s u n d e r p r e s su r e f r o m o d o u r
co m p l a i n t s . S m a l l e r f a r m co m p o s t o p e r a t i o n s i n S a a n i ch a l so r e p o r t co n t a m i n a t i o n p r o b l e m s .

https://www.theglobeandmail.com/news/british-columbia/bc-composting-plant-source-of-smell-complaints/article32046406/
https://www.cowichanvalleycitizen.com/opinion/stench-from-fisher-road-facility-intolerable/
https://www.timescolonist.com/news/local/smelly-central-saanich-composter-loses-court-bid-to-get-licence-back-1.797363
https://www.nanaimobulletin.com/news/investors-shore-up-compost-facility/
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3.5 Regulatory

The key main regula tory processes that IRM wi l l be requi red to meet are: (a) the Minis t ry of
the Envi ronment and Cl imate Change Stra tegies ' (MoE) pol lu t ion prevent ion 5R's guidel ine,
a imed to maximiz ing recyc l ing, reuse etc . ; (b ) MoE's fac i l i t ies and emiss ions regula t ions; (c)
compl iance wi th regional waste management plans; and, (d) Esquimal t ’s communi ty support
and approvals .

3.5.1 5R’S GUIDELINES

MoE’s guidel ines for the management of wastes is
based on a pol lu t ion prevent ion hie rarchy to Reduce,
Reuse, Recyc le, Recover and Residuals Management.
This pr io r i t izes levels by which munic ipal i t ies should
approach waste management, i .e . opt ions for any
mater ia l should be considered at each level , be fore
moving down the hierarchy. The purpose is to ensure
waste management prac t ices maximize recyc l ing
before consider ing a waste to energy recovery
solut ion. The pol icy is a lso to encourage use of the
hierarchy as a tool to determine best waste
management pract ices.

Much of the waste in BC is col lected by pr iva te
haulers who ei ther deposi t i t a t a regional landf i l l or at
a regula ted fac i l i ty typ ica l ly other than a landf i l l , such
as a Blue Box recyc l ing centre which are avai lab le
across BC. Under cur rent was te management plans
resource recovery has pr imar i ly been focused on
compost ing programs for k i tchen scraps and other
organics wi th a few munic ipal i t ies and regional
d is t r ic ts us ing anaerobic digest ion to recover biogas
to heat the digesters and/or fo r e lec t r ica l p roduc t ion.

There are no examples where thermal (gas i f icat ion) t reatment is being used to produce
synthes is gas (syngas) for the recovery of e lect r i c i ty or heat ing/cool ing. This is unfor tunate
because energy product ion is h igher than Anaerobic Digest ion but tox ic chemicals and
pathogens are destroyed, GHG emiss ion reduct ions are s igni f icant ly h igher, the resul t ing
biochar is more valuable than compos t as a soi l amendment or f i l t ra t ion medium and the
process also genera tes revenue streams from the sale of energy, GHG credi ts and biochar .

The CRD has enacted Bylaws for managing biosol ids us ing anaerobic digest ion to produce
biogas, which wi l l be used to main ta in opt imum temperature of the digesters . We understand
the cur rent proposal is to barge res idual b iosol ids to the Lower Main land for burn ing wi th coal
in a cement k i ln as the f inal d isposal measure, however i t would be poss ib le for th is to be
diver ted to Esquimal t 's gas i f ier i f th is was acceptable to the communi ty . We understand f inal

13 S e e M E C C w e b s i t e .

F i g u r e 6 : M o E W 2 E G u i d e l i n e s 13

https://www2.gov.bc.ca/assets/gov/environment/waste-management/garbage/wtefactsheet.pdf
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contracts have not yet been signed and barging is an apprec iable cos t fo r CRD and accept ing
these in Esquimal t could reduce cos ts . CRD's plan is not f ina l a t the t ime of wr i t ing and may
be worthy o f d iscuss ion, but only i f accept ing these wastes is acceptable to the communi ty .

3.5.2 FACILITIES AND EMISSIONS REGULATIONS

In order to consider energy recovery, MoE expec ts that local governments wi l l fo l low the 5R’s
guidel ines, which out l ine the pr imary elements fo r approval of a proposed waste to energy
recovery fac i l i ty (Figure 6):

 Munic ipal and Regional waste disposal rates must be at or below MoE’s guidel ine rate o f
350 kg/capi ta/yr before consider ing the inc lus ion of an IRM energy recovery f rom waste;

 Partner wi th thei r Regional Dis t r ic t to amend the i r regional Sol id Waste Management Plan
(SWMP) to inc lude the IRM energy recovery fac i l i ty ;

 The proposed IRM fac i l i t y ’s energy recovery ef f ic iency must be a least 60% for the
selected technology;

 The proposed IRM fac i l i t y ’s emiss ions must meet the Operat ional Cert i f icate requi rements
of a waste to energy mass burn inc inerato r ;

 There must be adequate publ ic consul tat ion of the proposed IRM energy recovery pro ject
before approval can be prov ided.

In summary the disposal rate and energy y ie ld meets 5R's guidel ines. IRM gasi f icat ion is
a lso expected to meet MoE’s emiss ion s tandards . Therefore, we conclude the Township and
i ts proposed use of Advanced Gasi f icat ion is able to meet and exceed Minis t ry guide l ines.

3.5.3 SOLID WASTE MANAGEMENT PLAN

The cur rent CRD Sol id Waste Management Plan (SWMP) has commenced the process to be
updated and they expect a draf t of the new SWMP wi l l be presented to the CRD Envi ronment
Commit tee and the Board in the fa l l , which prov ides adequate t ime for the Township to submit
thei r in tent ion to have an IRM fac i l i ty , to be inc luded in the new SWMP. In prepara t ion, the
Township should conf i rm communi ty support for an IRM approach.

The pr imary issues MoE requi res assessed inc lude:

 Best Avai lab le Technology - Several rev iews of a l ternat ive energy recovery technology
opt ions have been under taken by CRD and the IRM Task Force that demonstrate the
Township has approached th is pro ject in a manner to ensure that the IRM fac i l i ty wi l l use
best avai lab le technology. The independent rev iew by CRD conf i rmed Advanced
Gasi f icat ion as a techno logy but per request , we have inc luded a technology rev iew and
compar ison star t ing on page 15;

 Financia l Viabi l i ty - Ex tens ive TBL f inancia l model l ing has been undertaken to ensure that
the selected IRM approach maximizes resource recovery and is the most cost ef fect ive
opt ion avai lab le;

https://www2.gov.bc.ca/gov/content/environment/waste-management/garbage/waste-to-energy
https://www2.gov.bc.ca/gov/content/environment/waste-management/garbage/waste-to-energy
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 Air Emiss ions Compl iance - From the manufac turer ’s records and from prev ious waste
test ing the selected IRM opt ion shows compl iance wi th al l env i ronmental a i r emiss ion
regulat ions for munic ipal waste inc inera tors . Calculat ion of actual a i r emiss ions from
Esquimal t ’s waste is p lanned to be undertaken at the next s tage of the project and there
are no indicat ions th is wi l l not comply;

 Si te Speci f ic Issues – MoE requi res s i te-speci f ic issues to be considered , which are
expla ined in grea ter deta i l la ter . Note that several gas i f ie rs have been approved in BC 14

and al l meet s i te speci f i c requi rements set out in thei r permi t author izat ions. There are
no issues cur rent ly known that suggest an IRM fac i l i ty in Esquimal t would not be
compl iant and permi t ted;

 Publ ic engagement – Engagement through the West Shore Innovat ion Days, the IRM Task
Force publ ic engagement, and the engagement to fo l low as part o f th is s tudy cont r ibute to
meet ing MoE's requi rements for publ ic engagement. Pr io r engagement has demonst rated
support , hence th is study;

 Biochar Value - Biochar product ion from the IRM fac i l i ty wi l l be tested pr ior to f ina l
se lect ion to conf i rm i ts use as a soi l amendment and i ts po tent ia l to be used as ai r or
water f i l te r medium where the market is much more valuable .

In summary, the Townsh ip 's proposed IRM direct ion appears consis ten t wi th and able to meet
or exceed curren t prov inc ia l government requi rements, as the technology has been rev iewed
and what is be ing proposed is the best avai lab le . This study conf i rms IRM using gasi f ica t ion
can prov ide opt imum resource recovery and is the most cost-ef fect ive approach. The
Township 's per capi ta waste levels appears to comply wi th the 5R’s guidel ines enabl ing i t to
proceed to energy recovery. Combined, th is conf i rms tha t Esquimal t has met the in i t ia l
Prov inc ia l requi rements to proceed wi th the deta i led planning and assessment of an opt imized
IRM fac i l i ty in Esquimal t to be part of the Regional SWMP.

3.5.4 MUNICIPAL DEVELOPMENT PERMITS

Esquimal t ’s Development Permi t t ing (DP) process ar ises f rom the development appl ica t ion
procedures and fees out l ined in Bylaw 2791 which sets out the process for the development
of an IRM fac i l i ty and addresses:

Timing – A development permi t appl icat ion must be submit ted to the Director of Development
to commence the permi t t ing process. This appl icat ion would inc lude a se lected s i te;
descr ipt ion of the complete IRM fac i l i ty wi th inputs /outpu ts ; GHG prof i le ; MoE approval
process; pub l ic consul ta t ion outcomes and conceptual des igns. We have al lowed ample t ime
for th is to take place by prov id ing a two year planning and preparat ion al lowance in
model l ing.

Si te zoning – zon ing requi rements are out l ined in Appendix A of Bylaw 2791 and in th is case
the IRM fac i l i ty wi l l requ i re Indus tr ia l Zoning . I f the zoning has to be changed to al low
gasi f ier operat ions, i t wi l l t r igger a requi rement for a s i te pro f i le to be undertaken under the
Contaminated Si tes Regulat ions, which may increase costs s l igh t ly and extend the t imel ine
for overa l l permi t t ing requi rements.

14 F o r e xa m p l e i n V i c t o r i a , a t U B C i n V a n co u ve r a n d U N B C ' s n o r t h e r n ca m p u s i n P r i n ce G e o r g e .
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Appl icat ion for Development – A deta i led pro jec t descr ipt ion wi l l have to inc lude al l featu res
of the pre-development phase inc luding concept des ign, s i te geology, lo t s ize, zoning and
MoE’s Envi ronmental Impact Assessment (EIA). The EIA would inc lude a descr ipt ion of the
technology chain f rom feedstock receiv ing and process ing to the gasi f icat ion system and
thermal ox idat ion/heat exchanger wi th ai r emiss ions trea tment . I t wi l l a l so inc lude the
impacts f rom onsi te construct ion, commiss ioning fo l lowed by long term operat ions .

Publ ic consul tat ion – A publ ic consul ta t ion process must be conducted wi th res idents wi th in
100 m of the proposed s i te as per Appendix B of Bylaw 2791. The consu l tat ion process must
be carr ied out in accordance wi th the terms of the DP process adequate ly adv is ing res idents
of the publ ic consul tat ion meet ings v ia mai l and f lyers , p rov ide deta i ls o f where, when and at
what locat ion consul tat ions are to occur as wel l as out l ine the opportuni t ies to prov ide input .

Development appl ica t ion fees – The development permi t fees are out l ined in Appendix B of
Bylaw 2791 and are l ike ly to be in the order of $25,000.

3.6 Grants

Al l levels o f government manage grant and funding programs to encourage research
development and demonstrat ion of c lean energy technologies in Canada. Canada’s
investment in c lean energy is an important par t o f bui ld ing a c lean economy and therefo re,
grants are avai lab le.

There are mul t ip le grant sources and programmes change f requent ly , so whi le some may end,
typ ica l ly others rep lace them. Sui tabi l i ty , avai lab i l i ty and appl icat ion wi l l need to be rev iewed
should the projec t proceed fur ther . A l is t of iden t i f ied cur rent gran ts is inc luded in Appendix
4:Grants on page 83. Other grants become avai lab le per iodical ly wi thout not ice, for example
at the t ime of wr i t ing, there is d iscuss ion that COVID-19 economic st imu lus grants may be
made avai lab le for green inf rast ructu re, which an IRM plant should qual i fy for .

Whi le grants are general ly des igned to be benef i c ia l , they usual ly involve meet ing goals and
object ives f rom the grant programme's object ives that may not en t i re ly a l ign wi th a speci f ic
pro ject 's capabi l i t ies or even the communi ty 's purpose. They also usual l y requi re cost
shar ing and of ten involve th i rd part ies, fo r example wi th federal /p rov inc ia l grants . Appl icat ion
and approval thus usual l y adds r isk , cost and somet imes considerable delay. Some grants
have cr i te r ia that are an aimed at other technologies or processes and may thus be an
imperfect f i t for gas i f icat ion, whi le other grants can be smal le r than the cost of apply ing for
them. There is also usual ly extra report ing so the grantor can document that thei r object ives
are being achieved and the money expended correct ly . In short whi le grants are of ten
at t ract ive , they are not a lways as helpfu l as they might seem.

The main di f f icu l t ies wi th grants are that they can raise costs , cause delays, increase
uncerta in ty and r isk. We have for cur rent purposes assessed system viabi l i ty wi thout re ly ing
on grants , but inc luded a general comment about the impact tha t grants may have on viabi l i ty .
We general ly recommend cl ients do not re ly on grants and even avoid ing them i f poss ib le.
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4 Analysis

This sect ion rev iews per t inent IRM technologies , proceeding to narrow th is down to and
compare anaerobic digest ion wi th gasi f icat ion and from this , ident i f ies the best avai lab le
technology opt ion. We then analyse populat ion stat is t ics and growth pro ject ions in order to
est imate fu ture volumes of both l iqu id and sol id waste st reams, to assess poss ib le resource
recovery opportuni t ies . Whi le the scope of work for th is study focused on gasi f icat ion due to
pr ior work by the communi ty , dur ing meet ings wi th staf f i t became clear that the study needed
to conf i rm and comply wi th MoE requi rements, so technology opt ions were rev iewed and
documented accordingly . The sect ion concludes wi th a rev iew of what is needed to
understand feeds tock character is t ics f rom ini t ia l laboratory and physical test ing, to the
process tra in and possib le output products .

4.1 Technology Review

4.1.1 POSSIBLE OPTIONS

In order to consider energy recovery f rom waste, the Prov ince requi res a rev iew of sui table
technologies and that the process to consider them has met i t 's 5R's process. As apprec iab le
work has been under taken by CRD on technolog ies, we have thus undertaken a br ief rev iew
of how Esquimal t came to support IRM wi th a pre ference for gas i f icat ion , inc luding technology
assessment , communi ty exposure and feedback, wi th summary comments on technologies.

CRD assessed l iqu id and sol id waste t reatment technologies for the Core Area Wastewater
Treatment Plant at McLaughl in Po int , f rom 2006 to 2016. Since 2006 CRD has held at least
s ix proposal ca l ls inc luding Requests fo r In format ion, Requests for Express ions of In terest
and one Reques t fo r Technical Innovat ion, i .e . technologies have been exhaust ive ly rev iewed
prev ious ly bu t none have proceeded. CRD's studies main ly focused on recover ing resources
from biosol ids but proposals were able to serv ice both l iqu id and sol id waste streams. 15

During th is t ime and because Esquimal t was the focus for p lant locat ion , the communi ty
prov ided comment on opt ions, which led to local communi ty support fo r IRM and gasi f icat ion,
consis tent wi th prov inc ia l encouragement to adopt Integrated Resource Recovery – s imi la r to
IRM but omi t t ing f inanc ia l assessment . CRD's s tudies thus prov ide background on
technologies, a lbei t wi th main focus on res iduals management , and are summarized below.

CH2M Hi l l , Assoc iated Engineer ing and Kerr Wood Leidel prov ided advice to CRD between
2006 and 2009, where a range of technology opt ions were considered. Wi th regard to
biosol id res iduals , these inc luded low technology opt ions such as wi l low coppice land

15 C A W T P A sse s sm e n t o f B i o so l i d s T r e a t m e n t A p p e n d i x L , p a g e 1 6 , T a b l e 3 . 1 , C R D 2 0 1 6 .
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appl icat ions. Signi f icant communi ty res is tance to land appl icat ion was based on the potent ia l
for contaminat ion , 16 and in 2011 CRD Board banned biosol ids land appl icat ion. Proposals
cal ls and opt ions for a l ternate technologies were constra ined as a resul t and al though the
prov ince sta ted that o ther opt ions would be considered, and despi te communi ty res is tance
that inc luded protests and marches to the Legis lature, CRD reta ined focus on digest ion
wi thout hav ing resolved biosol ids res iduals .

From 2009 through 2015 Stantec considered 21 opt ions and in 2016 MoE approved CRD's
plan for thermophi l ic anaerobic digest ion and dry ing the biosol ids. Under th is , the West
Shore communi t ies deve loped Wests ide Solut ions ' Innovat ion Days chai red by Esquimal t and
Colwood Mayors, which held a proposal cal l and received a range of presentat ions on
technologies, which covered wastewater t reatment and biosol ids management, i .e . so l id
res idual o rganic wastes , for which the two main technologies advanced were inc inerat ion and
Advanced Gasi f icat ion. CRD did not u l t imate ly fo l low on the recommendat ions, bu t
Innovat ion Days inc luded publ ic part ic ipat ion over mul t ip le days and resul ted in communi ty
support for IRM and gasi f icat ion. 17 These contr ibu ted to the Township 's current d i rect ion.

In terms of sol id was te s tudies local ly , in 2011 CRD, the Regional Dis t r ic t of Nanaimo and
Cowichan Val ley Regional Dis t r ic t commiss ioned a study 18 assess ing opt ions for a large W2E
system serv ing al l three regions. I t is unc lear why a cent ra l ized system was st ipulated given
decentra l ized systems are feas ib le, as documented by CRD elsewhere . The st ipula t ion for a
centra l ized plant added both capi ta l and ongoing costs , and increased GHGs. Th is would
only have been needed for inc inerat ion-based opt ions, which the study favoured. Other
factors in the s tudy also constra ined the conclus ions, e.g. generat ion of methanol . Cos t was
thus increased by these scope l imi tat ions and d i rect ion (e .g. forc ing three regions ' waste to
be transported cent ra l ly , even to Gold River) . The study 's scope and assessment l imi tat ions
resul ted in unfavourable conclus ions and the di rect ion was not pursued.

Compost ing is an opt ion for organics process ing , and is consis tent wi th "cradle- to -cradle"
approaches prov id ing the resul t ing compost is usable, but th is has been chal lenging as
prev ious ly no ted. 1 1 For compost ing to be usefu l , the product mus t have ut i l i ty or i t fa i ls to
support c radle- to-cradle or reduce carbon emiss ions – the pr imary object ives. In that regard
a local haule r reports that there is no demand for compost and that they have four years '
unsold supply on hand. A communi ty watchdog reports that Saanich peninsula farms wi l l not
take organics due to communi ty concern about contaminat ion and tox ins, i .e . there is l imi ted
or no demand for the composted products even i f they are f ree (Class A Biosol ids are
potent ia l ly problemat ic for s imi lar reasons). These comments apply to food produc t ion lands
however , as two farms using compost for non-food produc t ion repor t cha l lenges and
addi t ional cos ts separat ing contaminants wi th in the compost or us ing the compost v iably .
The impact on lands using compost i f they are returned to food product ion is unknown.

Whether wel l founded or not , we conclude there are chal lenges using compost in th is region.
Given the foregoing and as compost ing has a nut r ient approach simi lar to anaerobic
digest ion, but wi thout the potent ia l to y ie ld other products , compost ing has not been
considered fur ther bu t anaerobic digest ion is a sui table opt ion for considerat ion.

16 C R D ' s e xp e r t s n o t e d t h a t l a n d a p p l i ca t i o n m i g h t h a ve 2 2 ye a r s ' l i f e b e f o r e co n t a m i n a t i o n w o u l d b e p r o b l e m a t i c
( B r o w n & C a l d w e l l 2 0 0 9 , s s3 . 2 . 1 . 2 ) .

17 O t h e r t h a n I n n o va t i o n D a ys , p u b l i c su p p o r t w a s a l so i n d i ca t e d d u r i n g M cL o u g h l i n P o i n t r e zo n i n g , i n se ve r a l
p u b l i ca t i o n s a n d w i t h p r e se n t a t i o n s f r o m g r o u p s i n c l u d i n g E sq u i m a l t R e s i d e n t s ' A s so c i a t i o n , R I T E P l a n a n d S T A G .

18 S e e T r i - R e g i o n a l S t u d y , A E C O M , 2 0 1 1 .

https://www.crd.bc.ca/westside-solutions/information-materials/innovation-days
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A number of other technologies are in the development stage and may become technolog ies
sui table fo r considerat ion in waste management, such as Biofuels genera t ion. For example
demonstrat ion-scale pro jects in Alberta and Nova Scot ia are progress ing, but have not proven
themselves stable enough to date, o r have the f inanc ia l substance to guarantee both
performance and yie ld, such they can prove and then underwr i te , per fo rmance wi th
Esquimal t 's waste st reams.

4.1.2 SELECTED TECHNOLOGIES

The nature, vo lume and composi t ion of Esquimal t 's waste, combined wi th the re ject ion of
inc inerat ion and problems wi th compost ing, leave few acceptable technology opt ions.

Analys ing CRD's 2016 composi t ion s tudy we f ind  that  o rganic  wastes  are  ≈11% of  to ta l  d ry  
wastes received a t  Hart land but  ≈21% of  the wet  vo lume (Figure 7 and Figure 21).   Because 
of the high moisture content ,
engineers of ten focus on technologies
able to handle wet waste and do not
a lways consider how the water can be
inexpensively recyc led and maximise
the energy, which is in the dry port ion
of the waste . Doing so would halve
the volume being managed, but a lso
s igni f icant ly reduce capi ta l and
operat ing costs , by concentrat ing on
the sol id f ract ion of the waste – the
part that conta ins the energy and
resources. The water i t se l f is a lso a
recoverable resource i f t reated.

The focus on sol id waste "as is" ra ther
than dry ing i t , o f ten resu l ts in waste
separat ion and select ing anaerobic
digest ion, which al though rejected by
the communi ty for the Viewf ie ld Road locat ion, is s t i l l a val id technology and general ly an
improvement over compost ing. We should note however that because of the focus on 'wet '
so lut ions such as digest ion, analyses almost a lways: (a) does not assess or manage the
water conten t of sol id wastes separa te ly ; and, (b) omi ts considerat ion o f other opt ions such
as gasi f icat ion , which could halve plant s ize. Most s tudies do not ment ion or assess over 90
gasi f icat ion systems operat ing in Europe and Asia process ing MSW, scraps and biosol ids wi th
an equivalen t tota l of more than 1,000 years ' operat ion. One manufacturer fo r example, has
28 systems wi th 57 gasi f iers operat ing s ince 1980. Omit t ing considerat ion of these plan ts
af fects decis ions as i t means only technologies advanced for considerat ion are chosen, in
turn inc reas ing taxpayer cost and reducing the potent ia l for resource recovery.

The pr imary two opt ions considered for Esquimal t 's current purposes are thus anaerobic
digest ion and Advanced Gasi f icat ion. Thei r abi l i ty to handle wastes is compared in Figure 7,

19 S o u r ce : C R D 2 0 1 6 S o l i d W a s t e S t r e a m C o m p o s i t i o n S t u d y , a n a l y s i s b y P i vo t a l .

Digester Gasifier
CRD waste category Y/N/R Wet Dry Y/N/R Wet Dry
Organic Waste Y 28,485 t 9,970 t Y 28,485 t 9,970 t
Paper and Paperboard R Y 20,790 t 13,514 t
Plastics N Y 19,305 t 17,375 t
Wood and Wood Products N Y 22,950 t 18,360 t
Construction and Demolition R R
Textiles N Y 7,965 t 5,576 t
Composite Products N Y

Other N N
Ferrous Metal R R
Glass R R
Electronics R R
Hazardous Waste N N
Rubber N Y 1,080 t 1,080 t
Non-Ferrous Metal R R
Bulky Objects N N
Household Hygiene N Y 9,315 t 3,726 t

Total suitable 28,485 t 9,970 t 109,890 t 69,599 t

Yes, handles it 21% 11% 81% 75%
No, doesn't handle it 51% 58% 6% 8%
Recycle 28% 32% 13% 17%

F i g u r e 7 : T e ch n o l o g y C o m p a r i s o n b y W a s t e C a t e g o r y 19
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which uses CRD's 2016 waste composi t ion assessments, wh ich wi l l l ike ly be s imi lar to
Esquimal t 's waste composi t ion.

Note that whi le Figure 7 shows gasi f icat ion can handle a wide var iety of wastes, th is does not
prec lude them being handled by recyc l ing, as th is gradual ly improves. Some prov inces have
found that the economics of recyc l ing are prov ing unviable wi th l i t t le demand for products , so
Figure 7 shows that gas i f icat ion prov ides the opt ion to address waste s treams i f recyc l ing is
unworkable, o r i f new recyc l ing methods become avai lab le, those wastes can be ex tracted
and recyc led as and when th is becomes possib le and desi rable. Notably , gas i f icat ion is less
re l iant on waste separat ion or dry wastes, which is cr i t ica l ly important for anaerobic digest ion
or inc inerat ion for example. This may be at t ract ive for some res idents .

We comment on the technologies as fo l lows :

 Anaerobic digestion uses bacter ia to digest organic compounds in sewage to pr imar i ly
produce biogas, usable to genera te heat ing, cool ing and power. Approx imate ly 11% of
CRD waste is sui table fo r anaerobic diges t ion (Figure 7), which have been extens ively
rev iewed by CRD as par t of the new
l iquid was te system. The biogas is
typ ica l ly burned to heat the
digesters and operat ions bui ld ing,
and to prov ide hot water , but can be
cleaned up to be saleable as a
Renewable Natura l Gas ("RNG") at
as much as ten t imes the cost of
natura l gas. However th is b iogas
wi l l be used to mainta in a sui table
operat ing temperature in the
digester , so the only potent ia l GHG
offset is l ike ly to be from avoidance
of landf i l l o f f -gass ing. CRD's 2016
business case for the Hart land
digester indicated no plan to sel l
methane yie ld Renewable Natura l
Gas and did not prov ide an
assessment of the carbon footpr in t
of the pro ject . 20

Biosol ids are produced as a res idual
f rom diges t ion, which has
his tor ica l ly been used for soi l
augmentat ion. However there is
r is ing concern tha t th is can
contr ibute to soi l tox ic i ty , due to
increas ing volumes of chemical and pharmaceut ica l mater ia ls in waste, which digest ion
does not destroy. Pharmaceut ica ls a lso d isrupt the bio logical p rocesses in the d igester ,

20 C R D m o r e r e ce n t l y i n d i ca t e d t h e y m a y se l l d i g e s t e r m e t h a n e b y r e d i r e c t i n g l a n d f i l l g a s t o h e a t t h e d i g e s t e r ( w h i ch
w a s p r e v i o u s l y u se d t o g e n e r a t e a n d se l l g r e e n e l e c t r i c i t y ) . L a n d f i l l ca p t u r e w a s a l so e xp a n d e d r e ce n t l y , f u n d e d b y
C R D t a xp a ye r s , b u t n o v i a b i l i t y a s se s sm e n t w a s a va i l a b l e . A s b o t h t h e d i g e s t e r a n d l a n d f i l l c a p t u r e a r e t a xp a ye r -
f u n d e d co s t s , t h e v i a b i l i t y o f R N G p r o d u c t i o n i s u n c l e a r b u t i s a c ce p t e d t o b e a co s t n o t a p r o f i t .

F i g u r e 8 : P l a n n e d A n a e r o b i c 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 9 : D i g e s t e r , A n n a c i s I s l a n d
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resul t ing in  sub-opt imal  per formance.   Residuals  f rom digest ion are typ ica l ly  ≈50% of  the 
in i t ia l feedstock and may not be permiss ib le for local land appl icat ion , so need to be
landf i l led or inc inerated , resul t ing in potent ia l res idual GHGs and costs . Cur rent ly CRD is
planning to t ransport ing these res iduals to burn them as par t of cement manufactur ing in
the Lower Main land. Digest ion is thus not in i tse l f a comple te solut ion for the wastes i t
process and requi res addi t ional technologies to be added.

The net energy y ie ld f rom the biogas and res iduals disposal has been ca lculated 21 to be
239GJ net per day (2.1 MW/tonne). Ai r emiss ions from biogas combus t ion are permi t ted
in  BC.  Note  that  because d igest ion  only  addresses ≈11% of  the waste s t ream, d igest ion 
and recyc l ing  combined leave ≈63.5% of  the was te s t ream unaddressed,  once res idua ls  
are taken into account .

Digesters typica l ly requi re extens ive
land area (Figure 8) as they
compr ise mul t ip le uni ts typ ica l ly
conta in ing up to ≈30 days '  supply  of  
gas. They are located in less
populated areas due to r isk of odour
and explos ion , which can be
managed but adds r isk . 22 Locat ing a
plant in Esquimal t is complex due to
s i te l imi tat ions and was f i rmly
re jected by the communi ty when
CRD proposed th is fo r the Viewf ie ld
Road si te.

 Gasif icat ion i s a chemical and
phys ical process where the
feedstock is heated in a contro l led
chamber wi th minimal oxygen to
produce a synthes is gas ("syngas") ,
usable to genera te heat ing, cool ing
and power. Feeds tocks need to be
carbonic in nature to produce
energy making them su i table for a
range of wastes. As opposed to
inc inerat ion (which burns waste,
requi r ing extens ive ai r emiss ions
contro l systems), gas i f icat ion is a
quasi -manufactur ing process that min imizes the need for emiss ions contro l systems and is
operated to avoid generat ing tox ins . 23

Approx imate ly 75% of CRD waste f low is sui table for gas i f icat ion. Residuals are pr imar i ly
b iochar and f ly ash , which are usable and saleable. Gasi f ica t ion and recyc l ing combined,

21 S e e C R D b i o so l i d s w e b p a g e s .

22 S e e f o r e xa m p l e : o d o u r a r t i c l e s # 1 # 2 # 3 ; e xp l o s i o n a r t i c l e s # 1 # 2 # 3 .

23 B y co n t r a s t h a l f t h e co s t o f i n c i n e r a t i o n p l a n t s a r e t yp i ca l l y t h e i r e m i s s i o n s co n t r o l sy s t e m s t o m a n a g e p a r t i cu l a t e s
a n d t o x i n s .

F i g u r e 1 0 : R o t o G a s i f i e r , L o u i s i a n a

F i g u r e 1 1 : D o c k s i d e G r e e n E n e r g y P l a n t
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should be able to t rea t the ent i re munic ipal was te load, when combined wi th Blue Box
recyc l ing and Extended Producer Responsib i l i ty programs for paints and other household
hazardous mater ia ls .

In terms of energy recovery, gas i f iers generate syngas (synthes is gas – a mixture of
gasses) used for  heat ing ,  cool ing and other purposes.   Outpu t  has been measured a t  ≈ 
3.23 MW/tonne, wi th syngas emiss ions s imi lar to natura l gas boi lers whose emiss ions are
permi t ted in BC.

Gasi f iers do not requi re large areas (e.g. Figure 10, where a uni t roughly double in s ize to
Esquimal t 's needs occup ies a s i te s imi la r to Esquimal t 's Publ ic Works Yard) . Gasi f iers
generate l i t t le noise, odour and emiss ions, which means they can be located in urban
areas wi th l i t t le impac t to adjacent uses. A gasi f ier is loca ted in Docks ide Green adjacent
to res ident ia l development (Figure 11).

4.1.3 COMPARISON

In 2017 The Chair of CRD's IRM Task Force
asked us to compare the l i fe cyc le cost of
anaerobic digest ion wi th gasi f icat ion for
b iosol ids management, us ing CRD budget
pro ject ions prov ided to the Task Force. We
have updated th is wi th gasi f ier revenues,
operat ing and maintenance costs descr ibed
in sect ions 5.3 and 5.4 s tar t ing on page 43.
Feedstock del ivery is exc luded and the
summary is af ter debt in curren t dol la rs , i .e .
exc luding inf la t ion. 24 The resul ts are tabled
in Figure 12 and show that whether on a cost bas is ("Annual payments") o r net cos t bas is
("Cost / revenue per tonne") , gas i f icat ion is f inanc ia l ly super io r . Note tha t these cos t ing were
not developed by Pivota l but use actual b id costs and CRD's business case for the digester ,
wi th budget ca lculat ions from CRD's engineers for the gasi f ie r , which are high, i .e . more
accurate cos t ing would fur ther improve the gasi f ier 's f inanc ia l advantage.

A technology compar ison summary is prov ided in Figure 13 wi th comments as fo l lows.

 Gasi f icat ion is a cheaper solut ion both in in i t i a l and ongoing costs , l i fe cyc le costs and
costs per processed tonne. Gasi f ie rs can potent ia l ly be prof i tab le whereas digesters
requi re ongoing taxpayer- funded f inancia l support ;

 Gasi f icat ion is a more complete solu t ion. Whereas digest ion leaves 63% of the waste
stream needing to be addressed gasi f icat ion should be able to convert i t a l l ;

 Gasi f icat ion has  a h igher energy recovery y ie ld at  ≈3.23MW/tonne of  waste compared to 
d igest ion a t  ≈2.1MW/tonne;  

24 D i s co u n t e d ca sh f l o w s h a ve n o t b e e n u se d a s t h e se d i s t o r t t h e f i n a n c i a l r e su l t s f o r p r o j e c t s o f t h i s t yp e .

2016 2016
Digester Gasifier

Capital plant -$127.0m -$50.0m
Pmts 25yrs @ 4% -$7.8m/yr -$3.1m/yr
O&M -$3.0m/yr -$1.6m/yr
Annual payments, yr 1 -$10.8m/yr -$4.7m/yr
Revenues, yr 1 +$5.7m/yr

Net costs/revenues/yr, yr 1 -$10.8m/yr +$1.0m/yr
Cost/revenue per tonne/yr -$1,291/tonne +$122/tonne

F i g u r e 1 2 : T e ch n o l o g y F i n a n c i a l C o m p a r i so n
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 Gasi f iers are scalable and can be phased. Digesters are more di f f icu l t to phase or scale
and more re l ian t on project ions being accura te;

 Digesters are usual ly located in remote areas due to odour and explos ion potent ia l , and
Esquimal t has l imi ted locat ion opt ions of th is type. The communi ty re jected digest ion in
2013 for b iosol ids process ing, wi th publ ic meet ings main ly c i t ing odour , t raf f ic and
explos ion concerns for the proposed locat ion in an indust r ia l neighbourhood wi th adjacent
res ident ia l . By compar ison gasi f icat ion is s impler to locate as i t requi res smal ler s i tes ,
thus improv ing locat ion opt ions; avoids odour product ion (as i t is not a b io logical process
wi th long storage durat ions) ; and exper ts in Europe and the USA conf i rm no gasi f ie r has
exploded in recorded his tory . For both digest ion and gasi f ica t ion traf f ic would not change
as the t rucks are al ready c i rcu lat ing the communi ty ;

 In terms of r isk , d igesters ' main r isks are odour, explos ion, f inance and technology.
Gasi f icat ion has less operat ional r isks but increased technology r isks, wi th lower f inance
r isk as the systems are cheaper to both develop and run. Both sys tems' r isks are
manageable and both the technologies and the y ie lds can be guaranteed by substant ia l ,
qual i f ied companies, thus address ing r isks (subject to procurement approach);

 Digest ion requi res greater taxpayer support than gasi f icat ion .

Aspect Anaerobic digestion Advanced Gasification
01 Site size Large, usually multiple acres Small - ≈1 acre for small plant
02 Location Remote desirable Can be urban
03 Typical location Rural or away from population Industrial or light industrial
04 Risks (see text) Odour, explosion, sensitive to

inputs, underperformance, life cycle
cost, taxpayer support, soils

amendment contaminents

Underperformance, taxpayer
support, life cycle profit, technology

history

05 Viability Requires continual taxpayer support Can be viable, taxpayer support
minimal/contingent, if

underperforming
06 Feedstock suitability ≈11% of volume

Organics only
≈75% of volume

Most solid wastes
07 Wastes not addressed by technology ≈63% ≈8%
08 Proven with proposed feedstocks Expected to be possible with

organics;
unsuitable for wider waste streams

Satisfactory initial tests with MSW,
organics, biosolids; more tests

desirable
09 Phasing & expansion Difficult/no Yes, 6-10 months fabrication lead
10 Performance guarantee Potentially but adds cost Potentially but adds cost
11 Residuals Half of feedstock None
12 Recovered, saleable resources Biogas for heating/RNG Heating, cooling, biochar
13 Energy yield per tonne 2.1 mw/tonne

or 7.6 GJ/tonne
3.2 mw/tonne

or 11.6 GJ/tonne
14 Soils amendment yield/tonne None - being incinerated 250-300 kgs per tonne, sterile
15 Capital cost per tonne processed, life cycle ≈-$232 per tonne ≈-$91 per tonne
16 Operating cost per tonne processed, -$3.0m/yr -$1.6m/yr
17 Total net life cycle cost/revenue,

undiscounted, current $$, after debt
≈-$1,291 per tonne ≈+$122 per tonne

18 Est. extra costs/revenues Unknown cost to handle
unaddressed waste; at minimum

landfill tipping fees

Landfill tipping fees for any
improperly sorted residuals

19 Annual tCO2e reduction Not assessed by CRD ≈7,600 tCO2e
20 Life cycle CO2e reduction Not assessed by CRD ≈380,000 tCO2e

F i g u r e 1 3 : T e ch n o l o g y C o m p a r i so n

In summary whi le digest ion is a bet ter known solut ion, on almost a l l ind ices Advanced
Gasi f icat ion is bet te r sui ted to address Esquimal t 's needs.

https://www.vicnews.com/news/viewfield-road-sewage-site-axed/
https://www.vicnews.com/news/viewfield-road-sewage-site-axed/
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MoE requi res technologies be rev iewed as part o f waste planning and decis ions concerning
implement ing energy recovery, which has been undertaken by several engineer ing companies
for CRD over the past decade. CRD has held at least s ix express ions of in terest , requests for
in format ion and proposa l cal ls on th is matte r . The IRM cal ls resul ted in the IRM Task Force
recommending the best opt ion as Advanced Gas i f icat ion. Figure 13 and the IRM Task Force 's
rev iew both point toward Advanced Gasi f icat ion as a sui table techno logy .

4.1.4 GASIFICATION SYSTEM

In select ing technologies for munic ipal systems, a common approach is to exc lude f rom
considerat ion any technology unless there are mul t ip le ex is t ing operat ing examples ident ica l
to that proposed – essent ia l ly a "proxy approach." In Esquimal t 's case however few or no
examples are l ike ly to be process ing the exact wastes and volumes at the requi red s ize,
scalabi l i ty and f lex ib i l i ty , or wi th the curren t or future mix of feedstocks, feedstock f luc tuat ion
and phasing in Esquimal t . The "proxy approach" is a leap of fa i th that an example in one
locat ion means i t wi l l work elsewhere, and not a guarantee tha t i t wi l l work in Esquimal t .

Instead of a proxy approach, we focus on r isk management and prov ing a system wi l l work.
This uses a sequenced protocol where: (1) Esqu imal t 's ac tual wastes are tested in an exis t ing
system to prove the system wi l l work wi th Esquimal t 's ac tual p roposed wastes; and, (2) based
on physical and laboratory tests , the manufacturer then guarantees the system wi l l achieve
the y ie lds, which are then used in the business case. Because th is tests actual wastes and
phys ical ly proves opera t ion before taxpayer commitment , and l inks payment to perfo rmance,
i t is a fas ter and cheaper way to conf i rm that sys tems wi l l work, and is more di rected whi le
reducing taxpayer r isk before proceeding. More informat ion is inc luded in sect ion 4 .4
Feedstock Process on page 35, and we note tha t not a l l systems manufacturers are wi l l ing to
consider th is r isk management approach.

A wide var ie ty of gas i f icat ion systems exis t but several factors are key in determin ing the
opt imum gasi f ica t ion solut ion:

 Increas ing investment is being made to maximize y ie ld f rom gasi f ie rs such as plasma arc
systems. Whi le these cla im high energy y ie lds they are general ly less proven wi th high
consumables, low up-t ime and can be suscept ib le to feedstock f luc tuat ions;

 Some gasi f icat ion systems are ul t imate ly less v iable due to high consumables and related
operat ing and maintenance costs ;

 Some systems do not scale wel l for the s izes needed for Esquimal t ;

 Some systems have low up-t ime operat ion, e .g. some plasma arc systems;

 Systems such as f lu id ized bed designs whi le high y ie ld ing and stable , are bet ter sui ted to
RNG product ion and not wel l p roven wi th var iable waste feedstocks of the type proposed
in Esquimal t , so again are less sui table fo r the current purposes;

 Unmodi f ied updraf t /downdraf t gas i f icat ion systems whi le general ly proven, are bet ter
sui ted to predic table feedstocks wi th l i t t le var ia t ion, as they can otherwise suf fer f rom
aspects such as br idging, ash vola t i l isat ion and other factors that t r igger reduced
ef f ic iency wi th per iodic poss ib le system shutdown, reducing v iabi l i ty and rel iab i l i ty .
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Working in conjunct ion wi th experts opera t ing ex is t ing plants and academics at three
univers i t ies in Europe and the US, we rev iewed over 90 gasi f icat ion systems to assess we
ident i fy as best sui ted to Esquimal t 's needs, summarized in Figure 14.

# Technology Units MSW Capex/tonne Opex/tonne RNG Biochar Scalable

Feedstock

flexibility mwT/tonne Uptime Economic

1 RotoGasifier <10 Yes Low Low Low Yes Yes V. high V. good 80-90% Good

2 Circle Draft <10 Yes Low Low Low Yes Limited Moderate Good 50-75% Moderate

3 Plasma 10-50 Yes V. high High High No No V. high Excellent 25-50% Poor

4 Fluidized Bed 50+ Probable High High High No Limited Limited Excellent 75-90% Marginal

5 Up/downdraft 50+ Probable Moderate Moderate Low Yes Yes Moderate Good 50-75% Moderate

6 Pyrolysis 50+ Yes Moderate Moderate Low Yes Yes High V. good 75-90% Poor

F i g u r e 1 4 : G a s i f i e r T e ch n o l o g y S u m m a r y

Note that a basic explanat ion of the main di f ferent types of gas i f ica t ion is prov ided in the
Glossary on page 73, wi th Figure 14 expla ined as fo l lows :

 The number of opera t ing uni ts is summarized by technology and inc ludes var iants . This is
an est imate because typ ical ly more systems are operat ing than are documented.

 As the Township is express ly interested in MSW capabi l i ty , we have summarized each
technology 's abi l i ty to handle th is . Typical ly a l l systems have tested or run wi th MSW, so
"probable" refe rs to the long term operat ing potent ia l .

 Capex/ tonne prov ides an indicat ion of the to ta l capi ta l cost in re la t ion to the number o f
tonnes processed. This is re levant because technologies such as plasma arc gasi f icat ion
have high capi ta l cost but many systems have as low as 25-50% upt ime, which ra ises the
cost per tonne.

 Opex/ tonne, s imi lar ly to capex/ tonne, prov ides an index of the overal l operat ing costs fo r
each tonne processed. Pyro lys is systems for example have a low opex, but as they of ten
struggle wi th MSW, the operat ing costs r ise in re lat ionship to the tonnes processed.

 RNG is a comment on whether the systems can produce Renewable Natura l Gas, i .e .
methane (chemical symbol CH4 ) . Syngas from f lu id ized bed sys tems for example have a
good carbon-to -hydrogen rat io , so the potent ia l RNG yie ld is h igh , whereas pyro lys is
systems and RotoGasi f iers usual ly have poor carbon-to-hydrogen rat ios, so the methane
(RNG or CH4 ) y ie ld is low. Note that just because plants can produce RNG does not mean
that i t is v iable to do so, which depends on feed- in- tar i f f and other factors .

 The abi l i ty to produce biochar is inherent in most systems but the y ie ld var ies widely ,
most ly being dependent on the feedstock. Some systems produce no biochar (dual
in ternal ly c i rcu lat ing f lu id ized bed for example) as the biochar is rec i rcu lated inte rnal ly to
fuel operat ions, which improves the energy y ie ld but a t the expense of b iochar product ion.
Because biochar is a valuable product , in ternal reuse can thus lower the overal l v iabi l i ty ,
net of increased energy y ie ld.

 Scalabi l i ty is a key cons iderat ion for Esquimal t due to communi ty growth and phasing
requi rements. Some sys tems' lack of abi l i ty to be phased or plan ts to be increased (or i f
need be, reduced) in s ize makes them unsui table candidates given Esqu imal t 's
comparat ive ly smal l was te volumes. Plasma arc and Dual f lu id ized bed systems l ike ly fa l l
under th is category.
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 Feedstock f lex ib i l i ty is important and wi l l s t ress a system's robustness. Because
Esquimal t 's wastes can change and are not wel l def ined, the f lex ib i l i ty to handle future
changes in feedstock are extremely important . F lu id ized bed and up/downdra f t systems
tend to be impacted by such var iat ions. This would not necessar i ly ru le them out , but
means that spare uni ts would be needed to handle issues when ind iv idual uni ts fa i l when
the feeds tock changes . Where systems have both low scalabi l i ty and di f f icu l ty wi th
feedstock var iat ions, they should be considered secondary opt ions.

 The megawatt energy y ie ld per tonne is a comparat ive indicator of the thermal output ,
which can be used for heat ing, cool ing or
e lect r ic i ty genera t ion. This needs to be
considered in tandem wi th the revenues
from energy y ie ld and other factors , e .g.
whi le p lasma arc systems are the highes t
y ie ld, thei r lower upt ime and higher capex
and opex mean tha t the higher y ie ld per
tonne processed is more than of fset by
other factors . Note that energy costs in BC
are in general fa i r ly low, so the revenues
from a high mw/tonne are at best an
incomplete indicator of v iabi l i ty .

 Upt ime is a cr i t ica l facto r . Al l systems wi l l
have maintenance downt ime, but downt ime
due to di f f icu l t ies process ing MSW mean
that , in combinat ion wi th high consumables
( i .e . h igh opex), some systems' economics
are poor. Upt ime can be solved however i f
the systems are highly scalable wi th low
capex, by adding a comparat ive ly
inexpensive spare uni t to of fset unexpected
downt ime. Thus, p lasma arc systems low upt ime is di f f icu l t to of fset as they are not
h ighly scalable; which is of fset by thei r re lat ive ly h igh f lex ib i l i ty and robustness in being
able to handle MSW.

 The "Economic" column is a summary assessment of the l inked facto rs o f energy and
biochar y ie ld , the value of these produc ts , capex , opex, upt ime, robustness and scalabi l i ty
over a system's l i fe cyc le. Note that th is is our assessment given the speci f ic facto rs
af fect ing the Township o f Esquimal t and would l i ke ly d i f fer e lsewhere , i f factors such as
feedstock, g rowth, var iabi l i ty , f lex ib i l i ty , funding , markets etc . change. In reading th is
column for example: whi le pyro lys is systems have potent ia l to be candidates for
Esquimal t , they are less robust in handl ing MSW, leading to quest ionable upt ime
rel iab i l i ty , so thei r overa l l economic rank ing is l i ke ly to be poor.

We have deta i l for each of these technologies but i t is no t the main funct ion of th is report to
prov ide th is deta i l . Also , i t exceeds the scope and budget of th is study to evaluate examples
of each of the bet ter op t ions. We wi l l be pleased to prov ide fur ther de ta i l on gasi f ie rs
rev iewed i f needed.

From our rev iew, the RotoGasi f ier is the most su i table opt ion for Esquimal t . The
RotoGasi f ie r 's low number of p lants is not a dissuading fac tor g iven tha t (a) i t has been
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tested and proven to work wi th local wastes (Figure 27); and, (b ) has had a long development
cyc le wi th proven plants and can be guaranteed. Up/downdraf t and Circ le Dra f t systems
whi le potent ia l ly less expensive, have greater constra ints wi th upt ime and f lex ib i l i ty , so the i r
overa l l economics and sui tabi l i ty for Esquimal t a re lower. Whi le there are a number of h igh-
y ie ld ing plasma arc systems wor ldwide process ing MSW, these are not scalable to
Esquimal t 's s ize and usual ly have high downt ime, making them less v iable despi te a super ior
potent ia l energy y ie ld per tonne. The RotoGasi f ier 's developmental t rack record s ince the
1990's , super ior feedstock f lex ib i l i ty and robustness, scalabi l i ty and overal l net v iabi l i ty are
notable and whi le i ts energy y ie ld may not be the best , i t is super ior to a lmost a l l o ther
systems and technologies, which helps maximize GHG reduct ion and carbon sequest rat ion ,
which are key communi ty commitments.

The RotoGasi f ie r is an Advanced Gasi f icat ion system, so our conclus ion is s imi lar to
Advanced Gasi f icat ion being recommended by CRD's IRM Task Force . Because of the
var iat ion in system outputs and given the conclus ions summarised in Figure 14, we worked
wi th TSI, the RotoGasi f ier system manufacturer , on budgets etc . As a f inal safeguard, we
have then out l ined a bes t pract ice implementat ion approach used by the World Bank and
others to prov ide taxpayer assurance tha t the RotoGasi f ier is the best op t ion.

The Advanced RotoGasi f icat ion system developed from rotary dryers and pyro lys is uni ts ,
modi f ied to prov ide gasi f icat ion whi le rotat ing the feedstock. This improves res i l ience wi th
vary ing feedstocks and can be scaled to meet the s izes requi red for Esquimal t , handl ing
wastes and generat ing products shown in Figure 15. There are a considerable number o f
p lants in ex is tence so the system has an extended development and performance his tory .
Whi le no plants are current ly operat ing wi th Esquimal t 's exact proposed waste mix, p lants are
operat ing wi th s imi lar feedstocks and both laboratory and physical demonstrat ion tests wi th
local MSW and sewage sludge waste (shown in Figure 27) have shown sui tabi l i ty ,
supplemented wi th the manufacturer being potent ia l ly able to guarantee perfo rmance. More
informat ion on the system is inc luded in Appendix 2:Advanced Gasi f icat ion on page 76.

A key aspect of the RotoGasi f ier is that mul t ip le revenue st reams are poss ib le f rom the
system's outputs . Not a l l gas i f iers have th is mul t ip le revenue st reams or adaptabi l i ty to vary
them, wi th some plants having few revenue st reams and l i t t le f lex ib i l i ty . Some are purely
operated as cost centres . Figure 15 shows the poss ib le feedstock inputs and resu l t ing
resource recovery opt ions, wi th less-prefe rred opt ions greyed out . Whi le some technologies
pursue not ional ly h igher value outputs such as b iofuels , th is is less proven and less robust .
Addi t iona l reasons to se lect the RotoGasi f ier is therefo re tha t the y ie lds are compat ib le wi th
the was tes avai lab le and basic energy and other outputs , which suppor t v iabi l i ty , making the
RotoGasi f ie r s impler to implement whi le managing r isk .

4.2 Demographics

When communi ty serv ices requi r ing s igni f icant capi ta l investment are planned, they have to
consider how demand for serv ices wi l l change in the fu ture, so the plan t and serv ices can be
sized to meet future needs. We thus rev iewed demographics and waste volumes under
vary ing scenar ios.
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Firs t ly , a concern wi th major in f rast ruc ture is tha t s iz ing can be highly re l iant on project ions
that don ' t happen.
We thus analysed
stat is t ics f rom CRD,
BC Stats and Stats
Canada and whi le the
year-on-year
percentage populat ion
growth is somewhat
errat ic , i l lus t rated in
Figure 16, long term
growth has been
reasonably s table ( i f
low) s ince 2000.

There are apprec iable
regional populat ion
growth dispar i t ies ,
shown in Figure 17 and Figure 18, wi th come communi t ies exhib i t ing low growth whi le o thers
have grown rapid ly . This appears to be part ly a funct ion o f hav ing land sui table fo r
development , and di f fer ing degrees to which communi t ies embrace expansion. Whi le Figure
17 shows the overal l to ta l growth by communi ty wi th in CRD, the issue becomes clearer when
the annua l percentage growth is v iewed over t ime, shown in F igure 18.

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 1 7 : C R D D e m o g r a p h i cs , 1 9 9 1 - 2 0 16

Esquimal t 's populat ion 25 rose from 16,192 in 1991 to 17,655 in 2016, the latest year wi th
avai lab le fo rmal census data. Figure 18 shows th is is an inc rease of 1,463 or 0 .3% per
annum over 25 years, i .e . the long term average growth rate. In the last f ive years however,
Esquimal t 's g rowth has r isen to 1.7% per annum. This happened dur ing a susta ined peak in
the economy, coinc id ing wi th increased act iv i ty in Esquimal t naval construct ion.

The 10 year growth ra te (0.5% per annum between 2006 and 2016) is l ike ly to be more
representat ive as i t spans most of a fu l l economic cyc le, however i t inc ludes a t ime when

25 S o u r ce : C R D a n d S t a t s C a n a d a .
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Esquimal t was less conducive to growth and omits expansion of mar i t ime act iv i ty . As such,
we fee l 0.5% l ike ly understates the stable moderate growth rate , which is more l ike ly to be in
the ±1% range, i .e . s imi lar to the regional average.

Fm: 1991 Fm: 2006 Fm: 2011
To: 2016 25 yrs to 2016 To: 2016 10 yrs to 2016 To: 2016 5 yrs to 2016

Community Increase %pa Increase %pa Increase %pa

Central Saanich +3,130 +23% +0.8% +1,069 +7% +0.7% +878 +6% +1.1%
Colwood +3,391 +25% +0.9% +2,172 +15% +1.4% +766 +5% +0.9%
CRD +83,810 +28% +1.0% +38,196 +11% +1.1% +23,369 +6% +1.3%
CRD Core (CALWMP) +64,404 +27% +1.0% +31,888 +12% +1.1% +19,565 +7% +1.3%
Esquimalt +1,463 +9% +0.3% +815 +5% +0.5% +1,446 +9% +1.7%
Highlands +1,131 +103% +2.9% +322 +17% +1.6% +105 +5% +1.0%
Indian reserves +2,030 +63% +2.0% +574 +12% +1.2% -38 -1% -0.1%
Langford +19,700 +126% +3.3% +12,883 +57% +4.6% +6,114 +21% +3.9%
Metchosin +476 +11% +0.4% -87 -2% -0.2% -95 -2% -0.4%
North Saanich +1,604 +17% +0.6% +426 +4% +0.4% +160 +1% +0.3%
Oak Bay +279 +2% +0.1% +186 +1% +0.1% +79 +0% +0.1%
Saanich +18,565 +19% +0.7% +5,883 +5% +0.5% +4,396 +4% +0.8%
Sidney +1,590 +16% +0.6% +357 +3% +0.3% +494 +4% +0.9%
Sooke +3,297 +34% +3.0% +1,566 +14% +2.6%
Victoria +14,564 +20% +0.7% +7,735 +10% +0.9% +5,775 +7% +1.4%
View Royal +4,412 +74% +2.2% +1,640 +19% +1.7% +1,027 +11% +2.1%

Source: CRD &Statistics Canada. Analysis: Pivotal

F i g u r e 1 8 : C R D C o m m u n i t y G r o w t h T r e n d s , 1 9 9 1 - 2 0 1 6

In summary Esquimal t 's populat ion growth has been somewhat errat ic h is tor ica l ly , but has
recent ly consol idated at rates at or above the regional average, ranging from a minimum of
≈0.3% per annum to a h igh of  ≈1.7% per annum.   We conclude that  in  the longe term, a 
moderate  susta inable ra te is  l ike ly  to  be c loser to  ≈1% per annum. 

Fol lowing discuss ion wi th Township sta f f we note thei r expectat ion that Esquimal t 's
populat ion  is  l ike ly  to  level  of f  a t  a  maximum ≈25,000 some t ime over the next  twenty  years.   
This is based on current p lanning, serv ice capac i t ies, growth and development assumpt ions,
but is in great par t a ref lect ion of the communi ty not now having apprec iable spare
developable densi ty . We discuss th is la ter as part of our analys is and project ions.

Populat ion pro ject ions in the region are notor ious ly d i f f icu l t due to f luctuat ing local and
internat ional economics and especia l ly , local pol i t ica l constra ints or enablement of growth.
Because growth has his tor ica l ly f luctuated, p lann ing any plan t s ize based on growth
pro ject ions is inherent ly r isky but avoidable by using al ternate st rateg ies .

We thus conclude that any IRM solut ion needs to be f lex ib le and adaptable to demograph ics,
i .e . able to ad just to populat ion growth and resul t ing waste serv ices as and when i t occurs.
Any plan should not be dependent on achiev ing a speci f ic growth pro ject ion that might wel l
never be achieved, or changes overnight due to unpredic table regulato ry or pol icy changes
that render pr io r pro ject ions inappl icable, s t randing assets , v iabi l i ty and envi ronmental
resul ts .

4.3 Waste Analysis

Two types of waste were f lagged for resource recovery considerat ion : l iqu id and sol id wastes.
Wi th in these, two main factors need to be considered: the volume and nature of the waste
(usual ly te rmed "compos i t ion") ; and how this wi l l change over t ime. At the same t ime,
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considerat ion must a lso be given as to whether i t 's (a ) poss ib le and (b) worthwhi le , to recover
the resources.

4.3.1 LIQUID WASTE

We recommended deferr ing considerat ion o f l iqu id waste resource recovery, wh ich we were
asked to expla in.

There are three main types of resources that can potent ia l ly be recovered from sewage: (a )
energy f rom sol ids; (b ) heat ; and (c) water .

In implement ing i ts l iqu id waste plan, CRD wi l l p rocess the region 's l iqu id wastes at a new
plant at McLoughl in Poin t in Esquimal t . From there, ext racted sol ids wi l l be pumped in a
s lurry  to  an anaerobic  d igester  loca ted a t  Hart land Landf i l l  in  Saanich,  ≈18km f rom 
McLoughl in . This means that ext ract ing energy from sewage sol ids wi l l be unavai lab le in
Esquimal t , unless i t is la ter reconsidered. For current purposes th is recovery opt ion has thus
been discounted.

Turning to the potent ia l to extrac t heat energy from sewage, KWL's 2013 study (sect ion 3.3.1
on page 7) assumed r is ing sewage f lows but data k indly suppl ied by CRD (Figure 19) shows,
conversely , that f lows
have been fa l l ing,
wi th opportuni ty to
fa l l fur ther as
communi t ies repai r
ex is t ing pipes.
Reducing f lows
means the heat
energy avai lab le fo r
recovery is uncerta in.
Sewage f lows appear
to have stabi l ized at
70-72 ML/Day from a
peak of 100ML/Day in
2006,  a fa l l  o f  ≈28%, 
whereas the model
used for sewage f low
project ions 26

ant ic ipated that
sewage f lows would
increase by ≈12% over th is  per iod .   F low inc reases were assumed in KWL's resource 
recovery study for Esqu imal t , which means the s tudy 's under ly ing assumpt ions have not been
exper ienced in pract ice, making the s tudy 's conclus ions r isky to re ly on wi thout updat ing .
Whi le the  McLaughl in  p lant  capaci ty  is  s ized a t  ≈50% above recent  f lows,  which a l lows  for  
aspects such as s torm events, the divergence of pro ject ions from actual f lows makes i t
uncerta in whether resource recovery f rom sewage is worthwhi le and whether the projec t ion
models can be rel ied on for energy planning of th is type.

26 K W L o r i g i n a l l y d e ve l o p e d t h e s e w a g e f l o w p r o j e c t i o n m o d e l f o r C R D i n 2 0 0 0 .
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KWL's 2013 study concluded energy recovery f rom l iquid waste f lows was marginal . Given
reduced f lows shown in Figure 19, we expec t v iabi l i ty would be lower and extract ion of energy
from sewage would probably be unviable. Given the di f f icu l ty exper ienced in predic t ing f low
volumes, we recommended wai t ing unt i l there is greater cer ta inty , af te r McLoughl in opens
and actual f lows/ temperatures are measurable, rather than rely ing on est imates based on
project ion models , wi th associated r isks. We also recommended not considered water
recovery f rom sewage because as discussed later , substant ia l vo lumes of water can be
recovered from sol id waste i f des i red, but the economics of doing so are current ly unv iable.
The deferra l of th is aspect was thus agreed wi th staf f , but can be rev is i ted as desi rable.

4.3.2 SOLID WASTE COMPOSITION

Munic ipal Sol id Waste is
typ ica l ly a mixtu re of
d i f feren t mater ia l types
that requi re technologies
able to handle them.
Esquimal t does not have
an assessment o f waste
composi t ion, but a
summary of CRD's 2016
composi t ion assessment
for Hart land Landf i l l is
summarized in Figure 20
wi th deta i l p rov ided for
both 2010 and 2016
composi t ion studies
shown in Figure 21.

CRD per iodical ly
commiss ion sol id waste composi t ion studies (most recent ly in 2009-2010 and 2016) 27 and we
understand an update is being considered. Unt i l Esquimal t 's wastes are tested, CRD's
analyses are the c loses t ass is tance avai lab le in assess ing Esquimal t 's waste composi t ion.

 Organic waste has been a focus for d ivers ion by CRD as th is is a major source of GHGs.
We calculate that organic waste received at the landf i l l fe l l between 2009/2010 and 2016
by ≈ 18,121 tonnes or  ≈9.4% per annum, which i s  a ≈39% overal l  d ivers ion rate  over ≈6 
years,  i .e .  assuming the rev iew is  correct ,  ≈61% of  the organic  vo lume was s t i l l  reaching 
the landf i l l in 2016.

 Between 2009/10 and 2016 CRD's populat ion  rose f rom ≈360,000 to 383,000 and through 
increased organics divers ion and other s t rategies, meant the waste per capi ta received at
the landf i l l fe l l f rom 426kg/person on average to 352kg/person.

 CRD's composi t ion studies track waste received at Hart land landf i l l but o ther wastes are
known to exis t , for example some are al ready being trucked and inc inerated at a mid-

27 S e e C R D S o l i d W a s t e d o cu m e n t h u b , 2 0 1 0 a n d 2 0 1 6 s t u d i e s .

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 0 : 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



Esq u im a l t I RM - Tec h n i ca l R ep or t
29 Ju ne 2 02 0  Pa ge 3 0

Is land pulp mi l l and some communi t ies (e.g. Saanich) have signed contracts to handle
thei r o rganics independent ly of CRD.

 CRD's current approach wi th sol id was tes var ies, for example:

a. Plast ics and Sty rofoam, amongst other recyc lables, are now also being considered for
a l ternate approaches as recyc l ing has been cal led into quest ion as China, the
Phi l ipp ines and Malays ia now reject Canadian mater ia ls ;

b. Biosol ids wi l l be trucked/barged and inc inerated in Lower Main land cement plants ,
a l though other opt ions have not been ruled out ;

c . Ki tchen scraps and yard and garden wastes are being considered for in vessel
compost ing or anaerobic digest ion at Hart land but are most ly cur rent ly be ing sent to
the Lower Main land.

Capital Regional District, Hartland Landfill Composition Studies

Study: 2009-2010 Study: 2016 Analysis
Category Tonnes Wet % Dry % kg/person Tonnes Wet % Dry % kg/person / %pa Diversion

Organic Waste 46,606 t 30% 16% 129 28,485 t 21% 11% 74 -18,121t -9.4% 39%
Paper and Paperboard 25,362 t 17% 16% 70 20,790 t 15% 15% 54 -4,572t -3.9% 18%
Plastics 20,059 t 13% 18% 56 19,305 t 14% 19% 50 -754t -0.8% 4%
Wood and Wood Products 15,225 t 10% 12% 42 22,950 t 17% 20% 60 7,725t +8.6% -51%
Construction and Demolition 9,385 t 6% 8% 26 9,045 t 7% 8% 24 -340t -0.7% 4%
Textiles 8,441 t 6% 6% 23 7,965 t 6% 6% 21 -476t -1.2% 6%
Composite Products 7,931 t 5% 6% 22 -7,931t N/A
Other 7,468 t 5% 7% 21 3,645 t 3% 4% 10 -3,823t -13.4% 51%
Ferrous Metal 3,638 t 2% 4% 10 2,430 t 2% 3% 6 -1,208t -7.8% 33%
Glass 2,974 t 2% 3% 8 2,295 t 2% 2% 6 -679t -5.1% 23%
Electronics 2,928 t 2% 3% 8 2,430 t 2% 3% 6 -498t -3.7% 17%
Hazardous Waste 1,179 t 1% 1% 3 2,430 t 2% 3% 6 1,251t +15.6% -106%
Rubber 1,083 t 1% 1% 3 1,080 t 1% 1% 3 -3t -0.1% 0%
Non-Ferrous Metal 982 t 1% 1% 3 945 t 1% 1% 2 -37t -0.8% 4%
Bulky Objects 1,755 t 1% 2% 5 1,755t N/A
Household Hygiene 9,315 t 7% 4% 24 9,315t N/A

Total 153,261 t 100% 100% 426 kg 135,000 t 100% 100% 352 kg

Population 359,991 383,360 +1.3%pa
Kg per capita per annum 426 kg 352 kg Approx avg. -3.1%pa

F i g u r e 2 1 : H a r t l a n d W a s t e C o m p o s i t i o n A n a l y s i s 28

Whi le some wastes inc luded in the 2009-2010 composi t ion study have been diver ted, thei r
vo lume didn ' t d isappear , but have been diver ted and are no longer being handled at Hart land
Landf i l l . 29 This means tha t current land f i l l ra tes could rebound, which an IRM approach may
help to address.

The waste industry usua l ly assesses sol id waste us ing "wet" weights and wi th thei r h igh GHG
potent ia l and percentage of the wet volume at landf i l ls , o rganic wastes have been a focus.
However mois ture is the largest s ingle component in munic ipal so l id was te – but is ra re ly
counted. Since dry mater ia l is a poten t ia l energy resource , Figure 21 appl ies our assessment
of average moistu re content (based on tests in CRD and elsewhere) , showing that organics
are ≈21% of  the wet  vo lume but  only  ≈11% of  the dry  volume.  This  fundamental ly  af fects  

28 F i g u r e 2 1 ' s ca l cu l a t i o n s a r e co n s i s t e n t w i t h C R D ' s 2 0 1 8 / 1 0 1 9 H a r t l a n d L a n d f i l l G a s M o n i t o r i n g R e p o r t , p a g e 8 , t h a t
" A co n se r va t i ve e s t i m a t e o f 2 0 , 0 0 0 t o n n e s h a s b e e n [ d i ve r t e d ] … t h r o u g h 2 0 1 8 . "

29 F o r e xa m p l e , o r g a n i c w a s t e s d i d n o t d r o p f r o m 4 6 , 6 0 6 t o 2 8 , 4 8 5 t o n n e s p e r a n n u m , t h e w a s t e s w e r e r e d i r e c t e d t o
o t h e r l o ca t i o n s su ch a s co m p o s t i n g o p e r a t i o n s o n t h e S a a n i ch P e n i n su l a , t h e C o w i ch a n V a l l e y a n d L o w e r M a i n l a n d .
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decis ions and approaches, s ince moistu re can be easi ly removed by was te heat f rom
gasi f icat ion whi le maximiz ing energy recovery. I t sh i f ts the pr imary focus from organics to
having a more comple te plan that maximizes reuse, recyc l ing, resource recovery and landf i l l
d ivers ion, i .e . cons is tent wi th MoE's 5Rs pol icy .

4.3.3 SOLID WASTE VOLUME

Figure 22 shows tha t in 2019/2020 the Township col lected 3,398 tonnes waste, largely f rom
single- fami ly res idences , and prov ides the 2020 budget costs which inc lude wages, new bin
purchases, b in advert is ing st ickers and vehic le deprec iat ion ( the "Tipping Fees" column, also
shown as a $/ tonne) . For cont rast we inc luded CRD's Hart land t ipping fees, to cover landf i l l
costs . Note that the Township 's costs are higher because they also cover haulage, systems
and staf f ing. We are aware of costs in o ther communi t ies, some of which exceed $400/ tonne
inc luding haulage, i .e . the Townships costs appear to be wi th in the range exper ienced
elsewhere. The est imated moisture conten t of the wastes is shown wi th the resul t ing
est imated dry annual tonnage. The lat ter is the most pert inent , as expla ined late r .

Township of Esquimalt, 2019/2020
Tipping fee Tonnage $/tonne Moisture Dry Hartland

Yard & Garden $202,182 1,778 27% $113.71 40% 1,067 $59.00
Food waste $157,147 566 9% $277.50 60% 227 $120.00

Subtotal $359,329 2,344 36% 1,293
$153.28 45%

MSW $292,480 1,054 16% $277.50 25% 790 $110.00

Total $651,809 3,398 52% $191.81 39% 2,084
Plus: private hauled wastes 3,100 48% 25% 2,325

Total current estimated volume 6,498 100% 4,409
Total current estimated volume, dry tonnes per day, public only 5.7dtpd
Total current estimated volume, dry tonnes per day, combined 12.1dtpd

Unsorted MSW moisture content 37%

F i g u r e 2 2 : E sq u i m a l t W a s t e S u m m a r y

The Township co l lects wastes from only a port ion of the communi ty , mos t ly compr is ing s ingle
fami ly homes and smal l apartments, whereas pr ivate haule rs most ly col lect waste from larger
mul t i fami ly bui ld ings and businesses. We thus canvassed pr iva te haule rs known to be act ive
in  the communi ty  who s tate tha t  in  2019 they col lected ≈3,100 tonnes  of  MSW in Esquimal t ,  
which is added in to Figure 22 's to ta ls . The haulers bel ieve th is conta ins only a smal l amount
of  non-Esquimal t  was tes .   The tota l  o f  ≈6,498 tonnes is  c lose to the  prov inc ia l  est imate  for   

Esquimal t o f 6,223 tonnes in 2017 and is thus considered credib le , so pr ivate haulage
compr ises ≈48% of  the waste volume wi th the Township col lect ing ≈52% of  the  volume. 

Notably ,  the combined volume of  publ ic  and pr ivate was tes calcu la tes as  ≈347 kg/person 
( inc luding yard & garden waste , wh ich is no t in the prov inc ia l guidel ine) . The prov inc ia l
guidel ine is for communi t ies to reduce waste through the f i rs t 3R's , down to
350kg/person/year , so the tota l known waste in Esquimal t is below this prov inc ia l threshold
guidel ine. Under MoE guidel ines Esquimal t can thus consider energy recovery f rom waste.

The Township 's da ta on waste volumes f luctuate dur ing the year as shown in Figure 24 for
2018, the most recent year fo r which a fu l l range of da ta is avai lab le, wi th an apprec iable
var iance between food and MSW, compared to yard and garden wastes. This is l ike ly due to
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seasonal fac tors ,
which highl ights the
complex i ty of
address ing waste
volumes and siz ing
plant appropr iate ly .
Other years vary f rom
these f lows and whi le
not a l l da ta is
avai lab le fo r each
waste st ream by
month from 2011-
2019, we were able to
interpola te and
est imate volumes
where the data
appears anomalous or
was not col lected .

Figure 23 shows the tota l known Esquimal t wastes as (a) a range of volumes in wet tonnes
per day, by month, be tween 2011 and 2019 ( i .e . the way the wastes are received); and (b) the
median volumes. This conf i rms an apprec iable range of volumes over the year and thus , the
need for any plant to be able to handle f luctuat ing waste volumes. Figure 25 shows the same
data but adjusted to cover the under ly ing dry tonnage, which is key to determin ing energy
y ie ld and plant s ize.

Figure 23 is usefu l to scope receiv ing volumes and related aspects such as receiv ing bins,
dryer capaci ty and t ipping fees, whereas Figure 25 is more usefu l to est imate gasi f ie r
process ing capaci ty , d r ied feedstock storage bin s ize, conveyor hoppers etc . Figure 25
suggests tha t cur rent waste volumes are l ike ly to be most ly addressed by three 5-tonne
gasi f iers , supplemented by ei ther a balanc ing st rategy to cover excess f lows, or preferably a
fourth uni t to address ex tra volumes and plant ro tat ion for emergency, downt ime and
maintenance purposes . As growth occurs or i f sporadic volumes become more f requent , a
f i f th uni t could be added; or the uni t capaci t ies adjusted i f th is proves to opt imize operat ions
(e.g. by purchasing 7-
tonne uni ts , no t 5-
tonne).

Figure 23 and Figure
25 assess the current
tota l waste volume in
Esquimal t but a
smal ler p lan t would
be poss ib le
address ing purely the
Township 's own
wastes. Other
opt ions have not been
explored in deta i l
pending a decis ion to
pursue an IRM plan

Public & private wastes, wet tonnes/day, normalized, 2011-2019
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F i g u r e 2 3 : A l l W a s t e s , W e t T o n n e s / D a y

Township-collected food & MSW vs yard/garden, wet tonnes per day by month, 2018
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F i g u r e 2 4 : E sq u i m a l t m o n t h l y w a s t e f l o w co m p a r i so n
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fur ther , bu t scenar ios were developed compar ing the Township 's waste alone, compared to
the ent i re waste s tream. Should the decis ion be made to proceed fur ther , addi t ional rev iew of
under ly ing waste volumes wi l l benef i t , to improve accuracy and cost ing, and help address
peak volumes whi le min imiz ing and phasing plan t .

Address ing Esquimal t 's pr ivate wastes would requi re the cooperat ion of haulers , so we
contacted selected
haulers 30 who
expressed in terest
and support fo r
supply ing mater ia l to
an IRM plant , once
the concept was
expla ined. The main
concern was cost
impact , which we
ant ic ipate would be
minimal or an overal l
reduct ion and benef i t
to haule rs , s ince i t
would reduce truck ing
and rela ted costs .

Whi le haule rs '
in terest is subject to fu r ther d iscuss ion once Counci l determines di rect ion , thei r was te volume
has been considered for scenar io planning purposes and would be formal ly conf i rmed should
Esquimal t p roceed. We conclude tha t an IRM plant would benef i t both haulers and taxpayers
through reduced truck ing, GHGs and cost-e f fect i veness, as wel l as improv ing resource
recovery. Haulers are general ly support ive and l ive in the communi t ies they serve, so we do
not feel that secur ing thei r was te wi l l be a barr ie r .

4.3.4 SOLID WASTE VOLUME PROJECTION

In p lanning major systems, a key considerat ion is how demand wi l l g row over t ime. For
current purposes we have adopted a 30 year pro ject ion " l i fe cyc le" , a l though the equipment
i tse l f wi l l have a 50 year des ign l i fe wi th appropr iate operat ing and main tenance costs (which
has been inc luded in l i fe cyc le pro ject ions) . Since th is is an extended durat ion and f inancing
would l ike ly be over a shorter dura t ion, we chose to assess the f i rs t 30 years of the l i fe cyc le
for pro ject ion purposes. The main quest ion is how the volume of waste might grow over th is
term, which is pr imar i ly af fected by:

 Increas ing ef fo r ts to min imize waste and improve divers ion, of fse t by inc reas ing
populat ion . Other external facto rs such as senior government regula t ion and packag ing
changes wi l l a lso change the nature of the waste, not just the volume;

 Waste volumes per person have f luctuated over t ime wi th CRD data l ike ly embedding a
higher port ion of urban densi f icat ion . CRD reports indicate 2018 Hart land waste volume

30 P e r so n a l co n ve r sa t i o n b e t w e e n G B e t h e l l a n d h a u l e r s , M a r ch a n d A p r i l , 2 0 2 0 .

All Esquimalt wastes, dry tonnes/day, normalized, 2011-2019
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at  ≈388kg/person 31 up from 2016 's 352kg/person but down f rom 426 kg/person in 2009
(Figure 21) ;

 Figure 18 shows tha t populat ion growth has var ied apprec iably in Esquimal t , wi th higher
rates of growth more recent ly . This wide range i l lus t rates that pro ject ing potent ia l growth
factors c reates chal lenges (and impacts al lowances needed for p lant s ize) .

We understand that the communi ty is cur rent ly expected to reach a bui ldout at some point
over the  next  ten to  f i f teen years,  wi th an in i t ia l  est imate of  ≈25,000.   Whi le  th is  wi l l  tend to  
l imi t poten t ia l g rowth in waste volume, aspec ts such as densi f icat ion and/or increased home
occupancy rat ios might a lso cause maximum bui ldout pro ject ions to be exceeded.
Conversely , recess ionary factors or s low-down in naval base operat ions would ex tend the
durat ion to achieve bui ldout or reduce growth. We thus ran scenar ios independent ly of the
bui ldout threshold, so the impact on plant s iz ing can be assessed.

Figure 18 shows a range of growth scenar ios based on recent t rends (0.3% to 1.7% per
annum), est imated to 2053. 32 As i t cannot be assumed that the waste per capi ta wi l l remain
f ixed, severa l scenar ios have been considered: (a) The Township 's cur rent col lect ion volume
excluding other sources; (b) the Township 's waste plus col laborat ing known pr ivate sources;
(c) CRD's 2009-2010 waste per capi ta and (c ) CRD's 2016 waste per capi ta. A range of
poss ib le f lows has to be taken into account in pro ject ing plan t s ize, shown in Figure 26.

Waste volume projections 30+3 yr projection

Wet tonnes per annum Dry tonnes per day

182kg/head 347kg/head

Scenario Growth Popn a) Township b) Combined a) Township b) Combined

Current 0.0%/yr 18,716 3,398 t 6,498 t 5.7 t 12.1 t
1: Minimum 0.3%/yr 20,600 3,700 t 7,200 t 6.3 t 13.3 t
2: Moderate 1.0%/yr 25,700 4,700 t 8,800 t 7.8 t 16.6 t
3: High 1.7%/yr 32,100 5,800 t 11,100 t 9.8 t 20.7 t

F i g u r e 2 6 : W e t / D r y V o l u m e E s t i m a t e s 33

Figure 26 est imates waste volumes wi th vary ing populat ion growth scenar ios 34 based on ei ther
(a) the Township 's current was te col lect ions; or (b) combined Township and pr ivate ly hauled
Esquimal t wastes . I t ind icates a minimum plant s ize us ing Esquimal t 's current munic ipal ly -
col lected waste (est imated at  ≈52% of  the waste  volume) a t  ≈3,400 wet  tonnes per  annum.   
Once pr ivate wastes are inc luded and a minimum growth scenar io calcu lated, scenar ios range
f rom a low o f  ≈7,200 tonnes/year to  a h igh of  ≈11,100 tonnes,  a lbei t  the more l ike ly  scenar io 
is  ≈8,800 tonnes per annum at  the end of  30  years.   Inc lus ion o f  pr iva te  wastes whi le  
voluntary can be handled by cont ract and is a more complete solut ion, address ing the
communi ty 's wastes , i .e . the most consis tent in waste planning, c l imate change GHG
reduct ion and landf i l l d ivers ion.

31 1 5 9 , 9 4 2 t o n n e s w a s t e p e r H a r t l a n d 2 0 1 8 l a n d f i l l g a s r e p o r t ( p a g e 7 ) ; 4 1 2 , 2 2 0 p o p u l a t i o n p e r C R D s t a t i s t i c s .

32 A l l o w s f o r t w o ye a r ' s p r e p a r a t i o n , o n e ye a r ' s co n s t r u c t i o n , 3 0 ye a r l i f e c y c l e .

33 P r o j e c t i o n s a r e r o u n d e d . D e t a i l e d ca l cu l a t i o n s w e r e u se d b y w a s t e s t r e a m a n d m a y va r y f r o m t h e r o u n d e d t o t a l s .

34 F i g u r e 2 6 u se s s t r a i g h t l i n e co m p o u n d g r o w t h p r o j e c t i o n s , w h i ch i n p r a c t i ce i s u n l i ke l y t o o c c u r , b u t a s s i s t s i n
d e ve l o p i n g a r a n g e o f s ce n a r i o s t o u n d e r s t a n d t h e i m p a c t o f v a r t i n g g r o w t h r a t e s .
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An impor tant aspect o f F igure 26 is tha t growth happens slowly , so the in i t ia l p lant s ize is
l ike ly to be manageable for some years before the plant 's capaci ty has to be expanded. This
af fects budget ing and phasing as wel l as in i t ia l costs and r isk , cons idered below.

Given the var iabi l i ty o f waste volumes shown in Figure 24 through Figure 25, Figure 26 st i l l
represents an apprec iab le range, which increases r isk because of uncerta int ies about
populat ion growth and waste reduc t ion. However th is r isk can be almost ent i re ly addressed
using a r isk -managed " just in t ime" approach:

 Gasi f iers are scalable and uni ts can be added relat ive ly quick ly (wi th in 6-8 months, p lus
commiss ioning) . This means that i f , as and when the volume of waste grows, and/or as
waste character is t ics change, sui tably conf igured gasi f iers can be added and the plant
adjusted or expanded.

 This " just in t ime" approach: (a ) a l lows for
technology adaptat ion and improvement ;
(b) avoids the need to pay a higher cost
today, which would increase cost to current
res idents for a futu re need that is
uncerta in ; (c) l imi ts in i t i a l taxpayer
investment and r isk ; (d) reduces resul t ing
debt and opera t ing cos ts unt i l the need to
spend more is proven; and, (e ) a l lows
system design to match waste
character is t ics avai lab le in the futu re, no t
the ones guessed today to poten t ia l ly occur
in the future .

In short a just - in- t ime approach al lows for the plant to be sized as in i t ia l ly needed, then
expanded as/when the need is proven and avoids bui ld ing a plant for a volume that may not
mater ia l ize. We have thus considered a phased just- in- t ime approach wi th al lowance for
future expansion and adaptabi l i ty , d iscussed in sect ion 5.

4.4 Feedstock Process

I t is important to understand the gasi f icat ion process as i t impac ts locat ion, s i te use etc .

Waste st reams avai lab le wi th in the Township inc lude: MSW; food scraps and source
separated organics; yard and garden waste ; and wood waste, inc luding Construct ion &
Demol i t ion [C&D] mater ia ls . Recyc lable mater ia ls , inc luding metals , g lass, p last ics ,
paper/card board and related mater ia ls are separated into the Blue Box program and
reused/recyc led accordingly . Electronic was tes are also separate ly recyc led along wi th whi te
goods and appl iances. Figure 15 i l lus t rates gas i f ier po tent ia l feedstock and resource
recovery opt ions, but no te that whi le some aspects are poss ib le, they are not recommended.
Advanced Gasi f icat ion is able to handle a range of carbon ic mater ia ls and Figure 15 shows
the range of acceptable wastes and pr inc ipal resource recovery opt ions in bold. Figure 28
shows the general p rocess for handl ing these waste feedstocks.

F i g u r e 2 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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F i g u r e 2 8 : G a s i f i ca t i o n G e n e r a l P r o ce ss

Laboratory tes t ing has been prev ious ly undertaken of selec ted waste samples from Langford
and Sooke, which is bel ieved to be close to but not the same mixtu re as Esquimal t . An in i t ia l
phys ica l demonst rat ion test has also been undertaken and independent ly observed as being
sat is factory (Figure 27), i .e . the gasi f ier success fu l ly processed the local MSW and biosol ids .
We recommend undertak ing formal s t ruc tured laboratory and physica l tests however, as the
fastest and least expens ive way to conf i rm Esquimal t 's p roposed wastes wi l l work. Formal
tests are a minimum pre-requis i te for a potent ia l manufacturer 's system guarantee and would
be needed to conf i rm aspects such as b iochar qual i ty and potent ia l – wh ich would help
resolve r isk re lat ing to one of the larger revenue sources.

I t is help fu l to expla in how a guarantee would l i ke ly work . Fi rs t ly the manufacturer would
contract wi th Esquimal t to del iver an agreed system design and energy y ie ld, on which the
business case is predica ted. This would be determined by test ing actual samples of the
proposed wastes , both in a laboratory and in an exis t ing gasi f ie r . Funds would be bonded
and held in t rust and only re leased when the expected per formance is achieved. In th is way,
Esquimal t taxpayers would be buf fered from the r isk of non-perfo rmance or under-
performance. Cer ta in advance funds – test ing, des ign etc . would have to be expended but
these are smal l re lat ive to the cos t of the system, covered by the guarantee. Whi le the
manufacturer would charge for th is guarantee, the cost would l ike ly be comparat ive ly
acceptable. Because test ing inc ludes samples o f the ac tual p roposed feedstocks, th is
sequenced approach prov ides phys ical recorded proof that the system works, before
proceeding . This wi l l qu ick ly and very v isual ly help address taxpayer and r isk concerns.

The test shown in Figure 27 used local ly -obta ined MSW. I t shows the gasi f ier can handle
waste and model l ing shows i t can be viab le and feas ib le. We note tha t on rev iewing data
prov ided for th is study, we have not found issues that would cause a sys tem not to operate
successfu l ly . Tes t ing is thus a desi rable and recommended next s tep. Base tests are l ike ly
to  cost  ≈$20-30,000,  wh ich secures proof  of  operat ion wi th  actual  waste ,  wi th in  weeks,  at  a 
f ract ion of the cost o f a fu l l system. Note tha t the cost and tests have to be conf i rmed
depending on components requi red to reduce r isk.
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Recent internat ional media coverage 35 of recyc lab les in the Phi l ipp ines and Malays ia revealed
that recyc l ing was not happening as expected . For example as a resul t of th is and given
concerns over ocean plast ics , CRD revis i ted the potent ia l for p last ics and Styrofoam to be
handled local ly . The RotoGasi f ier can handle these produc ts , inc luding compound mater ia ls
where separa t ion and recyc l ing is not poss ib le (e i ther technical ly , pract i ca l ly or
economical ly ) . The remain ing household garbage consis ts pr imar i ly o f d i r ty paper/cardboard ,
hard and f i lm plas t ic , food and other organic mater ia l , l eather, fabr ics , shoes and other
text i les , and related discarded mater ia ls . This general munic ipal re fuse may conta in smal l
res idual amounts of metal , g lass and other iner t mater ia ls which should ideal ly be removed
for added recyc l ing before the mater ia l is shredded, dr ied and placed in to storage for
process ing through the gasi f ier .

Iner t wastes that are missed dur ing sort ing and recyc l ing wi l l not af fect the gasi f ie r , as the
mater ia ls wi l l be expel led wi th the biochar . I t is however bet ter to sort and extrac t these
i tems where feas ib le, to improve energy y ie ld and increase recyc l ing. Notably , th is approach
and the technology i tse l f are res i l ient to improper ly sor ted was tes.

The Advanced Gasi f ie r 's rotat ing design helps el iminate the poten t ia l for ash fus ion, which
was a contr ibu tory reason to select the RotoGasi f ier as the bes t avai lab le technology . Ash
fus ion can lead to downt ime whi le maintenance is undertaken. No other issues were found in
the samples that would impact maximiz ing upt ime through ongo ing management and operat ing
procedures wi l l moni to r feedstock in the event unexpected mater ia ls are inc luded in the waste
or other issues ar ise. 36

Waste Type

Moisture

content

Mineral ash

content Fusion Issues Contaminants

MSW 25% - 35% 20% - 30% No Possible

Food scraps 60% - 80% 20% - 30% No No

Yard/Garden 50% 5% - 30% No No

Wood (C&D) 5% - 20% 5% - 7% No No

F i g u r e 2 9 : C o m p o s i t i o n S u m m a r y

Figure 29 summarizes the typical main composi t ion of MSW, which can inc lude chlor ine and
sulphur, which can form acid and sulphur diox ide (and ammonia i f b iosol ids are gasi f ied) .
This is managed wi th of f - the-shel f s tandard in- l ine c leaning equipment , the need for which
wi l l be conf i rmed once test ing and analys is has been completed. Besides the use of
scrubbers, select ive ca ta ly t ic reduc t ion systems and standard ai r emiss ions contro l equipment
wi l l be insta l led to remove part icu la tes us ing an electrosta t ic prec ip i ta to r (ESP) or coated bag
f i l ter system. Both have proven sat is factory on plants in Vic tor ia and Europe for example.

Food scraps typical ly a lso conta in napkins and other paper, c loth towe ls , p last ic bags etc . ,
and have a high water content and wi l l l ike ly requi re shredding and dry ing pr ior to
gasi f icat ion. Al terna t ive ly , there may be si tuat ions where they may only need to be mixed to
be at or near the desi red level of mois ture content , or dr ied us ing heat f rom the oxida t ion
heater . These adjustments are part of normal operat ing procedures.

35 S e e f o r e xa m p l e a n o ve r v i e w v i d e o ,  a  ≈ 2 0  m i n u t e  C B C d o cu m e n t a r y v i d e o e xp o s i n g t h i s i s su e , o r v i d e o s # 1 o r # 2 ,
sh o w i n g r e p a t r i a t i o n o f r e c y c l a b l e s f o r i n c i n e r a t i o n i n B u r n a b y . A t l a n t i c p r o v i n ce c l i e n t s r e p o r t s i m i l a r i s su e s .

36 I n t h e e ve n t w a s t e s e x ce e d s t a n d a r d s , y i e l d w o u l d b e r e d u ce d a n d n o t r e su l t i n sy s t e m f a i l u r e .
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Yard and garden waste pr imar i ly consis ts of pruned branches under 3 inch, shrubs, weeds,
leaves and grass c l ipp ings (woody branches, weeds and shrubs wi l l need to be
chipped/shredded for gas i f icat ion) . Opt ional ly th is could be expanded to accept a l l woody
mater ia l inc luding t ree trunks and la rge branches , which are sui table for the gasi f ie r . The
shredder /ch ipper can handle C&D waste wood which would be select ive ly sor ted and
processed in the IRM fac i l i ty , i .e . the design can be adapted to al low for increased range and
volume of wastes wi th l i t t le ef fo r t o r cost , thus aid ing increased divers ion .

A key aspect of Yard & Garden waste is the highly cyc l ica l nature of the wastes and volumes
received in Spr ing and Fal l , shown in Figure 24. In i t ia l data did not show this but la ter data
revealed fundamental d i f ferences in f low ra tes, caus ing the ent i re plan t s ize, uni t s izes ,
pr ic ing and phasing to be recalculated. This i tem needs more rev iew should IRM progress,
but adequate assumpt ions have been possib le for the current ana lys is to proceed.

A concern in terms of energy y ie ld is mois ture content . Typical mois ture content o f green
wood is 40% - 45%, C&D wood 5% - 15% and the mineral ash content 5% - 7% and possib le
syngas contaminants f rom this are typica l ly low. Pivota l s taf f managed the Docks ide Green
gasi f ier where part icu late emiss ions were consis tent ly below MoE permi t requi rements and we
would expect a plant in Esquimal t to be s imi lar . The plan t wi l l use energy rec i rcu lat ion and
compat ib le dryers (used in dry ing sewage sludge and food scraps), spec i f ica l ly des igned for
energy rec i rcu lat ion and pass ing dryer a i r to the oxidat ion systems where volat i le organics
are mixed wi th syngas to improve energy y ie ld and address odour .

In summary al though more deta i led assessment wi l l be needed should IRM proceed fur ther ,
we have not ident i f ied anyth ing in the poss ib le feedstock tha t is l ike ly to cause signi f icant
issues for an Advanced Gasi f ier , o r jeopardise achiev ing compl iance wi th appl icable
regulat ions, or fa i l ing to meet the goals and expectat ions of the communi ty f inanc ia l ly or
env i ronmental ly . Test ing of the actual proposed wastes wi l l be needed to conf i rm th is bu t
ex is t ing tests (Figure 27) have demonstra ted successfu l operat ion.
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5 IRM Assessment

This sect ion out l ines the IRM Opt ions; assesses potent ia l p lant locat ions; prox imi ty to
poss ib le consumers of recovered resources; the capi ta l and operat ing costs inc luding the
v iabi l i ty of opt ions; procurement models ; and a possib le implementat ion schedule. These
factors were entered in to a l i fe cyc le business case model that calcula tes the l i fe cyc le fo r 30
years [p lus preparat ion and construct ion] for f inanc ia l aspects and 150 years for GHGs.
Inf la t ion is a lso considered s ince th is can have an apprec iable impact . The general process
used as a guide to assess IRM for Esquimal t is i l lus t rated in Figure 2 on page 6.

Pivota l 's IRM model is a "h ighest and best use and value" cash f low investment model ,
cons is tent wi th f inanc ia l s tandards but adapted to use the same standards and approaches to
address envi ronmental and resource aspects . 37 The models al low for in teract ive assessment
of opt ions so f inanc ia l , resource recovery and envi ronmental impacts and cost /benef i t can be
compared and the best opt ions chosen to maximize value over thei r l i fe cyc le. The
assessment of resource recovery is thus dynamic and adjusted to address vary ing waste
volumes, thus al lowing the impact on Esquimal t res idents to be assessed as assumpt ions are
adjusted. Scenar ios were then run to assess phasing and cost , and reduce r isk . The
fo l lowing descr ibes the inputs , assumpt ions, process and conclus ions .

5.1 Main Scenarios

Based on the evaluat ion of populat ion demographics and waste st ream volumes and af ter
d iscuss ion wi th staf f , we assessed the fo l lowing scenar ios:

Scenario Growth a) Township b) Combined

Current 3,398 t 6,498 t
1: Minimum 0.3%/yr 3,700 t 7,200 t
2: Moderate 1.0%/yr 4,700 t 8,800 t
3: High 1.7%/yr 5,800 t 11,100 t

F i g u r e 3 0 : S ce n a r i o S u m m a r y

Figure 30 summarizes a range of growth scenar ios (1-3) in combinat ion wi th ei ther Township-
only wastes (a) or combined Township and pr ivate ly-hauled wastes (b) . Further deta i l is
prov ided on f low var iat ions and scenar ios in 6 Findings , s ta r t ing on page 59. Given these
potent ia l f lows , p lan t s ize was es t imated, in i t ia l needs and expansion potent ia l taken into
account , wi th the fo l lowing considera t ion o f s i tes , phasing potent ia l and budgets.

37 T h e I R M m o d e l a n d a p p r o a ch i s p r o p r i e t a r y t o P i vo t a l b u t h a s b e e n i n d e p en d e n t l y r e v i e w e d a n d a p p r o ve d b y m u l t i p l e
c l i m a t e ch a n g e , f i n a n c i a l a n d a cco u n t i n g e xp e r t s , i n c l u d i n g a c a d e m i cs .
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5.2 Location Options

Over the past few years, the
pr imary s i te owned by the
Township and suggested for
considerat ion is the Pub l ic
Works Yard at the northeast
in tersect ion of Canteen and
Esquimal t Roads . An al ternate
s i te was also sugges ted in the
lands adjacent to Archie
Browning Spor ts Centre .
Al though other s i te opt ions
ex is t , these are the main curren t
opt ions, considered as fo l lows:

1. Public Works Yard – th is
smal l s i te on Canteen Road
is al ready wel l used, bu t there should be suf f ic ient space to accommodate a plant , wi th
expansion potent ia l and wi thout requi r ing ex is t ing act iv i t ies to be relocated, i f p lanned
carefu l ly . Staf f expressed concern about phasing on th is s i te so an in i t ia l d iscuss ion of
opt ions is prov ided in sect ion 5.2.1 Phasing on page 41 . Subject to decis ions over plant
s ize, we are sat is f ied a plant can be sui tably phased using the western port ion of th is s i te ,
wi th minima l impact to the main (upper ) part of the s i te.

The si te is a l ready zoned for s imi la r use , but would need to be approved for a var iat ion in
zoning to permi t energy generat ion. The loca t ion has reasonable prox imi ty to users able
to take advantage of the plant 's recovered energy ( for example F igure 31 i l lus t rates a
Dist r ic t Energy Sys tem al ignment to serve the munic ipal cent re) . Given the gradual
densi f icat ion of the cor r idor between
Canteen Road and the town centre, th is is a
sui table loca t ion wi th a loop commencing at
the Publ ic Works Yard, extending in i t ia l ly to
the munic ipal centre and Archie Browning,
then expanding as demand permi ts .

The Township owns and contro ls the s i te
and i t a l ready has a somewhat s imi lar
industr ia l use, so i t is considered a
potent ia l ly sui table opt ion. The Publ ic
Works Yard ac t iv i t ies do not need the
energy an IRM plant would produce, so the
energy wi l l have to be del ivered to nearby
consumers us ing an energy loop.

2. Archie Browning Sports Centre – th is is a
potent ia l energy consumer due to the

38 C o u r t e sy G o o g l e M a p s .

F i g u r e 3 1 : P o s s i b l e L o ca t i o n s & D E S

F i g u r e 3 2 : P u b l i c W o r k s Y a r d 38
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Centre 's h igh energy needs. I t has potent ia l land i f much of the plant can be located
underground, thus avoid ing any reduct ion in the land use. The locat ion could also serve
the nearby munic ipal bui ld ing, Esquimal t Recreat ion and Vi l lage Centres. The locat ion
marked "A" on Figure 33 is one al terna t ive, as th is could be complete ly shrouded from
adjacent bui ld ings, but some other locat ions and or ientat ions are poss ib le on th is s i te too .

Some chal lenges exis t however . Archie
Browning Spor ts Centre is near ing the end
of i ts l i fe cyc le and i t is assumed wi l l be
redeveloped at some point , which due to
phasing may see i t re located on the s i te.
Since th is has not commenced i t cannot ye t
be determined how the gasi f ier could work
wi th the Sport Centre or integrat ion as part
of the Recreat ion Centre . Access thus
cannot yet be determined but would logical ly
be from ei ther Esquimal t , Fraser or Lyal l
Stree ts , however locat ing the plant and
access, would l ike ly be delayed unt i l the
broader planning is completed. This would
make an IRM plan t on th is s i te dependent on
planning for th is cent re, thus delay ing implementat ion. Locat ing an IRM plant at th is s i te
would also l ike ly be par t -underground and/or wi th park ing above, both ra is ing costs and
increas ing serv ic ing complex i t ies and costs .

5.2.1 PHASING, ACCESS & TRAFFIC

As the Publ ic Works Yard might in i t ia l ly appear to be too smal l a s i te , i t he lps to show an
exis t ing plan t located in Whi te Cast le , Georgia (Figure 48 on page 77), which has more than
double the capaci ty est imated to be needed for Esquimal t , but on a simi lar footpr in t to that a t
the Publ ic Works s i te, which should thus be sui table prov ided i f i t can be integrated wi th the
Yard opera t ions to accommodate t ruck unloading and turn ing manoeuvres.

Figure 34 i l lus t rates some opt ions using the Publ ic Works Yard Canteen Road fron tage to
develop the IRM plant . Having the s i te on two levels creates both a di f f icu l ty and a possib le
advantage: the ramp needed to serv ice the upper part of the s i te can be relocated or i f
requi red , re ta ined. Whi le design wi l l be needed to conf i rm necessary deta i l , one opt ion is to
receive feedstocks f rom the upper level , which might mean al lowing 2-3 t rucks per day into
th is area . Al ternat ive ly i t may be possib le to receive trucks from Canteen Road, but th is
would l ike ly increase costs . As i l lus t ra ted in Figure 34, the "B" part o f the s i te fo r example
might conta in the gasi f ie r(s) and related energy systems, wi th the gasi f ie rs on sleds, thus
being removable di rect ly onto Canteen Road for of f -s i te maintenance or replacement .

As an al terna t ive, Figure 35 shows moving bui ld ings 1-3 to s i te 4, to crea te a s ingle area for
an IRM plant at the rear of the s i te which whi le not as large, is usable. Relocat ion of ex is t ing
bui ld ings would add cost – but may be desi rable i f th is a lso improves the Publ ic Works Yard 's
ut i l i ty . In both opt ions the systems would l ike ly be at sub-grade level to mi t igate appearance
and access, a l lowing for deck ing overhead and two levels of operat ion. Ex is t ing sta f f park ing
can be located on park ing structu res bui l t over the IRM plant – which wou ld increase cost but
may be expedient .

F i g u r e 3 3 : A r ch i e B r o w n i n g S i t e
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In summary there are several opt ions for how the Canteen Road si te might be ut i l ised, subject
to more deta i led rev iew and discuss ion. We note that the s i te has a signi f icant rock outc rop,
which wi l l increase si te prepara t ion costs , but wi l l be of fset by reducing foundat ion costs to
carry the main plant . An est imated al lowance
for th is has been inc luded in budgets.

Figure 25 is help fu l in showing that curren t
Township was te volumes could be addressed
by two f ive tonne per day uni ts , wi th a th i rd fo r
h igh was te volumes and as a backup or
maintenance uni t . Wi th in a few years and
as/when waste volumes grow, other uni ts would
be added. Figure 34 i l lus t rates the
approx imate s ize est imated for mul t ip le
gasi f iers on si te "B" wi th associated serv ice
access. The 's led ' or conta iner s ize that would
l ike ly be used simi lar to the gasi f ie r shown in
Figure 38 (or the cent ra l uni t in Figure 47) .
This prov ides some sense of the comparat ive ly
smal l s ize of the uni ts , thei r su i tabi l i ty and that
i t would be reasonably s imple to add fur ther
uni ts as and when needed.

In the long term fu ture should waste volumes
become excess ive, s i te modi f icat ions prove
impossib le or excess ively expensive, the
Publ ic Works s i te may become unsui tab le. In
that event i t may be necessary to open a
second si te, or in tens i fy use of the Publ ic
Works s i te, or re locate. Using gasi f iers on
removable s leds supports th is f lex ib i l i ty and
important ly , is consis ten t wi th a just - in- t ime
serv ice adaptat ion s trategy, which lowers r isk
and in i t ia l cost .

In short , opt ions ex is t to accommodate growth
i f and as requi red wi thout the need to plan ,
bui ld or budget for th is f rom incept ion, in
contrast to solut ions such as anaerobic
digest ion, which requi res major investment and
rel iance on projec t ions that may never happen.

Traf f ic is a concern for a l l pro jects in
Esquimal t and warrants considerat ion. In tha t
regard and assuming the plant takes both
Township and pr ivate wastes, the volume at
the s tar t  o f  the p ro ject  i s  est imated at  ≈18 
tonnes per day, which is curren t ly col lected by
trucks al ready operat ing in the communi ty
(est imated  at  ≈2-3  t ruck  v is i ts  to  the IRM 
fac i l i ty per day) . This is ant ic ipated to r ise to

F i g u r e 3 4 : P u b l i c W o r k s Y a r d L a yo u t 1

F i g u r e 3 5 : P u b l i c W o r k s Y a r d L a yo u t 2
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a maximum of  ≈25 tonnes which wi l l  l ike ly  be suppl ied by the same ≈2-3  t rucks per day a t  
peak (they wi l l have s l ight ly b igger loads). I t is important to note that we do not current ly
expect th is to increase t ruck tra f f ic in Esquimal t . These trucks are al ready col lect ing waste in
the communi ty but ins tead of going to Hart land Landf i l l , wi l l make a much shorte r t r ip to
Canteen Road, thus reducing overal l d is turbance and GHGs by unloading at Canteen Road.
At any given poin t near the s i te we ant ic ipate tha t at maximum, res idents might see t rucks
going to the plant for perhaps three 30 second intervals in tota l each way (arr iv ing and
depart ing) , but spread over the ent i re day. Addi t ional employee traf f ic is ant ic ipated to be a
maximum of perhaps 3-5 addi t ional cars or b icyc les over the span of the ent i re day, as
ex is t ing Township employees would l ike ly t ransfer to the IRM plan t . Whi le the f inal t raf f ic
impact wi l l need rev iew once plant capaci ty , pr ivate was te suppl iers and staf f ing are
conf i rmed, we current ly expect no s igni f icant not iceable impact to surrounding bui ld ings.

5.2.2 SITE CONCLUSIONS

In conclus ion, Archie Browning and Esquimal t Recreat ion Centre can be serv iced from the
Publ ic Works s i te and whi le th is would requi re a Dist r ic t Energy Loop, the Canteen Road si te
is s impler to serv ice, more appropr ia te ly zoned and al lows for phasing in other DES users, as
and when opportuni ty permi ts . I t is a lso s impler to expand and phase appropr ia te ly . We thus
conclude Archie Browning is a secondary opt ion but the preferred s i te and assumed herein for
model l ing purposes, is the Publ ic Works Si te . Other op t ions ex is t i f the i r cons iderat ion
proves necessary however, and were discussed wi th staf f , but these are not as contro l lab le,
are less access ib le, have higher costs to make workable (and wi th greater d i f f icu l ty) but
important ly , would inc rease cost to deploy recovered resources. This does not necessar i ly
ru le them out as being v iable or usable, but they are not as good as the above two opt ions.

The Publ ic Works Yard s i te on Canteen Road is owned and contro l led by the communi ty and
is in a locat ion wi th compat ib le uses, but i t is a lso l ike ly to be the most acceptable f rom a
traf f ic and serv ic ing perspect ive. Al though there is res ident ia l p roper ty adjacent to the east ,
these are unl ike ly to see, hear or smel l the p lant as they wi l l be buf fe red by the exis t ing
bui ld ings (and the gasi f ier would not crea te odour, noise or emiss ions) .

The Canteen Road si te sui tabi l i ty wi l l requi re conf i rmat ion fo l lowing prel iminary plant layout
and design s tage and as planning progresses through deta i led assessment , publ ic
engagement , regulato ry approvals , f inanc ing and Counci l 's dec is ion. As the s i te is owned by
the Township, we have exc luded land cos t . Shou ld ei ther of these si tes not be acceptable,
we conclude tha t other s i tes are l ike ly to be poss ib le, but would need add i t ional work to
conf i rm. Non-owned si tes wi l l inc rease plant costs .

5.3 Costs

Capi ta l costs Capi ta l costs have been assessed for p lant development wi th budgets
obta ined from suppl iers for major p lan t and equipment components. This
inc ludes costs for i tems such as shipping , s taf f ing, suppl ies, insurance etc .
Basic al lowances were inc luded for enc losures, which should be rev iewed
once the plant s ize and locat ion have been determined, but we ant ic ipa te
sav ings may be possib le through co- loca t ion a t the Publ ic Works Si te . These
wi l l be of fset to some ex tent by addi t ional s i te preparat ion costs ( rock
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removal and stabi l isat ion, park ing accommodat ion etc . ) .

Most of the main plant can be fabr icated local ly to address poss ib le issues
wi th exchange and import duty , wh ich are cur ren t ly somewhat in f lux. We
have prev ious ly met wi th qual i f ied BC fabr icato rs for the gasi f ier – whose
bids have been compet i t ive for o ther p lant fabr icat ion – to conf i rm qual i t y
and t imel iness of del ivery , as th is is the la rgest s ingle component . Other
fabr icato rs ex is t exper ienced making TSI 's p lants in Alberta and Quebec .
Budgets were developed for th is pro ject based on the main plant scenar ios.

Because feedstock laboratory and physical test ing has not yet been
undertaken, some uncerta inty ex is ts about the equipment needed to prepare
the feeds tock, s to rage, emiss ions contro l , chemicals management etc .
Standard assumpt ions have been inc luded in the capi ta l and operat ing
budgets. We do not current ly expect any ext raord inary costs but the budget
should be rev iewed once plant s ize is conf i rmed, test ing has been comple ted
and the system design conf i rmed, as th is would al ter overa l l system pr ic ing.

Sof t cos ts
and fees

The in i t ia l capi ta l cost main ly re lates to preparat ion, impact assessments,
permi ts , des ign and implementat ion planning , regulatory and other aspects .
Regulatory agencies were approached to conf i rm process which for the most
part re lates to emiss ions moni tor ing. Costs and t iming for these aspects
were inc luded in the model , fo r munic ipal processes, l icens ing and
associated fees.

Cont ingency
& inf la t ion

Cont ingencies were set at 20% for the planning and preparat ion per iod as
th is is where extra t ime and cost typ ica l ly occurs . Fol lowing discuss ion wi th
major suppl ie rs , a 15% cont ingency has been used for construc t ion and
associated sof t costs . We assumed the highest addi t ional margin indica ted
to us (cos t p lus 15% on al l capi ta l cos ts) rather than quot ing costs as "cost
±15%" which is a common pract ice . This is conservat ive and means tha t ( in
Scenar io 2b for example) the budget tota l is under $19m ±15%, but $21.3m
has been used to test v iabi l i ty .

BC's long term inf la t ion rate was used for in f la t ion-adjusted models and run
in paral le l to curren t cos t models so the impac t o f in f la t ion could be
assessed. In f la t ion can have an apprec iable impact on l i fe cyc le value .
Values quoted are thus the amounts that would be expected to be received,
adjusted for in f la t ion .

Finance The inte rest rate appl icable to debt depends great ly on the procurement
approach. The lowest rate can be obta ined by the Township owning and
operat ing the plant , but th is can add r isk i f not carefu l ly managed. The
highest cost of debt is l i ke ly to be for a pr iva te prov ider absorbing the r isk
wi th minima l taxpayer-backed guarantees. We assessed the cos t of f inance
under vary ing scenar ios and inc luded th is in the model . The impl icat ions are
considered in the Risk & Procurement sect ion.

We model IRM using both cash f low and DCF models to al low compar ison .
As the debt f inance rate is a ref lec t ion o f the r isk of a pro ject , and the cash
f lows inc lude i t , r isk is inc luded in the f inance rate. DCF calcula t ions
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exclude debt , so the discount ra te re f lects r isk in DCFs. An al ternat ive cost
of money approach was used in select ing the discount ra te, assuming tha t
the communi ty has taken reasonable steps to reduce r isk whether the project
is communi ty-owned or implemented wi th al terna te procurement .

Operat ing &
maintenance
costs

Exper ience wi th staf f ing for gas i f iers in Vic to r ia , the USA and Europe were
used to develop basic staf f ing models . Pr ivate haulers have been canvassed
and prov ided comment on staf f ing and waste process ing requi rements.
Operat ing and main tenance costs were projected based on indust ry
standards for a pro ject o f th is type and projected for the l i fe cyc le. Note that
ex is t ing staf f may choose to t ransfer and potent ia l ly upgrade sk i l ls , which in
combinat ion wi th other poss ib le sav ings (such as GHG reduct ion costs , GHG
taxes,  etc . ) ,  we es t imate  should reduce Township budgets  by ≈$4-500,000 
annual ly but has not been taken assumed in the models , i .e . we expect there
wi l l be fur ther sav ings. O&M budgets vary depending on the scenar io used
and are inc luded as l ine 02 in Figure 30.

5.4 Revenues

IRM systems have mul t ip le poten t ia l ou tputs which are saleable and the revenues are used to
part ia l ly o r fu l ly of fse t system costs . The main revenues inc lude:

 Electric i ty . Curren t ly , BC Hydro is not act ive ly pursuing new susta inab le energy
contracts because the prov ince is a net exporter of e lect r ic i ty , bu t e lect r i c i ty genera t ion
can be added late r , should c i rcumstances change and BC Hydro express interest in
support ing susta inable local power generat ion. Note that we have model led electr ic i ty
v iabi l i ty and conclude i t is a margina l f inanc ia l and envi ronmental benef i t , largely due to
high costs of compl iance wi th BC Hydro requi rements, extended process and contract ,
increased r isk and a low feed- in tar i f f . This may change i f local generat ion r ises in
pr ior i ty , for example to avoid expenses in funding addi t ional t ransmiss ion l ines.

Since BC's elect r ica l generat ion is dominant ly hydro-e lect r ic , the potent ia l CO 2 e reduc t ion
from susta inable electr ica l energy is not h igh, except in disp lac ing ai r condi t ion ing, which
can also be achieved wi th a DEL. We have
thus exc luded electr ic i ty f rom the planned
model at th is poin t .

 Heating and cooling . Gasi f icat ion
generates substan t ia l amounts of heat and
by using absorpt ion chi l l er systems can produce cool ing, which means that gas i f icat ion
can displace both natura l gas and electr ic i ty . On average, Canada uses foss i l fue ls fo r an
apprec iable port ion of i t s thermal needs and the l i fecyc le GHG intens i ty of natura l gas is
0.252tCO 2 e /MWht whereas electr ic i ty 's l i fecyc le GHG intens i ty is 0.071tCO 2 e /MWht. 39

Natura l gas typica l ly cos ts in the range of $2-2.50/GJ (adjusted for ef f ic iency to $3/GJ),
but government is press ing suppl iers to achieve increas ing percentages of "Renewable

39 G H G e n i u s m o d e l v4 . 0 3 a n d G o ve r n m e n t o f C a n a d a 2 0 1 8 N a t i o n a l G H G I n ve n t o r y .

Heat Power
Thermal 3.23mw/tonne ―-
Thermal & electrical 2.26mw/tonne 0.73mw/tonne

F i g u r e 3 6 : Y i e l d P e r D r y T o n n e o f W a s t e
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Natura l Gas" (RNG) to d isplace foss i l -based methane. The syngas produced by
RotoGasi f ica t ion is not d i rect ly usable as natura l gas and so has his tor ica l ly not qual i f ied
as being renewable, however th is appears to now be changing where syngas displaces
natura l gas. In the case of the proposed Esquimal t p lant , syngas would displace natura l
gas for heat ing .

Whi le conf i rmat ion wi l l be requi red f rom the BC Ut i l i t ies Commiss ion (BCUC), we have
discussed wi th Fort is and other ut i l i t i es the potent ia l fo r output to in ef fect , qual i fy as
RNG, which is achiev ing pr ices of $20-30/GJ, so we have thus adopted a value of $20/GJ
in model l ing and assessed the impl icat ions in in i t ia l sens i t iv i ty models . Cool ing is pr iced
equivalent to the cost o f e lect r ic i ty so for model l ing purposes we have adopted $0.11/kwh.
The ≈1km DES cost  has been est imated and inc luded as part  o f  the  system capex and the 
IRM model inc ludes adjustment fo r convers ion losses etc .

 Water . The la rgest s ing le element of sol id waste is in fac t water but th is is a lmost never
reported. Ki tchen scraps, yard and garden waste can conta in as much as 70% moisture,
i .e . only 30% is the dry component that c reates energy. This is why inc inerat ion of waste
is expensive, s ince combust ion of was te requi res i t to be as dry as poss ib le. By contrast
Advanced Gasi f iers work best wi th a moisture content o f 20-25%, but can to lera te up to
50% moisture content , making them ideal fo r managing both l iqu id waste res iduals and
sol id waste. In addi t ion water (H 2 O) when gasi f ied, separates in to hydrogen and oxygen,
which the gasi f ie r tu rns into hydrogen and carbon monoxide, the main components of
syngas. Recyc led heat i s used to dry waste to the requis i te level , wi th the water
condensed as a bi -p roduct , which has the potent ia l to be f i l te red and reused as dis t i l led
water . In the IRM models we ran, we calculate up to 3.2 mi l l ion l i t res o f water may be
generated and poten t ia l l y reused annual ly as dis t i l led water .

Capi ta l Regional Dis t r ic t has an ef f ic ient potable water system with ample c lean water
supply at ext remely low cost . F i l ter ing water recovered f rom gasi f icat ion for poss ib le use
and sale would thus add cost and not be compet i t ive, net of revenues from sales.
Therefore whi le the opt ion exis ts to add f i l t ra t ion and bot t le the water as dis t i l led water , i t
would curren t ly increase taxpayer cost to recover and sel l water . We have thus assumed
this wi l l not curren t ly be pursued, but can be explored and added in subsequent years i f
c i rcumstances change and there is v iable demand. The dis t i l led water f rom gasi f icat ion
wi l l be c leaned and discharged to storm sewers, or poss ib ly to the main sewer. This
decis ion can on ly be made once the volume is determined and wastes tested.

 Carbon Credits . Gasi f i cat ion of munic ipal waste has the poten t ia l to s igni f icant ly reduce
carbon emiss ions and is a ver i f iab le of fset able to be sold on carbon markets . Federal
government has been pushing for a move towards carbon tax of $50/ tCO 2 e, by 2022 but
th is is not the level of revenues that might be achieved from sale o f cred i ts . The quest ion
thus ar ises as to the level that c redi ts might ach ieve in the long term. I f sa le of heat ing is
conf i rmed under BCUC regulat ions, the CO 2 e benef i t would not be avai lab le, which has
been assessed as par t o f model l ing.

In emerging marke ts , long term values are di f f icu l t to predic t and because carbon credi ts
sel l essent ia l ly to brokers, an al lowance has to be made for prof i t margin . For model l ing
purposes we est imated hal f the expected value of carbon tax, then canvassed opin ions
from carbon sector profess ionals . They conf i rmed th is as being reasonab le. A rate of
$25/ tCO 2 e has thus been appl ied which in real i t y , is l ike ly to prove conservat ive as
c l imate act ion strengthens.



Esq u im a l t I RM - Tec h n i ca l R ep or t
29 Ju ne 2 02 0  Pa ge 4 7

 Tipping fees . Esquimal t co l lects waste from dominant ly s ingle fami ly homes and charges
based on cos t recovery for th is serv ice. We calculate (Figure 22) the Township 's to ta l
costs inc luding haulage and disposal tota l on average approx imate ly $191.81/ tonne,
a l though components are up to $277.50/ tonne. As noted in s.4 .3.2 (page 29), s taf f
conf i rm that the Township does not col lect a l l waste in Esquimal t and our research
ident i f ied an addi t ional 3,100 tonnes, which imp l ies the tota l waste generated in Esquimal t
may be in the order o f 6,498 wet tonnes in 2019.

There are thus two main in i t ia l p lant op t ions: a f i rs t tha t addresses sole ly the volume
col lected by the Township; and a larger volume that inc ludes other Esquimal t was te
volumes. Both would need Counci l and communi ty suppor t but the la rger p lant would be
consis tent wi th the need to plan for a l l the communi ty 's wastes . Both smal ler and larger
p lant capaci ty opt ions have been assessed.

Regarding col lec t ion cos ts and to prov ide contex t , t ipp ing fees at Hart land are curren t ly
$120/ tonne for food was te, $59/ tonne for yard waste, and $110/ tonne for mixed MSW,
which exc ludes the cost of col lect ion and haulage. We used $75/ tonne as a volume-
adjusted average for food, yard and garden waste and $110/ tonne for sor ted MSW in
model l ing. This exc ludes haulage cos ts s ince these are needed to support co l lect ion and
del ivery of wastes to the plant , but which should be able to drop s l ight ly , g iven that a
local IRM plant should reduce or avoid t r ips
to Hart land .

Whi le tota l revenues vary depending on
plant s ize, i t he lps to prov ide context to
th is i tem. Tipping fees have his tor ica l ly
r isen roughly in l ine wi th inf la t ion so th is
revenue is considered to have low r isk.
Tipping fee revenues are important in that
where the plant is s ized to cope wi th the
fu l l communi ty waste , the t ipping fees
approach the cost of f inanc ing the plant .
Since ≈52% of  the t ipp ing fees is  
contro l led  by the  Township and ≈48% can 
be pre-contrac ted, th is r isk can be reduced
before the project is commit ted.

 Biochar . Biochar represents an
apprec iable port ion of the potent ia l
revenues f rom gasi f icat ion and as i t may be
unfami l iar , grea ter deta i l is prov ided on
th is aspect .

Most people wi l l be fami l iar wi th biochar as
charcoal fo r barbecues, which is usual ly
wood, heated so the volat i le organic
compounds turn into gas and the res idual
is a crysta l l ine carbon char, usua l ly b lack
and in lumps or powdery and conta in ing
minera ls . Biochar is where the source is
biogenic in nature and since waste is F i g u r e 3 7 : B i o ch a r O u t p u t & T e s t i n g
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most ly b iogenic ( typ ica l l y >88%), gas i f icat ion of waste can crea te a biochar. I t can be
used as a ster i le so i l amendment for rehabi l i ta t ion or stabi l isat ion , or as a soi l
supplement . At the higher end, b iochar may also be fami l ia r as "ac t ivated charcoal
f i l ters" , used for a i r f i l t ra t ion in the medical , laboratory and other sectors . Lower qual i ty
f i l ters also use i t , fo r example in poo l and aquar ium insta l la t ions. F igure 50 prov ides a
l is t of b iochar uses , which are inc reas ing because the carbon la t t ice st ructure reta ins
organics, fer t i l ize r , water and minerals , which are benef ic ia l for resto r ing soi ls , improved
plant growth etc .

Because i t is s te r i le and reta ins minerals , b iochar can essent ia l ly act as a fer t i l izer and
subject to test ing , should be able to exceed requi rements for local land appl icat ion, i f th is
is des i red. Figure 37 shows biochar output wi th weather tes t ing. I t can also be fabr icated
as a br iquet te (Figure 52), but an importan t benef i t is i ts abi l i ty to mainta in i ts s t ructure
and reta in water , microbes and fer t i l izers .

Values for b iochar have general ly r isen, l inked to the biochar market and qual i ty .
Pivota l 's research of re ta i l b iochar pr ices from late 2019 shows a range of reta i l pr ices ,
wi th the highest qual i ty act ivated carbon f i l t ra t ion as high as US$48,000 per tonne.

Wi thout test ing and cert i f icat ion, values of b iochar f rom waste are di f f icu l t to predic t and
l ike ly to achieve lower levels of value . West Biofuels cur rent ly sel l untested bulk biochar
f rom RotoGasi f ie r tes ts in Cal i forn ia to a local munic ipal parks department , fo r use as a
soi l amendment , at US$750/ tonne. Biochar used as a soi l supplement is typ ica l ly in the
range of US$4,000 and higher reta i l . Fol lowing consul tat ion wi th indust ry adv isers in the
US, we used US$2,000/ tonne in model l ing to test the sensi t iv i ty of the f inanc ia l model .

Biochar has an element that commentators bel ieve is increas ingly l ike ly to ra ise biochar 's
prof i le and value in the future. Independent stud ies have concluded tha t b iochar
sequesters carbon when used as a soi l addi t ive and the tCO 2 e of b iochar is 2.9336 t imes
the weight . This means that wi th for food scraps for example, 100 "wet" tonnes would
generate about 12 dry tonnes of b iochar, which has a carbon sequest rat ion potent ia l of
≈35 tonnes CO 2 e. Whi le the amount sequestered var ies depending on the nature of the
waste, sequest rat ion is gain ing at tent ion as a way to reduce atmospher ic carbon but is not
fu l ly ref lected in carbon credi ts or other revenues, which is current ly the only f inanc ia l
va lue at tached to sequestrat ion. The intangib le value of sequestra t ion is increas ingly
substant ia l .

Because biochar is one of the more importan t contr ibuto rs to the business case, and the
exact amount of b iochar can only be determined by test ing and cert i f icat ion, we have
recommended ear ly test ing so the value and sequestrat ion potent ia l a re conf i rmed and
pre-cont racted before proceeding much fur ther . Assessment of test resul ts f rom biochar
experts has been engaged but more wi l l be requ i red and as test ing opens the potent ia l for
a system and yie ld guarantee, i t is a recommended, fast and simple r isk mi t igat ion s tep.

5.5 Intangible Benefits

Over and above the tang ib le benef i ts of developing an IRM gasi f icat ion system in Esquimal t
there are numerous potent ia l in tangib le benef i ts that wi l l s t imula te economic development and
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prove to have benef i ts over and above the economics. The fo l lowing l is t out l ines some of the
potent ia l benef i ts l ike ly to be achieved by the Township:

 The evidence of s imi la r examples in Europe is that pro jec ts of th is na ture produce
at tent ion nat ional ly and internat ional ly , due to the l inkage of f inanc ia l and envi ronmental
leadership. An EU example resul ted in demand for educat ion and tra in ing, tour ism, and
partnerships f rom l ike minded business leaders , new commerc ia l locat ions and hote ls .
We thus expect a mul t ip l ier ef fect where other bus iness is generated because of the
commitment to susta inabi l i ty an IRM plant demonstrates. An example in Austr ia
generated a 35% boost to a smal l rura l communi ty over a 5-10 year per iod af ter years of
the communi ty dec l in ing in commerce and size.

 We expect there to a local re-spending ef fect , where investment in local in f rast ructure and
employment reduces payments to outs ide communi t ies, and is replaced by reta in ing
expendi tures wi th in the communi ty . Examples o f these inc lude cessat ion of land f i l l
spending, cessat ion o f energy payments (heat ing , cool ing) to ex ternal companies, and
improved revenues f rom sale of b iochar reducing taxpayer costs , a l lowing taxpayers to
spend the f inanc ia l benef i t local ly .

 External d i rec t fu l l - t ime jobs wi l l l ike ly be created in addi t ion to the employees current ly
wi th the Township . Some employment wi l l be technical but others wi l l be more unsk i l led ,
thus prov id ing broader employment opportuni t ies . We also ant ic ipate ind i rect serv ice and
support employment , the extent o f which is d i f f icu l t to quant i fy but unl ike ly to be large.

 There is an advantage for other BC and Canadian communi t ies to unders tand how
Esquimal t achieved and exceeded carbon neutra l i ty on operat ions at negl ig ib le di f ference
in cost , inc luding sequester ing carbon. In Europe th is has generated eco-tour ism and
eco-t ra in ing opportun i t ies, increas ing media coverage of the communi ty . This creates
media and recogni t ion benef i ts wi thout media expendi tures and a posi t ive associat ion of
the communi ty wi th susta inable di rect ion. As sequestrat ion is a key inte rnat ional goal ,
th is aspect is l ike ly to gain the Township considerable and broad media coverage, wi th
posi t ive connotat ions.

 As noted prev ious ly , emiss ions from gasi f icat ion are expected to be equivalent to a
natura l  gas f lue  and are ≈88% atmospher ic ,  i .e .  not  f rom foss i l  sources.  

 A f inal re levant benef i t for the region re la tes to Hart land Landf i l l . Assuming the
recommended opt ion is implemented in Esquimal t and then adopted across the region,
there would be apprec iable landf i l l d ivers ion , wh ich is pro jec ted to hi t capaci ty by 2045.
An Esquimal t IRM plant would only extend th is l i fe by approx imate ly two years but i f IRM
is broadly adopted , the landf i l l 's ut i l i ty would be extended unt i l a t least 2186. We have
not pr iced th is benef i t in f inanc ia l o r env i ronmental terms, but i t would be very
considerable indeed.

5.5.1 BROADER CARBON & ENERGY REDUCTION

IRM was in part conceived to reduce GHGs, which is a communi ty object ive. Should the
decis ion be made to imp lement IRM, the plan t wi l l use an energy loop to dis t r ibute recovered
energy to consumers , most l ike ly in the v ic in i ty of the munic ipal core and recrea t ion centre –
or ig inal ly assessed by KWL. In tha t event , p lann ing should inc lude a rev iew of fac i l i t ies to
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assess how to reduce thei r energy needs , which would permi t the recovered susta inable
energy to supply more bui ld ings, thereby fur ther reducing those bui ld ings ' carbon footpr in t
and thei r energy costs . This is how IRM has been implemented in Sweden for example.

Our energy engineer ing advisor 's rev iew of the potent ia l conc luded that Esquimal t wi l l benef i t
f rom a st rategic Net Zero assessment to understand how to both reduce energy costs and
carbon costs and also , how to phase in a Dist r ic t Energy Loop as par t of a DES. This wi l l
benef i t even i f IRM is not pursued, because i t is expected to support carbon reduc t ion and
reduce energy costs . Wi thout th is assessment , the DES wi l l be planned based on exis t ing
energy demand, which wi l l miss the potent ia l to maximize both carbon and cost reduct ion .
Most of th is benef i t wi l l accrue to the Townsh ip, but we expect would also benef i t o ther
bui ld ings and owners, and is thus recommended.

5.6 Risk & Procurement

Simple changes to how IRM might be procured could almost e l iminate the cost , and/or near -
e l iminate the r isk . Risk and Procurement are thus extremely importan t issues.

Many communi t ies have common approaches to serv ice del ivery and use basic ways to obta in
serv ices. Whi le sel f -supply and taxpayer funding of serv ices may of ten be preferred , i t has
impl icat ions that should be carefu l ly compared wi th other opt ions. An in t roductory discuss ion
of r isk and procurement fo l lows but a fo l low-up workshop is highly recommended.

5.6.1 RISK

We were asked to prov ide a prel iminary comment on the main r isks. Whi le not a fu l l r isk
assessment , i t is in tended to prov ide a prel iminary grasp of the main aspects , thei r
probabi l i ty , impact poten t ia l and resolut ion opt ions. There are a number of r isks speci f ic to
pro jects o f th is nature worthy of note .

I tem Comment

Technology &
operat ing r isk

Almost a l l systems used in the waste sector have some form of technology
r isk , some being more widely known than others. The quest ion is whether
the r isk /benef i t ra t io of pursuing an IRM direc t ion makes the sys tems
worthwhi le ; what a l terna t ives ex is t ; and whether the r isks o f the
technologies are reasonable and can be managed.

IRM uses more advanced technologies wi th fewer ex is t ing precedents in the
way tha t Esquimal t in tends to operate. This represents potent ia l r isk .
However as shown by the technology rev iew, o ther opt ions to address waste
have proven ei ther incomplete, expensive, or fa i l to achieve envi ronmental
or resource recovery object ives and many have thei r own signi f icant r isks.
Whi le IRM has technology r isk , the waste sector has few simple solut ions,
which is why innovat ion is needed wi th di rect ef for t requi red to manage
them. The issue for Esquimal t is therefo re whether the r isk represented by
gasi f icat ion is acceptable, g iven the al ternat ives and opt ions for managing
the r isk .
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I tem Comment

Firs t ly some studies suggest there are no gasi f ie rs opera t ing wi th MSW,
which is incorrec t . In ternat ional ly there are a s igni f icant number of gas i f iers
handl ing munic ipal wastes, wi th considerable operat ing track record . We
have rev iewed in format ion on over 90 gasi f icat ion plants operat ing in Europe
and Asia process ing MSW, scraps and bioso l ids wi th an equivalent to ta l of
more than 1,000 years ' operat ion and more certa in ly ex is t operat ing
successfu l ly , process ing MSW or MSW components. This is because
gasi f iers work wi th any carbonic mater ia l and do not t reat MSW's carbonic
feedstock di f ferent ly .

Secondly , the r isk can be managed ei ther through running phys ical samples
of the waste through a test uni t in Ca l i forn ia, o r by purchasing a smal l
mobi le uni t (s imi lar to that shown in F igure 38) for extended on-s i te tests .

Thi rd ly , the r isk can be managed through guarantees. These would ensure
handover and payment only occurs when the systems are achiev ing stab le
y ie lds equal to those in the business case. Long term operat ing r isk is
part ly a funct ion of technology, bu t most ly down to the operator . This r i sk
can also be of fset through of fs i te moni to r ing. Combined, these insula te
taxpayers f rom technical r isk .

Last ly in i t i a l demonst rat ion
tests have been success fu l
us ing local wastes and prove
the systems work (Figure 27).
The tests were independent ly
observed and separate
laborato ry tests also conf i rmed
sui tabi l i ty .

The main technology selected
is Advanced Rotary
Gasi f icat ion (RotoGasi f ier)
manufactured by TSI Inc . of
Washington Sta te. The
company was establ ished in the 1990 's wi th a long track record of
successfu l operat ions and plants at mul t ip le sca les, inc luding the wor ld 's
largest gas i f ier pel le t p lant (Figure 47). Construct ion companies and
operators wi th balance sheets exceeding C$20bn are prepared to underwr i te
the system and prov ide a fu l l wrap ( i .e . a guarantee). The fact that la rge
companies wi th substant ia l funds are prepared to underwr i te the gasi f ie r
prov ides assurance that the system works.

Should there be any concern about the technology af ter formal laboratory
and physical tests , i t may be poss ib le to tes t the recommended system with
an in i t ia l 5 tonne removable s led uni t (s imi la r to Figure 38). This should
prov ide comfort wi th the system's capabi l i ty and resolve any remain ing
quest ions about technology r isk .

F i g u r e 3 8 : M o b i l e R o t o G a s i f i e r U n i t
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I tem Comment

In summary whi le the probabi l i ty of technology r isk is h igh wi th al l systems –
not just Advanced Gasi f i cat ion - the impac t is considered low/min imal ( i .e .
underperformance unt i l corrected) and the abi l i t y to mi t iga te is h igh.
Technology r isk should not be a reason to re ject the approach.

Feedstock r isk Esquimal t 's feedstock character is t ics have var ied over the past ten years
and can be expected to cont inue to vary. Any approach to managing waste
must thus be adaptable to changes and res i l i ent to feedstock f luctua t ions.
Even though the plan t is a mul t i - fue l system, th is can be a chal lenge
because waste qual i ty wi l l be managed by operators , not system
manufacturers , making i t d i f f icu l t for them to guarantee systems. The
communi ty wi l l want to d ispose of waste but o f ten lacks the d i l igence to
separate wastes correct l y , which places higher emphasis on ongoing
management. Feedstock r isk thus needs carefu l cons iderat ion.

His tor ica l ly landf i l ls have been used and easi ly handle waste f luctuat ions,
but these resul t in leachate, odour and r is ing GHGs, and fa i l to capture
energy except at h igh addi t ional cost and have signi f icant res idual post-
c losure costs and envi ronmental chal lenges, which are rare ly inc luded in the
cost dur ing thei r operat ing l i fe cyc le. New technologies based on bio logical
systems do a bet ter job of captur ing energy and avoid ing envi ronmental r isk ,
but are suscept ib le to f luctuat ion (e.g . anaerobic digest ion is sensi t ive) and
have a high l i fe cyc le cost and thus, r isk . Bio log ical systems also have a
l imi ted band of wastes they can manage and are a less complete solut ion
than gasi f ica t ion (noted in Figure 7).

Feedstock var iat ion is a less importan t r isk for the Advanced RotoGasi f ie r ,
which is a thermochemical and phys ical process. This prov ides a greater
degree of cont ro l and certa inty and the systems can be adjus ted to manage
changes in feedstock wi th in broad operat ing l imi ts .

Whi le the above should be suf f ic ien t to address technology r isk , a l l
technologies are suscept ib le to changes in feeds tock, which is ou ts ide the
technology suppl ier 's contro l . A sample of waste from Langford, s imi la r to
Esquimal t 's waste, has been tested by TSI and conf i rmed sui table for
gas i f icat ion. A demonst rat ion test was also run (Figure 27) , but has not yet
been run for an extended durat ion, i .e . the system is expected to work, and
has phys ical ly worked wi th s imi lar wastes , but fu r ther test ing is des i rable .

The system wi l l be designed to handle a speci f ic type of waste , wi th pre-
speci f ied to lerance. Ongoing ef for t wi l l be needed to ensure the waste fa l ls
wi th in the speci f icat ions , so th is is considered a manageable r isk but not
wi thout cost and process. Much of th is can be addressed pr ior to
substant ia l investment and commitment through test ing.

Contract r isk There are mul t ip le types of cont ract r isk , the fo l lowing considers some of the
more dis t inc t ive r isks on ly . Construct ion r isks are common for capi ta l
pro jects wi th known mit igat ion st rategies ( insurance, bonding etc . ) and
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I tem Comment

should be considered separate ly .

The Township has some contro l o f cur rent waste col lect ion serv ices but th is
is not mandated by law and cessat ion is a poten t ia l r isk . Whi le the
Envi ronmental Management Act prov ides for the Minis ter to di rec t was te in a
jur isd ic t ion to be processed in a speci f ic way, th is has been decl ined for
other communi t ies such as Metro Vancouver, the issue being that doing so
essent ia l ly expropr ia tes a personal chat te l .

Pr ivate haule rs expressed interest en ter ing into long term contracts to
del iver the waste. These contrac ts may also be at r isk . This is managed by
the system being suf f ic ient ly compet i t ive to ensure tha t i t can re ta in
contracted haulers or i f these fa i l , the i r replacements. This wi l l be more
chal lenging in i t ia l ly so care has been taken to assess the in i t ia l f inanc ia l
per formance.

Whi le the taxpayer may be the 'underwr i te r of last resor t ' to the r isk , most
scenar ios show that revenues should generate suf f ic ient margin to avoid
requi r ing subsidy.

Other unique cont ract r i sks l ike ly re late to long term systems main tenance,
which has been raised wi th suppl ie rs and can be managed through
inte l lectual r ights /permi ts , p lans and l icences in the event of suppl ier fa i lure.

Standard cont ract r isks (such as construct ion) are typica l fo r p ro jects o f th is
type and can be managed through appo int ing a General Contractor . Three
qual i f ied contractors are interested in tak ing th is r isk as a fu l l wrap wi th th is
speci f ic technology, two local ly and one nat ional l y , a l though more are l ike ly
to ex is t . This is pos i t ive as one in par t icu lar is fami l iar wi th the systems and
suppl iers and wi l l guarantee them, wi th >C$10bn book value , i .e . substant ia l
capabi l i ty .

Cost / revenue
r isk

Revenue r isks ex is t and are potent ia l ly s igni f ican t , but most are considered
low probabi l i ty and manageable as they can be largely pre-cont racted .
Tipping fee r isk can be contracted wi th haulers or is cont ro l led by the
Township .

Biochar r isk is the s ingle largest r isk so extra in format ion on th is component
has been prov ided. Discuss ions wi th sector experts and gasi f ie r exper ience
is that th is r isk can be mit igated by test ing samples and pre-cont ract ing (see
Revenues on page 45 and Appendix 3:Biochar on page 78 for more
informat ion) . In terms of pr ic ing, we re-checked wi th sector adv isors to
conf i rm potent ia l and selected a sale pr ice in the mid- to upper-end of the
range for low grade soi l supplements, knowing i t should be feas ib le to
exceed th is pr ice wi th good management, i .e . th is r isk is moderate as the
pr ice chosen is conservat ive. The volume outpu t is a lso comparat ive ly
smal l , making i t less r isky to address. Biochar is an emerging market and
current ly pr ices are r is ing, but the long term growth r isk of th is revenue is
not known. We tes ted the sensi t iv i ty o f the IRM model to changes in biochar
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I tem Comment

revenues and mit iga ted th is r isk by ignor ing growth poten t ia l fo r th is i tem,
beyond normal in f la t ion.

Revenues from heat ing and cool ing can be contracted wi th communi ty assets
but recent ly , Fort is has indicated that i t cons iders syngas to be equivalent to
Renewable Natura l Gas, making i t e l ig ib le for RNG tar i f fs . We have a
general LOI wi th Fort is for RNG product ion and have conf i rmed pr ic ing
potent ia l wi th a major ut i l i ty that has commit ted above the rates used. This
pr ice wi l l requi re BC Ut i l i t ies Commiss ion rat i f ica t ion, bu t is logica l ly being
treated as RNG given that i t replaces the need for natura l gas and is f rom
susta inable sources considered to be atmospher ic carbon, and al ready
compl ies wi th the susta inable elect r ica l generat ion requi rements. The value
used in models represents a one th i rd reduc t ion f rom the maximum RNG rate
indicated to us, i .e . is considered conservat ive , to manage r isk.

The r isk o f t ipp ing fees and energy pr ice reducing over t ime is considered
low. This is as dis t inct f rom feeds tock r isk , d iscussed above.

Cost r isk was managed by obta in ing budgets f rom prov iders and added
appropr iate cont ingencies however, un t i l tes t ing is undertaken and the
feedstock and plant s ize conf i rmed, budgets should be regarded as
prel iminary but reasonable for current purposes. Enqui r ies were made to
conf i rm debt and ref inance rates under a range of poss ib le procurement
scenar ios but the probabi l i ty and impact of these is low.

In summary revenue r isk probabi l i ty is in i t i a l ly h igh but addressed through
pre-cont ract ing , i .e . , making i t manageable. In the long term, contrac ts wi l l
requi re management and renewal , so th is r isk is considered low/moderate
but manageable. Impact of both is l ike ly to be l imi ted to short term f inancia l
underperformance tha t i s manageable . In i t ia l cost r isk is considered low in
probabi l i ty and impact g iven al lowances in the model and wi l l be addressed
through underwr i t ten per formance-or iented f ixed contracts . Long term cost
r isk ex is ts and has been al lowed for in model l ing ; impact is l ike ly reduced
f inancia l per formance.

Regulatory
r isk

Whi le enqui r ies wi th the Minis t ry of the Envi ronment indicate the Township
should have author i ty to implement a system and the process to comply wi th
envi ronmental regulat ions is considered feas ib le, th is requi res conf i rming .
As i t should be feas ib le to mi t igate th is r isk at low cost , but the r isk is a
pass/ fa i l imped iment , we recommend resolut ion o f the abi l i ty to proceed
f i rs t . Compl iance is then a str ingent but normal and manageable process.

Envi ronmental and other regulat ions could change, which is a concern for
any pr ivate sector company or inves tor contemplat ing a project of th is type.
This af fec ts emiss ions, aspects such as mandated recyc l ing processes, and
more.

Typical ly ex is t ing permi t ted systems are ei ther grandfathered or addi t ional
equipment added to prov ide compl iance. RotoGasi f ier a i r emiss ions are
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I tem Comment

s imi lar to that o f h igh ef f ic iency natura l gas boi le rs , and part icu lates are
handled through the Bes t Avai lab le Contro l Technology (BACT) , so these
r isks can be pre-managed pr ior to commi tment and managed cont inua l ly .
The r isk is considered to have low long term impact and to be manageable.

Communi ty permi t t ing is known to the Township and in i ts contro l . Plann ing
and zoning r isk requi re communi ty par t ic ipat ion but pr io r ef for ts (West Shore
Innovat ion Days etc . ) a l l ind icate support . Th is r isk is considered
manageable. Over t ime communi ty support could change, in which case the
plant could be dismant led and moved, but th is r i sk is considered low and
manageable wi th reasonable cost to mi t iga te i f i t occurs.

Regulatory r isk may exis t wi th BCUC approval fo r RNG, but would also occur
i f the plant moved into e lectr ica l generat ion. As th is is a normal and
understood process and associated r isk , i t ex is ts but is considered low.

Whi le the probabi l i ty o f regulatory r isk is considered low/moderate, i t is
manageable through grandfather ing so the overa l l impact is considered low.

In summary, r isks ex is t and in pro jects o f th is type are to be expected . The largest r isk –
technology perfo rmance matching the business case – can be of fset us ing sui table
procurement management. Most other r isks can be mit iga ted before making f inal commi tment
to proceed. We do not consider any r isks ident i f i ed to date to be insuperable.

5.6.2 PROCUREMENT THROUGH DELEGATED MANAGEMENT

One opt ion for Esquimal t is that was te management is delegated to CRD. The advantage to
th is is tha t i t would reduce complex i ty fo r Esquimal t , a lbei t wi th the associated r isks and
costs . Esquimal t would be rel ian t on CRD's planning and management and thei r so lut ion ,
which Esquimal t taxpayers would pay for , but have less contro l of . Staf f thus asked us to
comment on th is aspect .

The f i rs t cons iderat ion is how CRD plan to proceed wi th managing waste. In 2018 CRD
issued an express ion of in terest for respondents to prov ide proposals to handle organics and
res iduals , but to date th is cal l has not proceeded. As i t was an express ion of in terest the
responses were not f i rm proposals , so the cost is unknown and t imescale uncerta in . We have
been advised that CRD are now consider ing us ing anaerobic diges t ion, which would cope wi th
Esquimal t 's  o rganics bu t  not  other  wastes.   As  noted ear l ier ,  d igest ion would leave ≈63.5% of  
Esquimal t 's sol id waste stream unaddressed whereas gasi f icat ion should cope wi th al l so l id
wastes. To fu l ly compare the cost to Esquimal t taxpayers of us ing CRD's digest ion approach
with gas i f icat ion ,  we would need to add CRD's cost  of  address ing  the remain ing ≈63.5% of  
Esquimal t 's waste st ream (per Figure 7), which ra ises the quest ion of the planned other
solut ions to waste management.

CRD commenced publ ic engagement to prepare a new sol id waste management plan in 2019,
which can typical ly take several years to complete and approve, so i t does not cur rent ly have
a plan or budget fo r the remain ing 63.5% of sol id wastes. This prevents us est imat ing the
cost , t imescale or env i ronmental benef i t o f CRD's di rect ion wi th an IRM plan for Esquimal t ,
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however digest ion requi res l i fe t ime taxpayer f inanc ia l suppor t , which gas i f icat ion avoids, so
on th is i tem alone, CRD's di rect ion is expected to be more expensive .

This report conc ludes that apprec iable GHG reduct ions are poss ib le f rom gasi f icat ion and an
IRM approach – signi f icant ly exceeding the Township 's corporate emiss ions and making an
apprec iable contr ibut ion to overal l communi ty GHG reduc t ion. For the aspects of CRD's
di rect ion conf i rmed to date, we could not f ind an assessment of the GHG potent ia l of
anaerobic digest ion ( f rom when the CRD Liquid Waste Management pro ject 's bus iness case
was approved) . Whi le we cannot calculate th is impact , the reduced energy capture of
d igest ion compared to gasi f icat ion means there is reduced abi l i ty to of fset foss i l fue ls , and
Hart land 's locat ion makes i t d i f f icu l t to deploy these benef i ts , so we expect at leas t on th is
aspect , that the envi ronmental benef i ts o f the known di rect ion wi l l be less than an IRM
approach wi th a gasi f ier in Esquimal t . Should CRD maximize GHG reduc t ion, th is wou ld be
shared wi th o ther communi t ies and the proport ion shared wi th Esquimal t is not known.

I t wi l l be operat ional ly s impler fo r Esquimal t to ass ign responsib i l i ty to CRD and i t would
reduce di rect r isk , but not avoid i t . This r isk would be handled by CRD and proport ionate ly
charged to Esquimal t taxpayers. Since th is study concludes tha t implement ing an IRM
solut ion in Esquimal t could y ie ld a f inanc ia l and envi ronmental d iv idend, devolv ing
responsib i l i ty to CRD would probably reduce these potent ia l d iv idends and benef i ts accru ing
sole ly to Esquimal t taxpayers – assuming CRD adopted them, which as noted above wi th CRD
decl in ing to pursue IRM (or the prov inc ia l d i rect ion, IRR), cur rent ly appears unl ike ly .

CRD's current known di rect ion thus suggests i t may be more expensive and less
envi ronmental ly pos i t ive to delegate waste management to CRD than to have an IRM plan t in
Esquimal t . CRD could nevertheless rever t to an IRM approach, in which case th is aspec t can
be rev iewed once CRD's plans and costs are f i rmer.

The main issue the Township wi l l wish to consider is whether in overa l l terms, the poten t ia l
f inanc ia l and envi ronmental benef i ts of an IRM approach are outweighed by the cost , r isk and
responsib i l i ty of set t ing up an IRM plant , and whether IRM is wi th in Esqu imal t 's capaci ty and
capabi l i ty . Whi le CRD is one way of address ing these issues, another is whether the costs
and r isks could be addressed by outsource contract ing to companies wi th the technical and
f inanc ia l capaci ty to handle them. In i t ia l enqui r ies (and the f inanc ia l analys is) conf i rmed the
potent ia l for outsourc ing wi th qual i f ied companies, d iscussed below.

5.6.3 ALTERNATE PROCUREMENT

In 1998 the NDP government at that t ime commit ted to us ing Publ ic-Pr iva te Partnerships
(P3 's) wi th the object ive of reducing capi ta l debt , r isk and costs , shi f t ing procurement to a
governance posi t ion where the di rect ion, qual i ty and per formance cr i te r ia under which a
serv ice is del ivered, whether by contract (wi th government ownership – the tradi t ional
mechanism) or some form of outsourc ing. There are many var ian ts to how such contracts can
be structured and serv ices del ivered .

Two speci f ic factors cause problems wi th standard procurement for IRM: (a) a lack of
expert ise in the consul t ing sector knowledgeable , exper ienced, qual i f ied and competent wi th
gasi f icat ion; and, (b) very few technologies qual i f ied and able to meet Esquimal t 's needs, wi th
typ ica l ly few or no pr ior ev idence of the exac t wastes Esquimal t needs to process. This
means qual i ty adv isory support for Advanced Gasi f icat ion and IRM is low, making proposal
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cal ls d i f f icu l t to draf t , rev iew, rate and rank; and the technologies wanted are di f f icu l t to
at t ract . Pr ivate sector prov iders are in consequence hesi tant to bid – they lose conf idence in
the process – and rare ly take r isks they cannot contro l (e.g. emiss ions, regulatory etc . ) .
These combine to make tradi t ional procurement and contract ing inef fect i ve.

I t is not the pr imary func t ion of th is report to prov ide recommendat ions on procurement but i t
would be remiss to omi t i t , because i t can complete ly change the cos ts for taxpayers. For
example one approach could el iminate the ent i re cost and substant ia l ly reduce or el iminate
r isk . Procurement is thus a cr i t ica l aspect to consider.

Should Counci l dec ide to consider IRM further , we strongly recommend hold ing a procurement
workshop because tradi t ional procurement of IRM has repeatedly proven not to work and
using i t yet again wi l l i n our v iew be guaranteed to fa i l . This does not mean that IRM cannot
be implemented however , as there are inte rnat ional ly adopted approaches 40 using benchmarks
to protect taxpayer value, which are bet te r sui ted and wi l l in our v iew be necessary.

5.7 Implementation

In the event the Township considers proceeding fur ther , i t he lps to have some basic
understanding of what the next s teps might be, because th is i l lus t rates how risk is managed.
Foremost , we recommend tak ing a measured approach to mi t igate r isks as th is wi l l safeguard
both pro ject and taxpayer value. Aspec ts inc lude, in no specia l o rder:

 Conf i rm IRM can meet MoE requi rements and tha t CRD wi l l amend the So l id Waste
Management Plan accordingly . Conf i rm regulato ry and development process;

 Under take Detai led Development and Implementat ion Feasib i l i ty Assessment and develop
an Implementat ion Plan;

 Under take laboratory and physical tests for phys ical , chemical and energy sui tabi l i ty ;
model poten t ia l a i r emiss ions for the prefe rred opt ion;

 Hold a workshop to more fu l ly understand some of the key impl icat ions and opt ions such
as procurement , r isk management, contrac t ing e tc ;

 Conf i rm design and layout , costs and schedule; rev ise potent ia l expansion and associa ted
implementat ion plan, phasing and pr ic ing;

 Under take energy demand assessment for Esquimal t 's core, map agains t p lant ou tputs ;
prepare deta i led DES plan inc luding contrac t assessment ; obta in pre-contractual
commitments;

 Secure agreements wi th pr ivate haulers to conf i rm avai lab i l i ty o f waste suppl ies fo r an
IRM fac i l i ty th rough Let ters of Intent wi th condi t ional cont racts ;

40 S e e W i k i p e d i a a r t i c l e a n d i n t e r n a t i o n a l l e g a l e xp e r t su m m a r y .
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 Prepare scope and cost for pro ject management of IRM Plan implementat ion inc luding bid
process and select ion of Pr ime Contracto r , cons t ruct ion, test ing , commiss ioning and
cert i f icate of perfo rmance and formal hand-over.

 Secure a sui table per formance guarantee wi th gasi f ier manufacturer , and subsequent ly
conf i rm a fu l l engineer ing wrap from a qual i f ied company/consor t ium wi th f ixed cost
contract and energy guarantee;

 Update capi ta l and operat ing cost pro ject ions; update business case; and,

 Consider establ ish ing an advisory commit tee wi th exper ienced appoin tees from disc ip l ines
able to prov ide advice and an element of overs ight .

These steps and more should be s tructu red fo l lowing consul tat ion wi th staf f . F igure 39
i l lus t rates phasing for an in i t ia l p lant .
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F i g u r e 3 9 : I m p l e m e n t a t i o n O u t l i n e

MoE and communi ty conf i rmat ion , procurement approach and funding ava i lab i l i ty , tes t ing and
business case ref inement are in i t ia l ly the most important . Tes t ing is requi red to conf i rm a
guarantee. Should any step ra ise concerns , the pro ject would be suspended to al low for
correct ion or the project cancel la t ion , up to decis ion point 2. Up to tha t point costs wi l l r ise
but wi l l be comparat ive ly low. We have not inc luded phasing in Figure 39 (beyond a f i rs t
phase) as th is wi l l depend on Counci l dec is ions. Most scenar ios have the potent ia l fo r a
v iable in i t ia l p lant to be in i t ia l ly smal ler but expand as demand and waste volumes r ise.
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6 Findings

6.1 Introduction

This sect ion rev iews
model l ing and
f indings f rom six
scenar ios developed
wi th vary ing waste
volumes and
communi ty growth
potent ia ls . The
model combines
f inanc ia l and non-
f inanc ia l aspec ts , as
descr ibed prev ious ly .
Each scenar io is a
resul t of i terat ive
assessment to
at tempt to opt imize
each scenar io , to reduce costs , improve revenues and maximize resources and envi ronmenta l
resul ts . This means add i t ional research was undertaken to c lar i fy wastes and obta in
improved costs , but as the scope of the s tudy is l imi ted, fu r ther re f inement of the prefer red
scenar io is recommended, assuming the decis ion is taken to proceed fur ther . The i tera t ive
opt imizat ion process is i l lus t rated in Figure 2, IRM Process Overv iew on page 6.

Repor t ing is
summarized by major
heading, s ince
deta i led model l ing
compr ises fu l l l i fe
cyc le pro ject ions for
30 years plus
res iduals / revers ion ,
adjusted for t iered
equi ty and debt
f inanc ing.
Envi ronmental mode ls
inc lude fu l l l i fe cyc le
pro ject ion for GHG
emiss ions (up to 150
years) , s ince
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emiss ions have long l i fe cyc le. The envi ronmental model was developed for Pivota l by
Michael Wol ine tz of Navius Research Inc. , us ing internat ional s tandards (government of
Canada, EPA etc. ) and inc ludes l i fe cyc le pro jec t ion by GHG emiss ion gas and type so GHG
reduct ion can be opt imized. Should the project p roceed, Navius should be contrac ted to
undertake a more deta i led assessment o f the GHG and sequestrat ion va lues.

Figure 30 summarized
s ix main scenar ios for
assessment , however
s igni f icant feedstock
f luctuat ions mean that
p lant scale, uni t s izes
and the abi l i ty to
adjust systems to
meet changing
volumes wi l l be
essent ia l . Wi th in the
s ix scenar ios, we thus
looked at the
impl icat ions of
feedstock f luc tuat ion,
assess ing both the
median and range of poss ib le f lows, based on evidence of month ly da ta f rom 2011-2019.
This was then appl ied indiv idual ly to the Townsh ip 's col lec t ions of MSW, yard and garden
waste and food scraps , and inte rpolated to apply to pr iva te haulage volumes. Whi le Figure
40, Figure 41 and Figure 42 look at combined wastes under low, moderate and high growth
scenar ios respect ive ly , we assessed the impl ica t ions for Township-only wastes and concluded
that Figure 41 prov ides an unders tanding for p lant and equipment s iz ing and planning.

6.2 IRM Results

Value is internat ional ly def ined as a f inanc ia l sum that something can be sold, between a
wi l l ing buyer and sel ler , act ing at arm 's length and wi thout undue in f luence. This re l ies on
something having a 'market ' va lue, bu t government inf rast ructure o f ten has l i t t le in the way of
market equivalent or value, so the more appl icab le main met r ics re la te to the "worth" of a
pro ject . This al lows for a broader assessment of env i ronmental and resource benef i ts than
purely thei r 'va lue in exchange' , as in th is case. An example of wor th is that the communi ty
might th ink i t is 'worth ' undertak ing something for the envi ronmental and other benef i ts i t
c reates, even i f the cost exceeded revenues. In other words i t is 'worth ' implement ing even
though i t couldn ' t be sold s ince i t had negat ive 'va lue ' on the open market . Worth can thus
inc lude the more intangib le aspects o f a pro ject .

IRM models use f inanc ia l metr ics but a lso inc lude non-f inanc ia l metr ics such as resource
recovery and measurable envi ronmental resul ts . This moves towards a "Tr ip le Bot tom Line"
assessment of wor th. In th is report the socia l d imension is not assessed, s ince th is wi l l be
determined by Counci l and the communi ty , who wi l l have thei r own opin ions of the pro ject 's
overa l l "worth ." The metr ics in th is assessment thus prov ide a range of indicators , so the
communi ty can reach i ts own conclus ions of the project 's "worth ."

Estimated range & median after 33yrs, all wastes, 1.7%/yr growth,dry tonnes/day
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6.2.1 METRICS

The fo l lowing expla ins the main indica tors used in Figure 43 Scenar io Summary on page 65.
These met r ics are intended to be used in combinat ion, for example GHG reduct ion or landf i l l
d ivers ion indicators can be used wi th f inanc ia l ind icators , so the GHG resul ts can be
compared wi th the costs / revenues i t took to produce them. Inf la t ion is appl ied throughout the
cash f low pro jec t ion a t  BC's  long term in f la t ion  rate of  ≈2%. 

One aspect we recommend strong ly against is re ly ing on discounted cash f low (DCF) met r ics
such as NPV and IRR. Whi le usefu l in a market context , they fundamental ly d is tor t long term
government pro jec t per formance. Whi le re levant should Esquimal t dec ide to partner wi th a
pr ivate sector prov ider , they can be mis leading and resul t in poor dec is ions i f incor rect ly
in terpreted. We wi l l be pleased to expla in th is fur ther i f des i rable.

A) Main indicators

The main pro ject components fo r bas ic compar ison of d i f ferent op t ions & scenar ios

01 Tota l capex The tota l est imated cost of the plant in 2020 dol lars , undiscounted.

02 Annual O&M The annua l operat ing and maintenance costs in 2020 dol la rs as at
the plant 's opening.

03 Waste volume The tota l waste volume capaci ty of the plant , in or ig inal "wet"
tonnes, as received. Plant operat ions (receiv ing, hold ing , meter ing,
gas i f ier , dryer etc . ) are adjusted to handle volumes and moistu re
content , by scenar io.

04 Est . uni t
s ize/capaci ty

Volume processed by the gasi f ier in dry tonnes per day. This refe rs
to gasi f ie r capaci ty , which is adapted for each scenar io to at tempt
to opt imize overal l net f inanc ia l y ie lds.

B1) Public Financial

Provides f inanc ia l ind ica tors fo r publ ic del ivery assuming 100 % debt .

05, 06 IRR, NPV Internal Rate of Return and Net Present Value are discounted cash
f low indicators used by the pr ivate sector to es t imate the value of a
pro ject and are marke t indicators wi th l imi tat ions for publ ic pro jects .

The IRR is the percentage return over the project 's l i fe cyc le f rom
invest ing the project cos t today, in tended to be comparable wi th
other investments where the project cost are invested in i t ia l ly . Few
government inf ras t ructu re pro jects are under taken in the way an
IRR calculates .

A common pr ivate sector threshold for an IRR in a 100% debt model
might be 15%, but lower i f there is a government covenant (say
≈11%).   A lower y ie ld may be per fect ly  acceptab le for  government  
undertak ing a publ ic pro ject , especia l ly i f there are few al terna t ives.
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Governments o f ten accept the IRR wi thout apprec iable chal lenge i f
i t exceeds the cost of borrowing.

The NPV is the "present value" of the project today, net of a l l fu tu re
costs and revenues, over the project 's l i fe cyc le, us ing a discount
rate based (here) on the "cost of money." The discount ra te
emphasizes ear ly costs and reduces longer te rm revenues, leading
to dis tor t ion. For example $100 f rom sale of heat ing, in 30 years,
becomes an NPV of $22.59. Since in pract ice costs of heat ing go
up not down, discount ing dis tor ts long term project revenues.

A posi t ive NPV means the cost is exceeded by revenues and a
higher value indicates lower l ike l ihood of taxpayer support . A
negat ive NPV may also be acceptable for a publ ic pro ject prov ided
debt is inc luded, which i t is in our models .

07 ROI The ROI is the rat io between the value of the project ( i .e . i ts
expected returns ) as a rat io of the in i t ia l capi ta l investment . The
higher the ROI the bet te r . Some analys ts use di f ferent ways of
calculat ing ROI but in th is instance the ROI uses the net returns
expected over the projec t 's l i fe ( revenues minus costs , inc luding the
costs of capi ta l ) . General ly , a posi t ive ROI is good but a negat ive
ROI may also be acceptable in a government context . The more the
ROI exceeds the cos t of capi ta l the bet ter i t is v iewed.

08 Li fe cyc le
prof i t / l oss

The tota l net prof i t or loss from the project over i ts l i fe cyc le,
undiscounted , in f la t ion-adjusted. Simi la r to ROI, but prov ides an
indicat ion o f the net prof i tab i l i ty of the pro ject over the project ion
per iod (here , 30 years) .

In a publ ic context a pos i t ive net l i fe cyc le value indicates a
div idend or pro f i t and the higher the bet te r , bu t a loss may also be
acceptable (but suggests taxpayer suppor t may be requi red) . Note
that th is can disguise per iodic negat ive cash f lows where subsidy is
requi red . #08 is not d iscounted and thus is not adjusted for t ime or
r isk , as compared wi th #06, wh ich is d iscounted for t ime and r isk.
Metr ic #08 is dis to r ted less by r isk and t ime adjustments, s ince the
cost of capi ta l is inc luded as a project cos t , so i t is c loser to the net
amount the taxpayer can expect over the l i fe o f the projec t .

09 EBITDA Earnings before interest , taxes and deprec iat ion . A s tandard
f inanc ia l ind ica tor but has l imi tat ions for long term susta inable
pro jects where debt etc . can be leveraged to improve viabi l i ty .
Largely an indicator used by the account ing pro fess ions, i t he lps to
understand the overal l revenue potent ia l , undis tor ted by other
factors .

10 Simple
payback

Approx imate number of years before the in i t ia l capi ta l investment is
repaid, net o f costs . Less used by the publ ic sector as i t re la tes
most ly to the poin t at wh ich breakeven is achieved, which is of
lesser concern in the publ ic sector .
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11 &
18

Taxpayer
div idend/subs
idy/yr , avg

The average div idend or subsidy requi red from taxpayers over the
f i rs t ten years of operat ions. Adjusted and net o f a l l costs and
revenues, but assuming current t ipp ing fees. Div ided by the number
of homes f rom Stats Canada 2016 tota ls , i .e . prov id ing an est imate
of the approx imate div idend or subsidy fo r each home.

B2) Pr ivate Financia l

Est imates the probable posi t ion of a pr ivate sec tor partner , f inanc ier and/or operator , for the
pro ject . Assumes 30 % equi ty 70 % debt , wi th re f inanc ing.

12, 13 IRR, NPV See B1)05, B1)06. Pr ivate sector hurd le ra tes wi l l vary depending
on whether guarantees are avai lab le for aspects such as feeds tock,
but wi l l typ ica l ly be a minimum 15% at 100% debt and seeking 25-
30% leveraged IRR on equi ty . NPV is typ ica l ly compared to equi ty
invested and usual ly requi red to at least exceed equi ty investment
for the project to be of in terest . The discount ra te is usual ly se t at
the cost o f capi ta l or h igher i f the pro ject is r isky .

14 ROI See B1)07. Pr ivate sector ROI is a less important metr ic for
pro jects o f th is type but typ ica l ly exceeding 15% ROI on 100% debt
is a minimum requi rement , wi th ROI >25% leveraged desi rable.

15 Life cycle
profit/loss

See B1)08. Pr ivate partners wi l l requi re an apprec iable re turn and
wi l l be interes ted to conf i rm a heal thy long term cash f low, s ince
#15 can tend disguise per iodic d ips in v iabi l i ty .

16 EBITDA See B1)09. Pr ivate investors requi re a heal thy EBITDA to susta in
pro jects in the event v iabi l i ty changes over the project 's l i fe cyc le .
Threshold target requi rements vary.

17 Simple payback See B1)17. This is a basic indicator usual ly used in the pr ivate
sector to est imate breakeven. Pr ivate sector in terest is best wi th
payback of  ≈3-5 years  o r  less.   Beyond ≈7-10 years pr iva te in te rest  
in pro jects can be l imi ted wi thout underwr i t ing or s imi lar support .

18 Equity invested Est imated tota l assuming 70/30 debt /equi ty on the in i t ia l capi ta l
investment . Depending on procurement s t ructu re and potent ia l for
publ ic guarantees, lenders may requi re a higher equi ty ra t io ,
reducing the potent ia l leverage. 70/30 spl i t is based on discuss ions
wi th funds and an assumpt ion of l imi ted recourse but that Esquimal t
wi l l prov ide a long term contract for waste and associated fees .

C) Resource recovery

Physical resources recovered f rom waste, or resul t ing f rom convers ion of waste, capab le of
benef ic ia l u t i l isat ion .

19 Face yie ld,
mwt

Hour ly gross thermal y ie ld in megawatts . Measured gross at the
point of generat ion, which wi l l be greater than ac tual ly del ivered.
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20, 21 Tota l mwt/yr
& l i fe cyc le

Tota l g ross thermal y ie ld in megawatt hours annual ly and over the
project 's l i fe cyc le. Measured gross at the point of generat ion,
which wi l l be grea ter than actual ly de l ivered .

22, 23 Tota l GJ/yr &
l i fe cyc le

Tota l g ross thermal y ie ld in gigajoules annual ly and over the
project 's l i fe cyc le. Measured gross at the point of generat ion,
which wi l l be grea ter than actual ly de l ivered .

24, 25 Tota l b iochar
tonnes/yr &
l i fe cyc le

Tota l p ro jected maximum tonnage of b iochar annual ly and over the
project 's l i fe cyc le, g ross FOB plan t . Note that th is is not the same
as the tonnes of CO 2 e in #32 and #33, s ince the sequestered
potent ia l  va lue is  ≈3 t imes the weight  of  the b iochar.  

26, 27 Water
potent ia l ,
l i t res/yr & l i fe
cyc le

Potent ia l maximum water recoverable annual ly and over the
project 's l i fe cyc le. Note that th is is in i t ia l ly expected to be f i l tered
and discharged, as i t is unv iable to reuse at current CRD water
rates.

D) Environmenta l

28, 29 tCO2e/yr &&
l i fe cyc le,
redn/ increase

Metr ic tonnes of carbon diox ide equivalent e i ther reduced ( in black)
or red (a net inc rease) f rom the proposed project compared to the
current management of waste (most ly landf i l l ing) . Th is is the
projected GHG reduct ion / increase ei ther annual ly (#28) or over the
project 's l i fe cyc le (#29) . Note that th is in i t ia l est imate compares
between cur rent waste process ing and planned IRM system, net o f
emiss ions from each operat ion and assuming aspects such as
unsold compost ing. The GHG reduct ion may increase once a
deta i led assessment is undertaken. Note also that the l i fe cyc le
reduct ion is many t imes the annua l tCO 2 e reduct ion because
emiss ions benef i ts have up to 150 years ' l i fe cyc le.

30, 31 Vehic le
equiv /yr & l i fe
cyc le,
less/more

The number of vehic les ' emiss ions that the GHG reduct ion or
increase is equal to , us ing standard government comparat ive
indicators , e i ther annual ly or over the projec t 's l i fe cyc le.

32, 33 Sequestered
carbon,
tCO2e/yr &
l i fe cyc le

The number of metr ic tonnes (GHG carbon diox ide equivalen t) that
b iochar is potent ia l ly able to sequester . Note that tCO 2 e is di f ferent
to the tota l tonnage of b iochar (#24 and #25 above) as biochar
sequesters  ≈2.9x the we ight  as tCO 2 e. Further explanat ion
inc luding on sequest rat ion is prov ided in Appendix 3: Biochar on
page 78 and in sec t ion 5 .4 star t ing on page 45.

34 Li fe cyc le
$/ tCO2e
prof i t /cos t

The tota l pro ject p rof i t o r cost , net , d iv ided by the tota l l i fe cyc le
tonnes carbon diox ide equivalent . This is usefu l for compar ing GHG
reduct ion opt ions as i t a l lows for net cost or prof i t compar ison as a
standalone GHG reduct ion strategy. Note that th is inc ludes any
carbon taxes or c redi ts , assuming these are paid / received. An
amount greater than zero ( i .e . a prof i t ) ind icates a net pos i t ive
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contr ibutor f inanc ia l ly , g iven the GHG increase or reduc t ion noted
by indicators 28 and 29.

35, 36 Tonnes/yr &
l i fe cyc le
landf i l l
d ivers ion

Tota l met r ic tonnes annual ly and over the project 's l i fe cyc le,
d iver ted by the proposed project . Usefu l for compar ison of d i f fe rent
potent ia l waste divers ion in i t ia t ives , in combinat ion wi th other
indicators (e.g. # 's 8 & 15), to determine whether d ivers ion is
achieved through increased taxpayer cost or conversely , prof i t .

6.2.2 MAIN FINDINGS

Township waste collections only Combined Township/Private Waste Collections

Scenario 1a 2a 3a 1b 2b 3b
Population growth % 0.3% 1.0% 1.7% 0.3% 1.0% 1.7%

A) Main indicators
01 Total capex $16.4m $17.3m $17.8m $21.3m $21.3m $25.3m
02 Annual O&M -$1.5m -$1.5m -$1.6m -$1.7m -$1.7m -$1.9m
03 Waste volume 3,740 t/yr 4,670 t/yr 5,830 t/yr 7,150 t/yr 8,930 t/yr 11,150 t/yr
04 Est. unit size/capacity 6 dtpd 8 dtpd 10 dtpd 13 dtpd 17 dtpd 21 dtpd

B1) Financial : Public delivery : Inflation-adjusted, 100% debt
05 IRR 5% 9% 13% 16% 22% 24%
06 NPV ≈$1m ≈$11m ≈$24m ≈$46m ≈$71m ≈$93m
07 ROI (life cycle) 510% 660% 890% 1,040% 1,370% 1,470%
08 Life cycle profit/loss $16m $47m $86m $152m $226m $297m
09 EBITDA $0.8m $1.4m $2.1m $3.4m $4.7m $6.2m
10 Simple payback ≈21yrs ≈14yrs ≈10yrs ≈8yrs ≈6yrs ≈6yrs
11 Taxpayer dividend/subsidy/yr, 1st 10 yr avg ≈-$60/home ≈$0/home ≈$90/home ≈$200/home ≈$360/home ≈$480/home

C) Resource recovery
19 Face yield, mwt ≈0.80 mw ≈0.90 mw ≈1.20 mw ≈1.60 mw ≈2.00 mw ≈2.50 mw
20 Total mwt/yr 6,700 mWht 8,300 mWht 10,400 mWht 14,100 mWht 17,600 mWht 22,000 mWht
21 Total mwt, life cycle 201,000 mWht 249,000 mWht 312,000 mWht 423,000 mWht 528,000 mWht 660,000 mWht
22 Total GJ/yr 23,960 GJ 29,930 GJ 37,340 GJ 50,740 GJ 63,390 GJ 79,070 GJ
23 Total GJ, life cycle 718,800 GJ 897,900 GJ 1,120,200 GJ 1,522,200 GJ 1,901,700 GJ 2,372,100 GJ
24 Total biochar tonnes/yr 460 t/yr 570 t/yr 710 t/yr 970 t/yr 1,210 t/yr 1,510 t/yr
25 Life cycle biochar, tonnes 13,800 t 17,100 t 21,300 t 29,100 t 36,300 t 45,300 t
26 Water potential, litres/yr 0.9 ml/yr 1.1 ml/yr 1.4 ml/yr 1.1 ml/yr 1.4 ml/yr 1.7 ml/yr
27 Life cycle water potential, litres 26.4 ml 32.9 ml 41.1 ml 32.8 ml 40.9 ml 51.1 ml

D) Environmental
28 tCO2e/yr redn/increase 1,600 tCO2e/yr 2,000 tCO2e/yr 2,500 tCO2e/yr 3,600 tCO2e/yr 4,500 tCO2e/yr 5,600 tCO2e/yr
29 Life cycle tCO2e redn/increase 81,001 tCO2e 101,185 tCO2e 126,245 tCO2e 178,632 tCO2e 223,139 tCO2e 278,358 tCO2e
30 Vehicle equiv/yr less/more 350 cars/yr 440 cars/yr 550 cars/yr 780 cars/yr 970 cars/yr 1,210 cars/yr
31 Life cycle vehicles less/more 10,600 cars 13,200 cars 16,500 cars 23,300 cars 29,100 cars 36,300 cars
32 Sequestered carbon, tCO2e/yr 1,343 tCO2e/yr 1,678 tCO2e/yr 2,093 tCO2e/yr 2,844 tCO2e/yr 3,553 tCO2e/yr 4,432 tCO2e/yr
33 Life cycle sequestered carbon, tCO2e 40,290 tCO2e 50,330 tCO2e 62,795 tCO2e 85,333 tCO2e 106,594 tCO2e 132,972 tCO2e
34 Life cycle $/tCO2e profit/cost $190/tCO2e $470/tCO2e $680/tCO2e $850/tCO2e $1,010/tCO2e $1,070/tCO2e
35 Tonnes/yr landfill diversion 3,740 t/yr 4,670 t/yr 5,830 t/yr 7,150 t/yr 8,930 t/yr 11,150 t/yr
36 Life cycle landfill diversion, tonnes 112,200 t 140,100 t 174,900 t 214,500 t 267,900 t 334,500 t

F i g u r e 4 3 : S ce n a r i o S u m m a r y – P u b l i c O p t i o n

Figure 43 shows the resul ts for each main scenar io tested using the metr ics in sect ion 6 .2.1
based on the plan t being publ ic ly f inanced and operated , wi th the recommended opt ion
highl ighted in l igh t green. In summary, we comment as fo l lows:

 The scenar ios are tabled in ascending order o f waste volume from lef t to r ight (shown in
l ines 03, the wet waste volume and 04, the average dry tonnage processed dai ly) . From a
taxpayer perspect ive , v iabi l i ty is a lso arranged in ascending order f rom lef t to r ight wi th
the least v iable on the lef t and most v iable on the r ight (no te l ines 05, 08 and especia l ly
l ine 11, which est imates the approx imate taxpayer div idend or cos t per door) .

 The three scenar ios wi th Township wastes (1a, 2a and 3a) are the most marginal and two
may wel l requi re some taxpayer support (1a and 2a), wi th 3a viable, i .e . i f communi ty
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and/or waste growth exceeds projec t ions – and the l ike ly maximum bui ldout – a plant
would be viable wi th the Township 's waste alone. I t would never theless be possib le to
proceed only process ing the Township 's col lected wastes , assuming care fu l management
to  avoid f iscal  impact ,  but  th is  would only  address ≈52% of  the communi ty 's  waste.    

 The exten t of poss ib le taxpayer support is not substant ia l in most scenar ios, in part
because we expect  growth to exceed the  min imum (≈0.3%) threshold.   There wi l l  a lso be 
external sav ings not accounted for in th is analys is (e.g. meet ing corporate emiss ions
targets wi thout fur ther cost , landf i l l d ivers ion benef i ts , under-valued benef i ts f rom
resource recovery pr ice stabi l i ty , sequestra t ion e tc . ) . The three Township-only waste
scenar ios are thus poss ib le wi th minimal potent ia l taxpayer exposure, bu t are more l ike ly
to resul t in taxpayer support at some stage, especia l ly in the ear ly years .

 Al l the scenar ios wi th combined publ ic and pr ivate wastes are expected to be prof i tab le,
wi th super ior resource recovery and GHG/CO 2 e reduct ions. Of these three scenar ios ,
Scenar io 1b uses the least growth exper ienced in 25 years and in our v iew could lead to
under-assess ing the capaci ty of waste going to an IRM plant . By contras t Scenar io 3b
assumes cont inued growth at one of the highest rates in recent years and probably over -
est imates fu ture waste growth . Note that the approach used al lows for phasing to sui t a
var iety of growth scenar ios, a l lowing for phased expansion as growth occurs.

 The populat ion and waste growth assumpt ions dr iv ing scenar io 2b are considered the
most real is t ic , not least because th is assumes populat ion growth roughly equal to the
Township 's curren t bui ldout pro ject ion es t imates, and is in l ine wi th the regional t rend. 2b
is v iable and is our recommended planning mode l should IRM proceed fur ther . Note
however that Scenar io 1b shows that even in a worst case scenar io wi th combined wastes,
an IRM plant should exceed breakeven. These project ions should be rev iewed fo l lowing
receipt o f bet ter deta i l i f the pro ject p roceeds.

 Al l scenar ios are expected to be able to el imina te the Township 's corporate GHG
emiss ions.   Scenar io  2b should y ie ld GHG reduct ions of  ≈4½ t imes the corpora te 
emiss ions prof i l e  and represents  GHG reduct ions equivalent  to  ≈12% of  the ent i re 
communi ty 's waste – roughly equal to tak ing 970 cars of f the road or over 29,000 cars
over the 30 year pro ject ion. This is a s igni f icant contr ibu tor to the Township 's dec larat ion
in 2019 of a Cl imate Emergency and target o f carbon neutra l i ty by 2050. We are not
aware of s imi la r progress by other Canadian communi t ies, except at apprec iable cos t or
other impact , whereas th is has the potent ia l to generate a div idend.

 Opt ion 2b is expected to genera te an addi t ional sequestrat ion potent ia l in the range of
≈3,600 tCO 2 e annual ly  o r  ≈107,000 tCO 2 e over the 30-year pro ject ion per iod. Whi le the
carbon credi t va lue is inc luded in the model (at $25/ tCO 2 e ) , seques trat ion is more
s igni f icant than accounted for by carbon cred i ts , as i t takes carbon out o f the atmosphere.
This is one of thee few mechanisms able to achieve th is .

 In a l l scenar ios 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 main costs are the
gasi f ier and related p lan t and equipment . Most of the key costs can be contro l led from an
ear ly stage through f ixed pr ice contracts , guarantees and bonding , inc luding guarantees
on system yie ld (on which the business case rel ies) . This wi l l l imi t cost impacts .
Simi lar ly , most of the main revenues can be managed through contrac ts s igned pr ior to
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proceeding , again stabi l i s ing the business case and managing r isk . Phasing is discussed
as part of the concluding comments in sect ion 7 on page 71.

 Landf i l l d ivers ion var ies but is pos i t ive under al l scenar ios, wi th in i t ia l laborato ry and
demonstrat ion tes ts running local wastes (Figure 27) conf i rm the systems can work wi th
the proposed wastes. Under the recommended scenar io (2b) d ivers ion is est imated at
≈8,930 tonnes  per  year or  a lmost  ≈270,000 tonnes over the p lan t 's  in i t ia l  pro jected l i fe  
cyc le. The rev iew of technologies here and prev ious ly by CRD concluded there are few
opt ions as v iable or as complete in handl ing was tes, which mir rors European and Asian
exper ience.

 Waste volume f luctua t ions and populat ion growth uncerta int ies a f fect v iabi l i ty . The
scenar ios were there fore most ly pr iced based on 5 tonne uni ts , to al low for f lex ib i l i ty to
increase capaci ty , as and when warran ted. This al lows for scal ing to happen in pace wi th
communi ty changes , min imiz ing in i t ia l cos ts , bu t i t increases smal ler p lan t costs because
5 tonne uni ts are more expensive than ta i lor ing uni ts to meet volume. Further rev iew is
expected to reduce costs fur ther , which would improve viabi l i ty and accuracy. In shor t
Figure 43 and
Figure 45 wi l l tend
to be somewhat
conservat ive and
should Counci l
dec ide to progress
fur ther , fu r ther
assessment and
pr ic ing should be
benef ic ia l .

 Al though Scenar io
3b is designed to
assess a high
populat ion growth
scenar io, i t a lso
assesses the
impacts of hav ing
a larger p lant . I t
suggests tha t
work ing wi th
neighbour ing
communi t ies to
accept thei r
wastes would
improve viabi l i ty ,
resource recovery
and envi ronmental
resul ts , as would
potent ia l d iv idend
and r isk buf fer .
The di f ference might imply al lowing up to two ex tra t rucks per day, but be more economic
and ef f ic ient . In the event that pr ivate sector engagement is pursued we expect th is wi l l
be proposed.

Estimated range & median after 3yrs, all wastes, 1.0%/yr growth,dry tonnes/day
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F i g u r e 4 4 : P h a s i n g e s t i m a t e s , S ce n a r i o 2 b
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 Figure 43 scenar ios show a plant could be viably phased to minimize cost and r isk . The
in i t ia l p lan t would l ike ly be based on Scenar io 2a (Township waste) , which would operate
at breakeven. As pr ivate haulers conf i rm thei r wastes an extra uni t would be added
(Scenar io 2b), which improves v iabi l i ty . This should be poss ib le to conc lude dur ing the
in i t ia l p lann ing per iod. Depending on how growth proceeds , extra 5 tonne uni ts can then
be added as the communi ty grows, so i f g rowth exceeds expecta t ions un i ts can be added
or i f needed, res ized and replaced. The potent ia l maximum gasi f ie r capaci ty on the s i te
exceeds the Publ ic Works s i te 's abi l i ty to receive and process was tes wi thout re -p lanning
the s i te, so the constra ints on waste handl ing and viabi l i ty a re more s i te-re lated, no t
technology- or v iabi l i ty - re lated. Note tha t should Counci l dec ide to proceed to a next
s tage of assessment , a more deta i led rev iew of wastes and phasing wi l l be needed.

Figure 44 shows Scenar io 2b in i t ia l vo lumes wi th three 5 tonne uni ts (upper graph). A four th
uni t can be added as requi red ( lower graph) . Pro ject ions indica te that i f growth cont inues at
the cur rent h igh rate, extra uni ts may be requi red wi th in 5 years, bu t tha t extra uni ts improve
viabi l i ty , env i ronmental and resource recovery. Extra uni ts can be added as needed in
response to demand, peak f lows or main tenance needs. Further assessment of th is should be
inc luded in p lanning , assuming the decis ion is taken to proceed to the next s teps.

6.2.3 OVERALL VIABILITY

We also ran the same scenar ios, adjust ing the f inanc ia ls for poss ib le pr i vate procurement ,
where the opera tor would also f inance the projec t . This represents the v iabi l i ty as i t might be
assessed from a pr iva te sector perspect ive, summarized in Figure 45, wi th the recommended
opt ion highl ighted in l igh t green.

Township waste collections only Combined Township/Private Waste Collections

Scenario 1a 2a 3a 1b 2b 3b
Growth % 0.3% 1.0% 1.7% 0.3% 1.0% 1.7%

B2) Financial : Private delivery : Inflation-adjusted, leveraged, 30% equity
12 IRR 6% 13% 28% 40% 48% 49%
13 NPV ≈$0.7m ≈$11.0m ≈$28.8m ≈$51.7m ≈$70.8m ≈$94.0m
14 ROI (life cycle) 450% 1,020% 1,860% 2,620% 3,550% 3,950%
15 Life cycle profit/loss $23m $55m $102m $173m $235m $311m
16 EBITDA $1.2m $1.8m $2.4m $3.7m $5.0m $6.4m
17 Simple payback ≈28yrs ≈11yrs ≈5yrs ≈4yrs ≈3yrs ≈3yrs
18 Equity invested ≈$5.1m ≈$5.4m ≈$5.5m ≈$6.6m ≈$6.6m ≈$7.9m

F i g u r e 4 5 : S ce n a r i o S u m m a r y – P r i va t e O p t i o n

 Resul ts f rom ind icators 12-18 show that i t should be poss ib le to a t t rac t pr ivate sector
part ic ipat ion i f des i red , but wi th caveats .

 Pursuing a plan t tha t only processes the Township 's wastes is l ike ly to be more di f f icu l t
as the f inanc ia l met r ics are general ly below the level a pr iva te partner might want , wi thout
guarantees of some form. We expect pr ivate investors wi l l typ ica l ly wish to see leveraged
returns in the order of 25% or bet te r , subjec t to how risk is managed, so 1a, 2a and 3a
are l ike ly to requi re guarantees or other st ructures to help manage r isk.

 Combined waste scenar ios ra ise both issues and opportuni t ies for the pr ivate sector :

 Al l metr ics for Scenar ios 1b, 2b and 3b are posi t i ve for pr ivate involvement . Again,
the Township is recommended to resolve issues i t can cont ro l to reduce r isk, maximize
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the system and the opportuni ty . Ful l pr ivat isa t ion whi le poss ib le, may reduce contro l
and f lex ib i l i ty , not just taxpayer div idend. Metr i cs 12-18 general ly show that Counci l
has opt ions, but we caut ion that s tandard procurement processes are problemat ic due
to l imi ted suppl iers wi th few qual i f ied and exper ienced advisors , as noted in sect ion
5.6 Risk & Procurement on page 50.

 Leveraged retu rns a re at t ract ive wi th equi ty  contr ibut ions of  ≈$5-8m and tota l  net  l i fe  
cyc le returns (undiscounted,  in f la t ion-adjusted) o f  ≈$247m and net  p resent  va lue o f  
≈$77m for  the recommended scenar io.   These are at t ract ive numbers,  however  the 
project s ize is smal ler than most sui table pr ivate partners would consider, thus
potent ia l ly l imi t ing the abi l i ty to a t t rac t a pr ivate partner unless a larger p lant tak ing
extra local wastes is considered acceptable.

 The pr iva te sector scenar ios show that i f h igher waste volumes are acceptable,
prof i tab i l i ty improves, wi th s imi lar env i ronmental and resource recovery benef i ts .
Should Counci l dec ide to engage the pr ivate sector in some form, there wi l l l ike ly be
interest in tak ing more waste than purely Esquimal t 's , to improve economies of scale.
Should Counci l choose to l imi t th is or o ther innovat ion, bo th interest and viabi l i ty wi l l
be more di f f icu l t to a t t ract .

In summary the higher waste volumes of combined Township and pr iva te waste scenar ios are
more l ike ly to at t ract a pr ivate partner , i f the Township considers th is des i rable to explore
fur ther . This is most ly because the improved viabi l i ty wi th larger volumes helps wi th plan t
s ize in address ing f ixed costs speci f ic to th is pro ject (DES costs , rock, complex s i te e tc . ) .

6.3 Initial Sensitivity Assessment

IRM models are general l y less sensi t ive to assumpt ions than other inf rast ructure pro jects ,
largely because of the more var ied range of poss ib le revenues and abi l i ty to cont ro l costs
through f ixed pr ice contracts , revenue- pre-contract ing and technology guarantees . Whi le
rev iewers may bel ieve that speci f ic
assumpt ions have major impact on resul ts , we
general ly f ind that the models are considerably
less sensi t ive than f i rs t perceived. We have
therefore run basic sens i t iv i ty analyses using
the recommended scenar io (Scenar io 2b) as a
basis , vary ing selected input assumpt ions by
20% in each case and measur ing the impact
on: (1 ) average net d iv idend per year over the
f i rs t ten years ; (b ) tota l net pro f i t over the l i fe
cyc le; and, (3) the Internal Rate of Return.
Compar isons used the publ ic sector f inance
recommended model , debt f inanced.

Figure 46 shows the sensi t iv i ty of the i tems l is ted to a 20% "worst case" change ( i .e . costs
increased; revenues reduced). In Figure 46 a 20% increase in capex resul ts in a 12% drop in
average prof i t per year over the f i rs t ten years wi th only a 3% drop on overal l net pro f i ts over
the project ion l i fe (30 years) and a 15% drop in the IRR. Note however that th is shows the

Sensitivity to 20% change

Avg. profit/yr Life cycle profit IRR

Capex -12% -3% -15%

O&M -9% -10% -3%

Debt rate -5% -1% 0%

Tipping fees -7% -5% -4%

Heating -6% -4% -3%

Cooling -7% -5% -4%

Biochar -32% -22% -14%

Carbon credits -1% -1% 0%

F i g u r e 4 6 : P r e l i m i n a r y S e n s i t i v i t y A n a l y s i s
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percentage drop , so whi le the capex changed by 20%, the or ig inal IRR fel l f rom 22.3% to
19.0%, which is equal to the 15% drop in IRR shown in Figure 46.

Whi le the "Average prof i t / .y r" co lumn shows the change in average prof i t over the f i rs t ten
years of opera t ion, the "L i fe cyc le prof i t " co lumn shows the change over the ent i re pro ject ion
(33 years ) . The IRR column is more helpfu l in understanding convent ional market
understanding of v iabi l i t y , which emphasizes ear ly prof i ts and is the reason we recommend
rely ing on DCF indices for assess ing long term infrast ructure pro jec ts of th is nature.

Biochar is the largest s ingle revenue generator in the models and most sensi t ive aspect , and
thus a key targe t fo r ear ly r isk reduc t ion. Figure 46 shows that a 20% drop in biochar value
resul ts in up to a 32% drop in the average prof i t over the f i rs t ten years, wi th smal le r bu t s t i l l
apprec iable impacts on the l i fe cyc le prof i t and IRR. I t equates to a drop from $3.2m/year
average prof i t down to $2.4m/year . I t is thus important to conf i rm biochar revenues and
mit igate th is r isk by pre-contract ing revenues as soon as poss ib le . I t is a lso the reason we
adopted low values for th is i tem compared to market ev idence noted in F igure 54 (we used
US$2,000/ tonne based on industry expert recommendat ions whereas re ta i l is up to
US$48,000/ tonne). Thus whi le th is is an impor tant r isk i tem to resolve ear ly on, the potent ia l
ex is ts for a plan t to be more v iable than assumed in al l models . El iminat ion of any revenues
whatsoever f rom biochar suggests a plant would be viable but marginal . No expert we
consul ted expec ts biochar to be unsalable.

Other i tems wi th sensi t iv i ty are the capi ta l , opera t ing and maintenance costs , which is to be
expected. St rategies to deal wi th capi ta l costs (and rela ted performance and yie ld
guarantees) have been expla ined. Operat ing costs wi l l need cont inual d i l igence to mainta in
at manageable levels but are not a major i tem on thei r own. Maintenance wi l l over t ime be
important to mainta in but again is manageab le prov id ing planned prevent i ve maintenance is
undertaken. A long term al lowance for th is has been made in the budget .

This is not in tended to be an exhaus t ive assessment of the main sensi t i v i t ies in the model ,
but is taken into account in the r isk sect ion (on page 50) . The model and related
recommended planning sequences are struc tured to t ry and mi t igate r isk , wi th implementat ion
intended to address or quant i fy and mi t iga te the main r isks before major f inanc ia l
commitment .
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7 Conclusions & Recommendations

We conclude that IRM can be implemented in Esquimal t , wi th appropr iate care and due
di l igence. The exis t ing Publ ic Works s i te appears to have suf f ic ient space to be able to
accommodate a plant of the scale needed to address the wastes current l y in Esquimal t , and
be able to cope wi th expansion of the plant to meet increased waste volumes, as the
communi ty grows and for the foreseeable future .

The Township co l lects  ≈52% of  the ident i f ied  waste s t reams and whi le  a  p lant  could  be 
implemented sole ly address ing th is volume of waste, doing so is only ant i c ipated to achieve
breakeven and is l ike ly to cont inue to be marginal . However discuss ions wi th haulers
indicate they are wi l l ing to contr ibute thei r Esquimal t was tes under cont ract , which would
ra ise both economies of scale and viabi l i ty . We recommend pursuing th is fur ther as i t helps
pay for f ixed costs such as s i te prepara t ion, DES etc. whi le improv ing envi ronmental resul ts .

Uncerta int ies about waste volume, content and f luctuat ion in f low, as wel l as popula t ion
growth, mean that a f lex ib le implementat ion approach to IRM is important but achievable by
phasing the plant . On th is bas is most scenar ios are expec ted to be viab le and could
potent ia l ly  y ie ld a substant ia l  d iv idend.  A phased p lant  would  l ike ly  s ta r t  a t  ≈$15m but  r is ing 
to ≈$21m as the waste volumes and communi ty  g rows.   This  cos t  could be reduced or  even 
el iminated, depending on: (a) procurement approach; and, (b ) grants . Any f inanc ia l short fa l ls
could be addressed by temporar i ly accept ing waste from adjacent communi t ies.

Under al l scenar ios the envi ronmental benef i ts are potent ia l ly s igni f icant . The Township 's
dec larat ion of a Cl imate Emergency and commitment to GHG reduct ion are reasons to
consider IRM because the recommended scenar io can y ie ld GHG reduct ions of  ≈12% of  the 
ent i re communi ty 's  GHG prof i le  and ≈4½ t imes the Township 's  corporate  GHG pro f i le ,  i .e .  
≈4,500 tCO 2 e annual ly ,  ≈223,000 tCO 2 e over the l i fe cyc le. I t is a lso expected to sequester
≈40 tonnes (CO 2 e) fo r  every 100 tonnes o f  waste received,  or  ≈107,000 tCO 2 e over the
project 's 30 year l i fe cyc le. This is a very s igni f i cant advance in carbon reduct ion.

Min is t ry of the Envi ronment guidel ines revolve around the 5Rs process. The steps al ready
taken by Esquimal t and reduced waste volumes al ready meet the guidel ines, and technology
rev iews over the past decade, and th is study, mean that Esquimal t is us ing best pract ices and
technology. This means Esquimal t should be able to proceed to the next s teps from a
regulato ry standpoint . MoE wi l l have cont inued involvement through permi t t ing, but
gas i f icat ion is a known i tem and permi t ted by them, so whi le there wi l l be a r igorous permi t
and moni to r ing process, we do not expect th is to be an overwhe lming impediment .

In conclus ion, a v iable in i t ia l p lan t is l ike ly to requi re a capi ta l commi tment in the order o f
≈$15m (±15% on capi ta l ) ,  but  be expanded to ≈$19m (±15%) once other  Esquimal t  wastes 
are conf i rmed. Adding extra uni ts to address la rger waste volumes can be under taken as and
when requi red and whi le the in i t ia l p lan t is expec ted to only y ie ld a smal l d iv idend, expansion
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thereaf ter is expected to be increas ingly v iable , wi th commensurate improvements in
envi ronmental benef i ts .

In c los ing i t is important to note tha t engagement was under taken to conf i rm key aspects such
as the potent ia l to contract wi th haule rs , manufacturer pr ic ing and procurement opt ions wi th
al ternate serv ice del ivery . Implementat ion is thus considered feas ib le and i f undertaken
appropr iate ly , is expected to be both f inanc ia l ly and envi ronmental ly benef ic ia l fo r the
Township and Esquimal t taxpayers.
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Appendix 1: Glossary

5R’s hie rarchy The 5 R’s hie rarchy is a pol lu t ion prevent ion pr inc ip le to guide the recovery
of was tes accord ing to Reduce, Reuse, Recyc le, Recover and Residuals
Management

AD Anaerobic digest ion (see below)

Anaerobic
digest ion

A system where microbes are used to convert feedstock into gas, usual l y
wi th a high methane content ("b iomethane") , usable instead of na tura l gas.
The digest ion by the mic robes happens in a sealed vessel where oxygen is
minimized

Al ternate
Serv ice
Del ivery

Di f fe rent way of del iver ing serv ices where a pr ivate company part ic ipates in
the serv ice del ivery . Can range from ful l ou tsourc ing through hybr id
contract ing and/or partner ing, inc luding funding var iat ions

ASD See Al ternate Serv ice Del ivery above

Biochar Biochar is charcoal l ike substance that is made by burning organic mater ia l
in a cont ro l led low or zero oxygen process and used as a soi l amendment
for both carbon seques trat ion and addi t ion of minera ls

Biogas Product (usual ly but not exc lus ive ly) f rom an anaerobic diges ter . Typical ly
conta ins contaminants (water , carbon diox ide etc . )

Biomethane Methane generated f rom biogas af ter i t has been 'c leaned' for use as
natura l gas

Biosol ids Sol id port ion of l iqu id waste

Carbon credi ts A carbon credi t is a t radable cert i f icate that a l lows the company that holds
i t to emi t a certa in amount of g reenhouse gases. One credi t is equal to
equivalent emiss ion of one tonne of carbon diox ide ( tCO 2 e)

Carbon
footpr in t

A carbon foo tpr in t is the amount o f greenhouse gases, usual ly measured as
an equivalen t in terms of tonnes of carbon diox ide, re leased into the
atmosphere by a part icu lar human act iv i ty

Carbon
neutra l /negat ive

Reducing carbon footpr in t e i ther to zero ( i .e . Carbon Neutra l ) o r where
carbon is sequestered (carbon negat ive)

Capex The capi ta l costs
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Circ le Dra f t Type of gas i f ier modi f ied from normal up/downdraf t systems where the
syngas is rec i rcu lated to reduce tars and raise y ie lds

DCF See sect ion 6.2 .1 sta r t ing on page 61

DES Dist r ic t energy system usual ly d is t r ibu t ing heat in hot water p ipes

DTPD Dry tonnes per day

EBITDA See sect ion 6.2 .1 sta r t ing on page 61

ESP Electrostat ic prec ip i ta tor – used to remove par t icu late mat ter f rom ai r
emiss ions

Feedstock Feedstock is the processed waste stream mater ia l mixed for inpu t in to the
dryer and gasi f ie r systems. I t may consis t o f munic ipal waste, food scraps,
and yard and garden waste but can also inc lude selected const ruct ion and
demol i t ion waste

Flu id ized bed A gasi f ica t ion system where a bubbl ing bed of sand or o ther s imi lar
mater ia l is heated to a h igh temperature and turns the feedstock into
syngas

Gasi f icat ion Is a thermochemical and mechanical p rocess where the feedstock is heated
in a chamber wi th zero or min imal oxygen to produce a synthes is gas
("syngas")

GHG Greenhouse Gas

GJ Gigajoules, a uni t o f energy of ten appl ied to natura l gas

Integra ted
Resource
Management

Is an approach to water , energy and waste management that s tops v iewing
them as wastes, and ins tead aims to maximise thei r use and value as
resources, in ways tha t reduce costs to taxpayers (or even crea te prof i t )
and reduce greenhouse gas emiss ions (GHGs) and pol lu t ion

IRM See In tegra ted Resource Management above

IRR See sect ion 6.2 .1 sta r t ing on page 61

MoE Minis t ry of Envi ronment and Cl imate Change St rategy

MSW Munic ipal sol id waste

MW Megawat t , a uni t o f energy usual ly appl ied to electr ic i ty

Net Zero Refers to bui ld ings that generate 100% of thei r energy needs, e i ther on- or
of f -s i te , f rom renewable energy sources. See World Green Bui ld ing Counci l
explanat ion. IRM generates renewable energy

NPV See sect ion 6.2 .1 sta r t ing on page 61

https://www.worldgbc.org/advancing-net-zero/what-net-zero


Esq u im a l t I RM - Tec h n i ca l R ep or t
29 Ju ne 2 02 0  Pa ge 7 5

OCP Off ic ia l Communi ty Plan

Opex The operat ing costs , usual ly inc luding maintenance costs

Outsourc ing Arrangement wi th a pr ivate sector company where the pr ivate ent i ty
del ivers some component a government need or serv ice, e i ther in whole or
part . May or may not inc lude f inance, usual ly inc ludes performance cr i te r ia

P3 See Publ ic-Pr ivate Partnership below

Plasma &
plasma arc

A system of gas i f ica t ion where the feedstock mater ia l is heated to a h igh
temperature so that i t c reates a gaseous plasma. Typical ly h igh y ie ld ing
but requi r ing high energy inputs to generate and susta in plasma generat ion

Publ ic- Pr iva te
Partnership

Contractual a rrangement between government and a pr iva te sector
company where serv ices are del ivered by the pr ivate par ty . Typical ly
inc ludes some form of pr ivate f inanc ing, e i ther in ter im or long term

Renewable
natura l gas

Methane generated f rom process ing a feeds tock that is la rgely
"atmospher ic" in nature, i .e . is not ext racted from mining or s imi lar
methods, and thus avoids being a " foss i l fue l "

RNG Renewable Natura l Gas see above

ROI See sect ion 6.2 .1 sta r t ing on page 61

SWMP Sol id Waste Management Plan

Syngas A mixture of hydrogen, carbon monoxide and carbon diox ide plus smal l
amounts of methane, butane, propane and pentane

Swiss
Chal lenge

Procurement approach where government works wi th an ident i f ied
proponent , then seeks bids based on the developed projec t to sa feguard
best value for the taxpayer

TPD Tonnes per day

Tipping fees Tipping fees are the charges appl ied by CRD for the disposal of waste
types at Har t land landf i l l

Updra f t A gasi f ica t ion system where ≈10% ai r  is  in t roduced f rom the bo t tom and 
syngas comes of the top

Downdraf t A gasi f ica t ion system where ≈10% ai r  is  in t roduced f rom the top and 
syngas comes of the bot tom
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Appendix 2: Advanced Gasification

Gasi f icat ion is a process that converts carbon-based mater ia ls into a mixture of carbon
monoxide, hydrogen and carbon d iox ide gases. Gasi f icat ion is achieved by react ing the
feedstock mater ia l at h igh temperature (above 500 degrees Cels ius ) wi th a contro l led low
amount of oxygen and/or s team. The molecu les separate f rom the carbon conta in ing mater ia l
and form a gas mix ture cal led synthes is (syngas) gas or producer gas which is i tse l f a fuel .
The energy or power der ived from gasi f icat ion and combust ion of the syngas is considered to
be a source of renewable energy i f the gasi f ied compounds were obta ined from biogenic
mater ia l l ike wood, food scraps, yard was te, b iosol ids etc .

Dur ing gasi f icat ion the carbon conta in ing mater ia l goes through two stages to ef f ic ient ly
extract  i ts  energy.   In  the f i rs t  s tep,  ca l led pyro lys is ,  the mater ia l  is  heated to a round 250 ˚C 
to produce volat i l e hydrocarbon gases and biochar. Then as the temperature inc reases the
hydrocarbons and biochar wi th the proper mixture of oxygen or high temperature steam,
produces syngas and crysta l l ine biochar.

The advantage of gas i f icat ion is that us ing syngas is potent ia l ly more ef f i c ient than di rect
combust ion of the or ig inal fuel because i t can be combusted at h igher temperature where the
upper l imi t of the thermodynamic ef f ic iency is h igher. Syngas can also be converted into
hydrogen, methane and other fuels and chemicals v ia var ious addi t ional processes.

We selected the Advanced RotoGasi f ier developed by TSI (Figure 47) as the technology the
Township wou ld use. The RotoGasi f ier is an improvement to up/down dra f t gas i f ie rs and used
in TSI 's ex is t ing torre fac t ion systems 41 systems where the pyro lys is process is contro l led to
maximize biochar product ion. The f i rs t was bui l t in 2010 in Everet t , Washington to
demonstrate operat ions and test feedstocks, wi th systems based on simi lar des ign in
successfu l operat ion in the fores t and agr icu l ture industry across the USA, in Canada and
internat ional ly .

F i g u r e 4 7 : P l a n t s i n G e o r g i a , C a l i f o r n i a & L o u i s i a n a

41 T o r r e f a c t i o n u se s o n l y t h e p y r o l y s i s s t a g e o f g a s i f i ca t i o n w h e r e t h e p r o ce s s i s co n t r o l l e d t o m a x i m i ze b i o ch a r
p r o d u c t i o n .
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Figure 47 inc ludes (midd le pic ture) a mobi le demonstrat ion uni t wi th a capaci ty of 240kg/day
(dry weight ) , wi th the la rgest current p lant in Waycross Georgia (1,860 tonnes/day, 680,000
tonnes/year – pic tured on the le f t ) . More typical systems wi l l have mul t ip le uni ts to support
maintenance to al low for peak volumes and 24/7/365 operat ions (e.g. the 44 tonne/day plan t
in Louis iana, r igh t) .

F i g u r e 4 8 : S ch e m a t i c O ve r l a y o f W h i t e C a s t l e P l a n t

F i g u r e 4 9 : G a s i f i e r S ch e m a t i c

The hor izonta l rotat ing design addresses vert ica l process ing issues by el iminat ing
channel l ing and br idging , which can requi re shutdown to c lear , thus improv ing operat ional
ef f ic iency. The RotoGas i f ier ’s hor izonta l rota t ing chamber improves f lex ib i l i ty in feedstock
types and wi th i ts double ai r lock feed system, resul ts in improved gas qual i ty , bet ter
performance and overal l improved ef f ic iency, wi th i ts reduced downt ime. The plan t can be
scaled to feedstock ava i lab i l i ty , implemented in stages to meet growing demand, is s imple to
operate and has a high level of au tomat ion .
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Appendix 3: Biochar

An in i t ia l in t roduct ion to biochar is prov ided on page 79, wi th
the fo l lowing prov id ing addi t ional deta i l .

Background & Uses

Biochar is created by heat ing organic mater ia ls to produce
something s imi la r to barbecue wood charcoal . I t has mul t ip le
uses and more are being ident i f ied, so both demand and
value are increas ing. Gasi f icat ion is able to produce a
qual i ty b iochar s ince i t heats the feedstock wi thout oxygen,
thus avoid ing combust ion and producing biochar 's crysta l l ine
carbon st ructure wi th other minera ls . 42 Whi le the qual i ty ,
s ize, nature and granula r i ty of b iochar depends on the
products i t is created from, the main uses inc lude:

A. Use as an energy storage mater ia l . Because carbonic
mater ia l is combust ib le , b iochar is a re la t ive ly h igh
densi ty means of s to r ing energy;

B. Use as a f i l t ra t ion medium. At i ts most pure , "ac t ivated
charcoal" o r "act ivated carbon" but a lso used for lower -
pur i ty f i l t ra t ion. Uses inc lude the medical , sc ien t i f ic ,
industr ia l and commerc ia l sectors for odour management,
par t icu late conta inment , but a lso water f i l t ra t ion and
appl icat ions that don' t requi re high pur i ty , e .g. l i qu id
waste e tc . ;

C. Use as a soi l amendment to rehabi l i ta te soi ls lack ing
structure or requi r ing improved water and nutr ient
retent ion, inc lud ing use as a natura l , organic fer t i l izer .
Biochar 's mois ture reten t ion capabi l i t ies supports
communi t ies wi th water scarc i ty or where nutr ients are being washed out of the soi ls ; 43

D. Use as a mechanism to sequester carbon. I t is one of the few viab le and proven ways to
be carbon negat ive, especia l ly for Munic ipal Sol id Waste, which is most ly atmospher ic
carbon. For every 100 tonnes of sor ted MSW or food scraps for example, b iochar can

42 C h a r o r ch a r r i n g r e f e r s t o t h e d a r ke n i n g o f a su r f a ce f r o m co m b u s t i o n . I t m a y b e a ch a r r i n g o f n o n - o r g a n i c m a t t e r
w h e r e a s b i o ch a r r e l a t e s sp e c i f i ca l l y t o o r g a n i c m a t t e r a s d e s c r i b e d a b o ve . S o m e co n s i d e r b i o ch a r a s d e s i g n a t i n g i t s
u se f o r o r g a n i c p u r p o se s .

43 A n O ve r v i e w o f t h e C u r r e n t B i o ch a r a n d A c t i va t e d C a r b o n M a r ke t s ( H u g h M cL a u g h l i n , P h D , P E — L e e E n t e r p r i se
C o n su l t i n g , I n c . B i o F u e l s D i g e s t O c t o b e r 1 1 , 2 0 1 6 ) .
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sequester  up to  ≈35 tonnes CO 2 e, which is a substant ia l potent ia l cont r ibutor to GHG
reduct ion commitments given th is can be achieved inc identa l ly to process ing munic ipal
b iosol ids or sol id wastes .

Whi le biochar 's use can be traced back
over 2,500 years , i ts wider ut i l i ty has
only recent ly been understood as a way
to reduce Green House Gases. 44 Unl ike
many other approaches to GHG
reduct ion through sequestrat ion – which
incur costs – biochar is a saleable,
organic commodi ty , which reduces
sequestrat ion costs . I t i s a lso less
energy- in tens ive to produce and
qual i f ies as a "green energy" source ,
wi th lower GHGs.

Advanced Gasi f icat ion b iochar wi l l vary
depending on the source mater ia l , so the
feedstock has to be assessed and tested
to determine the most sui table market
and process. Based on tests , sales can
then be pre-contrac ted to reduce r isk in
the business case.

Market

The biochar marke t is expanding as new
uses are ident i f ied and whi le supply is
a lso increas ing , demand is current ly
outs t r ipp ing supply , resu l t ing in r is ing
pr ices. The fo l lowing comments on the
nature of the marke t as at la te 2019.

The pr ice of b iochar var ies depending on
i ts character is t ics and by market . There
have been several qual i f ied assessments
of b iochar marke ts , most ly focussed on
act ivated carbon ( i .e . the f i l t ra t ion
market) because th is is bet ter developed
wi th known reta i lers .

The "Global Act ivated Charcoal Market" repor t 45 assessed revenues and volumes from 2013
wi th pro ject ions through 2025. I t conc ludes the act ivated carbon market was est imated at

44 S e e t h e I n t e r n a t i o n a l B i o ch a r I n i t i a t i ve ( I B I ) a n d t h e U n i t e d S t a t e s B i o ch a r I n i t i a t i ve ( U S B I ) .

45 G l o b a l A c t i va t e d C h a r co a l M a r k e t ( A n d r o i t M a r ke t R e se a r ch , 2 0 1 9 ) .

F i g u r e 5 0 : B i o ch a r U se s

Pr imary uses for cha r & b iochar

1 . A n i m a l  f a r m i n g  –   ≈ 9 0 %  o f  t h e  m a r k e t  i n  E u r o p e  
 L i t t e r , s i l a g e a n d s l u r r y a g e n t / t r e a t m e n t
 F e e d a d d i t i v e / s u p p l e m e n t
 M a n u r e c o m p o s t i n g a g e n t
 W a t e r t r e a t m e n t i n f i s h f a r m i n g

2 . S o i l c o n d i t i o n e r
 F e r t i l i z e r , c o m p o s t a d d i t i v e o r s u b s t i t u t e
 P l a n t p r o t e c t i o n
 T r a c e e l e m e n t s u b s t i t u t e / r e h a b i l i t a t i o n

3 . B u i l d i n g s e c t o r
 I n s u l a t i o n m a t e r i a l & h u m i d i t y c o n t r o l
 A i r a n d s u b - s o i l d e c o n t a m i n a t i o n
 E l e c t r o m a g n e t i c r a d i a t i o n b a r r i e r

4 . D e c o n t a m i n a t i o n
 S o i l r e m e d i a t i o n ( m i n e - w o r k s , m i l i t a r y b a s e s , l a n d f i l l

e t c . )
 S o i l a n d w a s t e w a t e r f i l t r a t i o n
 P e s t i c i d e b a r r i e r
 P o n d a n d l a k e w a t e r a e r a t i o n & f i l t r a t i o n

5 . A n a e r o b i c d i g e s t i o n & b i o g a s p r o d u c t i o n
 B i o m a s s a d d i t i v e i n a n a e r o b i c d i g e s t e r s
 B i o s o l i d s a n d d i g e s t a t e t r e a t m e n t / f i l t r a t i o n

6 . W a t e r & w a s t e w a t e r
 A c t i v e c a r b o n f i l t e r f o r w a s t e w a t e r t r e a t m e n t
 P r e - r i n s i n g a d d i t i v e f o r w a s t e w a t e r t r e a t m e n t
 S o i l s u b s t r a t e f o r o r g a n i c p l a n t b e d w a s t e w a t e r

t r e a t m e n t
 C o m p o s t i n g t o i l e t w a s t e w a t e r t r e a t m e n t
 M i c r o - a n d m a c r o - f i l t e r s f o r p o t a b l e w a t e r

7 . G e n e r a l c o m m e r c i a l & i n d u s t r i a l
 E x h a u s t f i l t e r s f o r e m i s s i o n s a n d i n t a k e
 I n d u s t r i a l m a t e r i a l – c a r b o n f i b r e s , p l a s t i c s e t c .
 E l e c t r o n i c s – s e m i c o n d u c t o r s , b a t t e r i e s e t c .
 M e t a l l u r g y a n d m e t a l r e d u c t i o n *
 C o s m e t i c s – s o a p , s k i n - c r e a m , b a t h a d d i t i v e s e t c .
 P a i n t s a n d c o l o r i n g , e . g . c o l o r a n t s , i n d u s t r i a l p a i n t s
 E n e r g y s t o r a g e / p r o d u c t i o n * – p e l l e t s , l i g n i t e s u b s t i t u t e

8 . M e d i c a l - D e t o x i f i c a t i o n , p h a r m a c e u t i c a l c a r r i e r , t o p i c a l e t c .
9 . F a b r i c a d d i t i v e – u n d e r w e a r , i n s u l a t i o n , d e o d o r a n t e t c .
1 0 . W e l l n e s s

 M a t t r e s s / p i l l o w f i l l i n g t o a d d r e s s o d o u r , t o x i n s e t c .
 E l e c t r o m a g n e t i c r a d i a t i o n s h i e l d – m i c r o w a v e o v e n s e t c .
 F o o d C o n s e r v a t i o n

A l l u s e s a r e c o n s i d e r e d t o s e q u e s t e r c a r b o n e x c e p t a s n o t e d b y *
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US$4.72 bi l l i on in 2018 and is l ike ly to
exceed US$6.60 bi l l ion by 2025 wi th a
broad array o f sector demand for
act ivated carbon, shown in Figure 51. 46

A 2013 survey conducted by the
Interna t ional Biochar In i t ia t ive (" IBI" )
ind icated pr ices between US$73/ tonne
and US$12,267/ tonne, but d id not
d is t inguish biochar qual i ty or whether
the product is wholesale or re ta i l . A
2014 IBI s tudy found the mean pr ice to
be US$2,286/ tonne 47 and by 2016, as
demand and supply expanded in lower
value ranges, tha t the mean pr ice
dipped to US$1,820/ tonne. 48

Roski l l Marke t Repor ts 49 noted tha t
in ternat ional ly , the average value of
shipments f rom the USA increased from
US$2,700/ tonne in 2012 to
US$3,822/ tonne in 2016. They expect
in ternat ional demand wi l l ra ise US
pr ices for specia l i ty b iochar grades,
pressured by th is internat ional demand.

A 2018 US Forest Serv ice analys is , 50 repor ted pr ices paid fo r b iochar upward from
US$660/ tonne wi th an average pr ice was US$1,134/ tonne, but wi th US$1,758/ tonne the most
of ten c i ted pr ice . This most ly considered soi l amendment biochar however, which typica l ly
achieves lower values than f i l t ra t ion b iochar. The report expec ts demand to cont inue to r ise,
outs t r ipp ing supply , so pr ices are expected to r ise despi te expanding supply .

In summary, recent s tudies have shown an increas ing demand and pr ice for qual i f i ed biochar
wi th the most recent s tudies showing i t a t a min imum US$2,000/ tonne for soi l amendment and
lower qual i ty b iochars, wi th higher values paid for
f i l t ra t ion medium. Wholesale pr ices are typical l y 25-
50% of reta i l , subject to cert i f icat ion, and demand and
pr ices are expected to r i se for the foreseeable fu ture.

In November 2019 we rev iewed onl ine biochar sa les,
main ly in the US. Lis t ings are main ly for smal l reta i l
packages of char sold as an amendment or for
f i l t ra t ion, shown in Figure 54. L is t ings averaged
≈US$15,000/ tonne fo r  f i l ters ,  ≈US$7,550/ tonne for  

46 G r a n d V i e w M a r ke t R e se a r ch s t u d y su m m a r y .

47 A p p l i e d E n e r g y s t u d y , ( C a m p b e l l a , A n d e r so n , D a u g a a r d & N a ug h t o n , 2 0 1 8 ) .

48 B i o ch a r v s A c t i va t e d C a r b o n ( F i n g e r L a ke s B i o ch a r , 2 0 1 6 ) .

49 R o sk i l l M a r ke t R e p o r t s ( 2 0 1 7 a c t i va t e d ca r b o n f o r e ca s t s t o 2 0 2 5 ) .

50 S u r ve y a n d A n a l y s i s o f t h e U S B i o ch a r I n d u s t r y ( P r e l i m i n a r y R e p o r t , 2 0 1 8 )

F i g u r e 5 1 : A c t i va t e d C a r b o n V a l u e & D e m a n d

F i g u r e 5 2 : R o t o g a s i f i e r B i o ch a r
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soi l amendments and the overal l median
i s  ≈US$10,000/ tonne.   78% of  l is t  
pr ices exceed US$5,000/ tonne.

General ly , the higher qual i ty b iochar
requi res cert i f icat ion and at t rac ts a
higher pr ice as f i l ters than as a soi l
amendment. Note also that gas i f ie rs
can recyc le f i l ters and resel l or improve
energy y ie ld , increas ing product iv i ty
and value.

Sale pr ice di f ferences are main ly
inf luenced by : (a ) impac t of p roduct
branding, market ing and market
dominance of speci f ic brands; (b ) s ize
of the indiv idual package being sold –
wi th smal le r packages commanding a
higher pr ice per met r ic tonne; (c ) the
qual i ty and cert i f icat ion, wi th f i l t ra t ion
typica l ly us ing a higher qual i ty , more
expensive biochar. Where used as an
energy fuel the pr ice is expected to
re late to the pr ice of e lect r ic i ty . The
Whi te Cast le , Louis iana RotoGasi f ie r
p lant produces biochar able to be used
ei ther for genera t ion or other h ighest
and best uses, making i t a f lex ib le produc t saleable into mul t ip le markets (Figure 53 51) .

A charac ter is t ic of b iochar is tha t i t sequesters carbon when used as a soi l supplement or
'bur ied ' . Since munic ipa l waste ( l iqu id and sol id) are la rgely a tmospher ic carbon in nature,
b iochar can sequester approx imate ly 2.9336x i ts tonnage as tCO 2 e (per academic
assessments) . This no t only appl ies to soi l supp lements, so only energy use of b iochar would
fa i l to sequester carbon. The market benef i t o f sequestrat ion is curren t ly not being fu l ly
ref lected in ei ther marke t demand or pr ic ing.

Quality

Current ly , most b iochar is sold wi thout compl iance wi th standards, which are increas ingly
developed around the In ternat ional Biochar In i t ia t ive ( IBI) . This covers aspects such as
chemical parameters, tox ic e lements, o r ig in, feedstock, composi t ion, meta l and other
proper t ies (such as, mois ture, o rganic carbon, C:H rat io , ash, n i t rogen, pH, elec tr ica l
conduct iv i ty , l ime content and part ic le s ize dis t r ibut ion) . Cert i f icat ion carr ies the " IBI
Cert i f ied™" seal . Going forward we expect cer t i f icat ion wi l l be more important for uses tha t
requi re qual i ty contro l , e .g. laborato ry or medical uses, than other uses.

Wi th var iable feedstocks , b iochar is tested regular ly to asses whether i ts propert ies create
chal lenges wi th the intended use. Advanced Gasi f iers can be adjus ted to improve biochar

51 S e e a l so A m e r i ca n B i o ca r b o n w e b s i t e . P r o ce s s d i a g r a m co u r t e sy o f A m e r i ca n B i o ca r b o n .

F i g u r e 5 3 : A m e r i ca n B i o ca r b o n P r o ce s s , L o u i s i a n a

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwje8o-l8IvqAhVUMn0KHT13DKIQFjAAegQIBBAB&url=https%3A%2F%2Fpdfs.semanticscholar.org%2F5bb3%2Feb5459e5cad5b46b17103c445647182f69c7.pdf&usg=AOvVaw11YyFHN_uC3Muiv5GR2y5V
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwje8o-l8IvqAhVUMn0KHT13DKIQFjAAegQIBBAB&url=https%3A%2F%2Fpdfs.semanticscholar.org%2F5bb3%2Feb5459e5cad5b46b17103c445647182f69c7.pdf&usg=AOvVaw11YyFHN_uC3Muiv5GR2y5V
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qual i ty and volume, or to reduce aspects such as volat i le organics. Organic feedstocks
(wood, k i tchen scraps and other organics) may mean adjust ing separat ion to meet the qual i ty
requi red for speci f ic markets . This means that the biochar 's value can vary but is contro l led
through ongoing test ing and speci f ic appl icat ion .

Advanced
Gasi f icat ion biochar
( f rom wood chips) has
been tested agains t
IBI Standards and
whi le they did not
seek cert i f ica t ion, the
biochar is sold to the
Ci ty of Woodland, CA
for US$750 per ton.
TSI tested organic -
based biochar wi th
electron mic roscopy
and conf i rmed the
high qual i ty la t t ice
requi red for qual i ty
b iochar. Pivota l a lso
suppl ied samples to Univers i ty of Calgary researchers who considered i t would be sui table as
a soi l amendment, wi th f ina l conf i rmat ion being project - and feedstock-speci f ic .

Conclusion

Biochar is a product and market that is gradual ly matur ing . A range of values are prov ing
feas ib le, wi th increas ing demand, l inked to biochar qual i ty and volume, which var ies by
feedstock and yie ld, so biochar futures are current ly l imi ted . Advanced Gasi f icat ion biochar
can improve revenues whi le poten t ia l ly sequester ing carbon, making i t an area of r is ing
interest . Because biochar value can af fect Advanced Gasi f icat ion pro jec t v iabi l i ty , b iochar
potent ia l should be assessed through test ing and using Pivo ta l 's IRM model , so the project ,
feedstock, operat ions and contrac ts can be al igned to opt imize potent ia l .
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Appendix 4: Grants

FE DE R AL

1. Federal Inf rast ructure Fund – star ted in 2016 wi th $518m, and now has commit ted $9.2 bn
for green in f rast ructure and clean technology projects that s t imulate the economy wi th a
focus on GHG emiss ion’s reduct ion and economic development at the communi ty level ,
and inc ludes so l id waste management pro jec ts . The fund is open for app l icat ions. The
IRM project would qual i f y for th is funding.

a. Green Inf rast ructure Fund – The current Phase I I round of funding has been
al located, however, there are l ike ly to be fo l low-on programs for renewable energy
from sol id waste management, GHG reduc t ion and communi ty c l imate ac t ion
programs. The IRM project would be a sui table pro ject for th is funding.

b. Munic ipal Cl imate Innovat ion Program is del ivered by FCM and extends through
2022. I t is des igned to ass is t communi t ies to adapt to the impac ts of c l imate
change and assis t wi th GHG emiss ions reduct ion. The IRM projec t would qual i fy
for funding under th is program.

c. Gas Tax Fund focuses on core in f rast ructure needs but does not speci f ica l ly
ment ion sol id waste management but i t may be appl icable fo r the Townsh ip ’s IRM
program with i ts benef i ts in resource recovery f rom wastes, GHG emiss ions
reduct ion and potent ia l revenue streams.

d. Natura l Resource Canada – The Clean Growth Program has $155 mi l l ion for
investment in the demonstrat ion of pro jects in c lean energy wi th an emphasis on
GHG reduct ion. They are curren t ly not accept ing appl icat ions but are to in the
future.

2. Western Economic Divers i f icat ion program funds innovat ion in i t ia t ives fo r c lean tech. The
funding cal ls have very short app l icat ion t ime f rames. The IRM program would appear to
qual i fy under the acceptance cr i te r ia fo r funding.

3. Green Munic ipal Funding Program has $120 mi l l ion for feas ib i l i ty s tudies , susta inabi l i ty
p lans and waste management pro jects making i t ideal for the IRM program. I t is open for
appl icat ion.

New grants have been publ ic ly ment ioned, re lated to COVID-19 measures. These are
changing rapid ly so are not deta i led here.
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PR OV IN C IA L

1. Energy Mines AND Petro leum Resources – Communi ty Energy Leadership Program
prov ides funding for c lean energy pro jec t owned ( inc l . par t ia l ownership ) by local
Government or Fi rs t Nat ions. Funding supports communi t ies to reduce GHG emiss ions
reduct ion , s t imulate economic development and promote partnerships wi th industry to
advance the c lean energy sector . Going forward funding wi l l be on a pro ject by pro ject
bas is . Prev ious funding ranged from $10,000 to $175,000 per pro ject for construct ion
costs . Contact is Na i rn Albrecht , Ph: 1.778.698.7166; emai l is celp@gov.bc.ca.

2. Min is t ry of Envi ronment and Cl imate Change St rategies and Munic ipal Af fa i rs adminis ter
the CleanBC Communi t ies Fund (CCF) which target capi ta l in f rast ructure pro jects for
publ ic use and benef i t to meet the fo l lowing outcomes: increased capaci ty to manage
renewable energy; access to c lean transportat ion; energy ef f ic iency of bui ld ings and
generat ion of c lean energy. Cal ls for appl ica t ions are not scheduled at th is t ime.
Avai lab le funds tota l $63 mi l l ion. Contact : Mun ic ipal Af fa i rs a t 1.250.387.4060; emai l is
in f ra@gov.bc.ca .

3. Munic ipal Af fa i rs and Housing – In frast ructure Planning Grant Program of fers funding to
local government that supports energy and cl imate change ac t ion. Grants are prov ided
for pro jects to study the feas ib i l i ty costs and technology opt ions. The funds are avai lab le
to match funding up to $10,000. Contact : Munic ipal Af fa i rs a t 1.250.387.4060; emai l is
in f ra@gov.bc.ca .

MU N IC I P A L

1. Western Economic Divers i f icat ion – Regional Inn ovat ion Ecosystems Program prov ides
funding to munic ipal i t ies for c lean energy and added value agr icu l tu re pro jects . The IRM
project would qual i fy for the c lean energy and biochar product ion which could be used as
an advanced soi l supplement . Contac t : Ph 1.604.666.6256.

2. Federat ion of Canadian Munic ipal i t ies (FMC) – The Green Munic ipal Fund supports
pro jects that reduce energy consumpt ion (genera t ing GHG reduct ions) and improve ai r ,
water and soi l qual i ty . Funds are avai lab le for p lanning, feas ib i l i ty s tud ies and pi lo t
pro jects . Low inte rest loans and grants are ava i lab le for capi ta l pro jec ts . The IRM
project would qual i fy for th is fund ing program. Appl icat ions are open on a project by
pro ject bas is .

3. Union of BC Munic ipal i t i es (UBCM) prov ides funds for capi ta l and planning projec ts for
energy, sus ta inabi l i ty p lanning, sol id was te management, t rans i t , water and wastewater .
The IRM project would qual i fy for th is funding . Contact : Ph. 1 .250.356.5134; emai l
ubcm@ubcm.ca.

4. Real Estate Foundat ion of BC prov ides matching funds for p lanning studies wi th s ingle or
mul t ip le phases for renewable energy projects . Appl icat ions are due in February and
August annual ly . The IRM project would qual i fy for th is funding but cal l before submi t t ing
appl icat ion. Contact : Ph. 1.866.912.6800; n ick@refbc.com.

mailto:celp@gov.bc.ca
mailto:infra@gov.bc.ca
mailto:infra@gov.bc.ca
mailto:UBCM@UBCM.CA
mailto:nick@refbc.com
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5. VanCi ty Credi t Union – Communi ty Par tnership Program prov ides funding for p lanning and
assessment of communi ty based clean energy pro jects that address susta inabi l i ty and
cl imate change act ion. The IRM project meets those cr i te r ia . Funding maximum is
$10,000. Appl icat ions are open.

6. Columbia Basin Trust prov ides funding for communi ty based clean energy pro ject
development up to $50,000. The IRM project qual i f ies fo r th is funding . Contact : U l l i
Muel ler ; Ph. 1.800.505.8998; emai l umuel ler@ourt rust .org.

7. BC Bioenergy Network prov ides funding for munic ipal pro jec ts on a project by pro ject
bas is inc luding partnership funding. Funding is focused on technology feas ib i l i ty ,
development engineer ing design, pro ject management t , and capi ta l costs . The IRM
project would l ike ly qual i fy for th is funding. Contact : Scot t Stanners; Ph.
1.604.889.4549; emai l scot t .s tanners@bcbionetwork.ca .

mailto:umueller@ourtrust.org
mailto:scott.stanners@bcbionetwork.ca
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Appendix 5: Study Team

Person Role & Quali f icat ion

Graeme Bethel l Graeme is a gasi f icat ion specia l is t , Pres ident and co-founder o f
Pivota l IRM. He specia l i zes in the integrat ion of sol id and l iqu id
wastes and biomass to produce clean heat (cool ing) and power (CHP);
b iochar markets ; and dis t r ic t energy systems. As a Technical
Specia l is t , he specia l izes in advanced gasi f icat ion, susta inabi l i ty and
cl imate change, wi th a focus on communi ty inv igorat ion through job
creat ion, in tegrated energy resources , carbon reduct ion,
env i ronmental susta inab i l i ty and economic development .

Chr is Corps Chr is is a Land Economist and is CEO and co-founder o f Pivo ta l IRM.
His exper ience has inc luded feas ib i l i ty and viabi l i ty assessments fo r
susta inable land development , economic development and energy
pro jects . He specia l izes in complex business cases and has worked
on some of the la rgest and most d i f f icu l t p ro jects in Europe and
Canada. He has lead in ternat ional pro jects and set f inanc ia l
s tandards in cur rent use in 132 countr ies cover ing susta inabi l i ty and
valuat ion, and has been a leading member es tabl ish ing government
f inanc ia l s tandards. Chr is or ig inal ly recommended BC government
invest igate IRM, which led to the Prov inc ia l In tegrated Resource
Management s tudy, l ia is ing wi th Treasury Board and Cl imate Ac t ion
Secretar ia t s taf f . Chr is adv ised mul t ip le min is t r ies and agencies on
how to embed susta inabi l i ty in to cap i ta l p lanning and advised on
susta inabi l i ty rev is ions to the Capi ta l Asset Management Framework,
which is BC's procurement pol icy .

Dr. Mat t Summers Dr. Summers is a profess ional engineer wi th a background in both the
l iqu id was te t reatment and Advanced Gasi f icat ion. He specia l izes in
bio-energy system design and analys is and is a Specia l is t in k inet ic
and thermodynamic measurement and model ing; manufactur ing
systems design and analys is , and prec is ion sensors and contro l
systems. He is Chief Operat ions Off icer , West Biofuels , LLC, wi th
responsib i l i t ies for des ign, construct ion, and star t -up of commerc ia l
b iomass gasi f icat ion sys tems, p lus he superv ises staf f , contrac tors
and projec t partners to coordinate pro jects and d i rects the research at
thei r Research Center used for test ing technology perfo rmance,
contro ls and emiss ions.

James Pra t t James is a Regis tered Profess ional Planner, James br ings 25 years of
exper ience as an independent consul tant serv ing governments, Fi rs t
Nat ions, non-prof i ts , and network organizat ions. A specia l is t in
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part ic ipatory engagement, he fac i l i ta tes oppor tun i t ies for meaningfu l
involvement of res idents and af fected part ies who can prov ide
valuable feedback and input . He has prov ided consul tat ion serv ices
as part of p lanning in local and regional governments, as wel l as Fi rs t
Nat ions and non-pro f i t o rganizat ions . Based in Vic tor ia s ince 1995, he
has a reputat ion as a pr inc ip led, dedica ted profess ional .

Alber t Bico l Alber t Bicol PEng LEED AP is internat ional ly exper ienced in energy
systems and susta inable energy master p lanning and development .
Alber t 's background wi th Energy Net Zero master p lanning and
development led him to conclude that Advanced Gasi f icat ion is one of
the only ways that bu i ld ings can be sel f -susta in ing in term of energy,
whi le reducing carbon. Albert has advised on Vancouver 's False
Creek development , Shangr i -La Hotels in East Asia and is cur rent l y
adv is ing on projects inc luding a major g lobal a i rpor t , a 1m sq f t
Vancouver development , a major mul t inat ional wi th 26 out le ts in the
Lower Main land alone, and a 1m sq f t mul t ip lex enter ta inment cent re
in Japan, a l l so le sourced and di rect awarded and assess ing
Advanced Gasi f icat ion. This inc ludes Canad ian federal agencies.

Michael Wol ine tz Michael is a Partner a t Navius Research Inc. , who helped develop the
GHG automated calcula t ions in Pivo ta l 's IRM model . We expect to
use th is in developing GHG assessments re lat ive to Esquimal t 's 2030
and 2050 GHG reduct ion goals where Michael wi l l he lp evalua te
Pivota l 's GHG model l ing and wi l l rev iew the model 's est imates. I t is
env isaged that th is summary report ing wi l l be su f f ic ient a t th is s tage,
but Michael would then be able to prov ide more complete assessment
as part of a separa te study.

Michael spec ia l izes in quant i fy ing greenhouse gas emiss ions and thei r
impacts f rom act ions and pol ic ies undertaken by government . He
specia l izes in CIMS energy-economy model l ing, in des igning and
execut ing energy and ai r emiss ions forecast ing analyses wi th th is
model .


