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EXECUTIVE SUMMARY

The School of Constructicand the Environmenplans to install a biomass boiler that uses wood residue Summary of Architectural Requirements
generated mainly by the Carpentry and Joinery Workshop ta pad of. / LBufaby campus. The School
has retained Canadian Biomass Energy Research (CBER) Ltd and Ing. Aigner @epatiet@ schematic
design reporfor the biomass boiler plant.

The following are requirements that the architect will need to takéoimccountwhen planning the
enclosures of the plant and its integration into the existing campus infrastructure:

Ve

o _ A The chipperwill need to have a soungroof enclosure to allow operating it without disturbing
Objective of this R eport

classes.
The purp(.){se of t'{his Schematic Design Rete to (_jeyelopa viable technical 39"_’“0"‘” a biomass boile_r A The fuebin will be bcated underneat the existing dust extractousingthe existing steel columns as
!“]f b )f a o o _/ L_¢ Q'éhe r.epltz_lt\lsytdirgetgd at BCYTLsuda and deC|§|on makers as an audience a frame forthe wall containing the fuelThere will be structural challenges that will need to be
illustrating extents and implications of a biomass boif@ant on campusThe desigrshould also be used by

: . : : ) ) . o resolved by a structural engineer.
the architect as a starting point f@lanning theenclosures of the plardind its architectural integration into A A ina binwill bel db he fuel d the firebox boilerTh ) buildi
the existing infrastructure metering binwill be located between the fuel storagand the firebox boilerThere is no building

required for this componentDue to the BC Building Codeet metering binmay not be in the same
This reportalso consolidates theresults andadvice provided irpreviousreports and meéngs to date room as the boiler.

regardingthe design of a biomass boiler plats such sufficient informatiois providedto move the project A Theboiler housewill havean L-shapedfootprint of approximately 65 m? (700 sf§nd should adjoin
to the next stage. The repornd plans provided in iis, however, not detailed enough to be used for the southwall of the Joinery Workshofthe minimum ceiling heightill be 3.5 m.

per.m.it.ting or procurement ptposes..This report is a transition document and as such is not intended as a A Some of the existing walkway corridor between NEO2 and NE21 willdsked by the boiler plant
definitive status othe design of thebiomass boiler plant. ) This will need to be taken into consideration for the planned redgwelent of NE21 and NE23
Purpose of the Biomass Boiler Plant A For safety reasonse boiler should be accessible B\ O A stdffiorlySaaw@ll separating the boiler
The boiler plant has three purposes, listed in their order of importance: from the filter will restrict instructor€and student§iaccess to the research and training araahe
back of the building

Large dass, wall(spn the South face and the West fashould make thebiomassboiler visible for

1. Canpus heating A
2. 9RAZOI GA2y 3 UNFAYAy3 o6Ffaz2 NBEFSNNBR d2 Fa WRSY 2, YaBnHoNskrdfidh And fRdining purposeshe glass walls might have to haviaourfire rating.
A

3. Research The boiler room will need a large dofor introducing the lviler to the building. This door will need to
The plant has beeplannedwith these objectives in mindnd includes various designs and components that _ be opened for boiler cleaning.
a plant made only to supply heat would not have A Biomass boilers are heavy. The foundation of boiler room will have to be able to withstand 4 tonr

_ _ of weight on a 2 m? footprint.
Location and Sltei Stra}tegy o . . 3 - . A The boiler will be connected to the existing wground campus heating pipelirteat passes the
¢KS LXIyd gAft 0SO02YS LINI 2F ./ Le¢Qa { @kZFSR2 T Ch DYiiNOidadch A bse ptbsiminBifeS onfettdidNBeY chfpdsineating Retwbrivuld dAaid
C 2 dzNJ Thbl&hséngus amongst decision makers & BCthat the area around thesth-west corner of underground, either in a concrete channel or jostiedin a ditch
Joinery Workshop (NEO2) of BQId . dzNy'F 6 e [k YLldza Aa GKS LINBEFSNNBER & Qlinld %éél&?ﬁ providedhere would be no major cdlict with existing underground services. Part of
Alternative locations for the boiler plant have been considedbding the predesign phasgebut were the plant would be built on top of an existing arm of the storm setheugh
dust extraction system that will deliver some of the wood fuel used by the boiler. met, particularly CSA B36hd requirements of the NFPA in regards to spatial separation. The boil
General Arrangement hous_e itself would be classified aow Hazard Industrial Occupancy. Sprirkiehould not be

. required.

Core components have been arranged in tas@s, one along the west wall and the other along the south A . . , . . ok B A1 g A =
wall of the Joinery Workshop (NE02). The fireboiler itself is located at the intersection of these two axes A IP;S(;::\Ltroom shoulle designed with ®c Y o H Q0 & A faisesBlafom edery poigt N\

turning the incoming fuel into heat, ashes and exhaust, each of them removed in a different dirddtmsn.
arrangement also makes use of space that is currently either not used or undesus#tdas the area below

and beside the existing dust extraction systefmis minimizes the impact on traffic and the amount of
parking space lost.
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Key Points and Recommendations

A

Ve

A

Ve

A

Fuel 251 tonnesper yearof dry wood residue are available, raix of 9% fines & shavings and 91%
solid woodthat will need to be chippedUnless operation of the central boiler plast changed2
tonnes (17% of the annual amoupwill haveto be disposed ofluring the summer monthsThe
remaining 208 tonnes can be used entirdjo change in residue collection is required, as long as
pieces areuttof S&da G KI Yy n ®dd mostof th@nails Argremhoed. 3G K | YR

Chipper It is recommended using a chipper rather than a grinder for reducing the size of the

feedstock materialWith a @pacity of at least 436 kg/hour (960 Ibs/hgtine daily average amount of
residuecan be chippeavithin three hoursor lessk y Sy GANB 6SS1 Qa
less Cutoffs will be delivered by forklift, much the same way as they are deliveyate disposal
container now The chipper will operate unmanned.

Fuel Storagel0 tonnes or 50n3 of fuel storage, equivalent to 10 dagmaximum waste production

Ve

A

s

A

51 adi & &2t d’wlgieséhﬁ Bo&sj\bi)l}ty t%b[yrn test fagﬁsﬁnd to moni@rious types of air pollutants in the flgas

is recommended. While larger than common, this size will allow operating the chipper even if the

biomass boiler should be down for an entire week. Likewise it will allow operating titex lab high

fire even if the chipper or its operator is not available for an entire week. Instead of a silo storage
common in the wood remanufacturing industry, a walking floor storage system is recommended. This

allows making use of the space under thasting steel structure supporting the dust extractor. The
structure itself can beised as a frame for the storage

Combustor The firebox boiler should have a moving grate design, partly due to plywood and MDF in

the fuel, partly to be able to test diffidt fuel in the future.The biomass boiler ha® operate
according to fuel availability rather than heat demandlhe unit should be able to combust
continuouslyin the range between 12 and 42 kg/hou firebox boiler with a rated outpubetween

A

A

Ve

A

170 to D0 kW (depending on the robustness of the design and construction details of the firebox

boiler) is best suited to meet this requirement.
Boiller L A& KAIKE S
below 206 kPa (30 BSThis will simplify the requirements of the BC Safety Authaaitg reduce
equipment costs

Ashy LT O2YLX SGiSfe o0dz2NYSR ./ L¢Q& FdzSft GAff
and October, the months with the lowest and the highest wastéumes, respectivelyThe ash
dumpster will have to be emptied everyeek at most Various disposal methods have been
discussed, including applicationptants on campuand landfilling.

Safety Biomass boilers can be operated as safely as fasdiboiers, as long as safety devices are in

NBEO2 YYSy RSdler th& opSratdsibaodv 100°@t ¢ | N &I 0 SNE ©

Conclusions and Next Steps

3 S yrhidNEporQayHdovin & Eeéhifical Balutioh takhg Watods cdnstrairdsnd Ireduésts linto ¥d2uiatiok and A
foot print of the various components are identified. A number of conceptual alternatives are descfibed.
report should bereviewed by 8 concerned parties andsed as a stepping stone towards the next stage, the
permitting phase.

place. Key issues to watch are back burn prevention and dust explosions at the existing dust

extraction system

Emissions Modern biomass boilers can combust biomass fuel in a controlled fashion that reduc
but will not eliminate emissionsEquipped with an electrostatic precipitator the unit should easily be
FofS G2 YSSG aSGNR =+ yO2dz0dSNDR&a wmy Y3IkaYur GF
threshold of 200 mg/sm3 will be more challenging and will largedpethd on the combustion
technology employed.

Monitoring and research The plant has been designddr operation as a research facilityThis

Heat isage Based on the location of the biomass boiler plant the favoured solutorusing heat
generatedis feedingit into campus heating networklhe biomass boiler wouldperate as a satellite
plant, much the same way as the existing gas boilers in thealeoiler plant.

Interconnection to the Campus Heating Netwark heboiler will feed into thearm supplying the
building J.W. Inglis building (NEQIheating up water returned from NEO1 and-irgecting it to the
supply line of the same arnto protectthe boiler from poor water quality an indirect connection with
a heat exchanger would be beneficial.

Heat Storage There is no need for heat storage because the carrying capacity of this heat pipel
exceeds the amount of heat the biomass boiler can gatee

Other Energy Savings Opportunitie€urrently this armsupplying NEO1s operated at higher than
necessary temperatures. Lowering the supply temperature would allow operating the biomiess bo
at below 95°C at all times and reduce investment costs

Visibility: A person hole could be added at the-tie of the pipes to the existing campus heating

network. This persoimole would be undethe existing walkway and could have a glass cover fo
visibility and demonstration purposes.
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Factor Four Area
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South Elevation

Note: All distances in mnr
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This report covers the finding ofé¢ftschematicRS & A 3y LIKIF &S F2NJ I 0A2YIl aa
Campus. Thelesign phase was preceded byee-design phasehat consisted of four days of meetings
and site visits at BCIT and subsequent evaluation of information and data collected.

INTRODUCTION

The School of Constructiaand the Environmenplans to install a biomass boiler that uses wood residue
generated mainly by the Carpentry and Joinery Workshop to heat part/ofL Bufaby campusncluding

Ada
Ing. Aigner GmbH to develop a workable technical solution for the biomass boiler plant.

All data and numbers provided in this report are preliminary and, based on new information madeThe following cosiderationsand constraints define the operation of the biomass boiler plant:

avalable, could change during theermitting or engineeringlesign phase. Input from BCIT that requires
design changeshould be madéefore the start of the next design phase, i.e. before the permitting phase

PURPOSE OF THE BIOMZS BOILER PLANT
The boiler pant has three purposes, listed in their order of importance:

1. Campus heating
2. 9RdzOF GA2Y 9 GNFAYAYy3 o6Fftaz NBFSNNBR G2 I a
3. Research

The plant has been designed with these objectives in mind.

OBJECTIVEAND SCOPBEF THIS REPORT

Thepurpose of this Schematic Design Report isléwelop a viable technical solution for a biomass boiler
plantl 4 ./ L¢ Q& ..dielepadt &argetedrat RI2AT staff and decision makers as an audience
illustrating exterts and implications of a biomas®iler plant on campusThe design should also be used

by the architect as a starting point for planning the enclosures of the plant and its architectural integration

into the existing infrastructure.

In detail the following design criteria have been edisiied:

A Preliminary calculations have been condugtestablishing base requirements for fuel handling and
combustion

A Quitable spacénas been allocatetbr individual components and major mechanical installations;

Ve

A The flow of material (wood dust and woodips), fluids (hot water), and gases (flue gases) is

) indicated;Caceptual alternativediave been developed for a number of components

A Qiteria, limitations and minimum requirements for individual components of the systame been
established. These reqqements are based on calculations laid down in the preliminary design

_ report;

A Weight size and other physical characteristiok key equipment relevant fothe structural,
mechanical and electrical desigave been determined

G ClL Ol 2 NJ. Th2 @&h9dl hadzkethied adadliinoBiomass Energy Research (CBER) Ltd and

0 AAGenami akdndeMdht Idydutand/ dutfin® dpecific@iblgiafe@been preparediliustrating and
defining the proposed technical solution.

This reportalso consolidates theresults andadvice provided irpreviousreports and meetings talate
regardingthe design of a biomass boiler plamts such sufficient information is provided to move the
project to the next stage. The report and plans provided in it is, however, not detailed enough to be used
for permitting or procurement purposed.his report is a transition documerdnd as such isat intended

as a definitive status dhe design of thdoiomass boiler plant.

FUEL AVAILABILITYAND CONSTRAINTS

1. Fuel is available yeaound. Continuous operatin 12 montfs of the year however s currertly not

possiblebecause there is ng or no access tog heat demand during the summer. Thanspus

heating network does not operate during summeand the feat load of the single biggest

consumer, thel. W. IngliBuilding(NEQ) is 100 days of the yedower thanthe amountof heat

produced by the biomass boiler

During the summer month fuel will need to be either stored or disposed of in other ways; current
estimates show approximately 42 tonnes or 17% of theuahriuel incurs during the offieating

RS Y 2s¢a@on NI G A2y Q0

3. Fuel storage during the offeating season would require approx. 200 m3 (42 t) of fuel to be stored.

4. { LI OS NBaAaGNROGA2ya O2yFAYyS artz2a G2 | Yl EAYdzy F
raioof GKS ¢l ff KSAIKG G2 (GKS arat2 RAIYSGSNI aKzd
m), resulting in a storage capacity of 77 mihree silos would be requiretd store fuel production
during the summer month.

5. Expansion of the campus heatisgstem and its year around operation might make it possible to
use heat during summer month in the future. Thsuld potentially make annvestment into a
large fuel storage system a lost investment

6. Two alternatives exist: disposing off the wood wasteummer or disposing of the heat generated

in summer. The former solution is preferred by the manageméntthis case ta short term

storage system needs to be equipped with a disposal screw/chute
. During periods of low fuel availabilithe¢ boiler will beturned down manuallyThe control system
of the boiler should allow for this

2.

Unless changes are made to the way the existing central boiler plant and associated heating network is
operated, 42 tonnes of usable wood residue, 17% of the annual amount, wéked to be disposed of
during the summer montk. The remaining 208 tonnesan be used entirely.

Schematic Design RepditCIT Biomass Boiler Plant
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LOCATION OF THE BIOMSS BOILER PLANT
Various locations for the biomass boiler plant have been discussed prior and during ttiegige phase.

The plant will6 SO2YS LI NI 2F ./ L ¢ Qand the@EKvArchmentand the' sdofledi NHzO G A

OFactor Four are& ®he Factor Four areés comprised of seven buildings ranging from a shdgieiched
home to a fourstorey buildng the size of a football field, coveringe-tenth of the built environment and
mc: 2F GKS FE22NJ FNBF 2F ./ L¢Q&a . dzNylFoeé& OF YLidza o

The consensus amongst decision makers aT BCthat the area arounthe southrwest corner of Joinery
22N] AK2LJ 6b9nn0 2F ./ L¢Qa . dzNyIl o6& /FYLdza Aa GKS

Alternative locations for thdoiler plant have been considered, but discarded as less suitable. The main
reason for this is that the plant should be located close to the existing dust extraction system that will
deliver some of the wood fuelised by he boiler Secondly, the walkway South of NEO2 will be
redevelopedo incorporate the boiler plant.

The location of the chipper has been discussed during thedpsign stage. Locating the chipper under the
canopybetween NEO2 and NEO#&here most of the wod residue is produced would reduderk lift
operation. The canopy is however used for training purposes. Both forklift traffic and the oioibe
chipper might disturlxlasgs This location of the chipper has not been considered furtiiee peferred
locationfor chipperisadjacent tothe dust extractor (north or suth).

Someparking lots will be losas the area and traffic flows rearranged

The boiler plant will occupy sonwé the walkway corridor on theagith side of the Joinery Workshop. BCIT
plans to redevelop this area whetreplaes old buildings on theosith side of the walkway (NE21, NE23)

DESIGN REQUESTS ANDMITATIONS

CKS F2fft26Ay3 NBldzSada yR RSaAdy O2yaidNIAylda KI

1. The boiler house should aip the south wall of the Joinery Workshop rather than being a
separate, stangilone buildingAs a consequencat least one window on theosith face of NED2
will be lost. Moreover, fire separation will become a more serious issue.

2. The boileritself shaild be only accesibleto staff of the Facility Maintenance Department that will
operate the plant This requires (a) separating the boiler from other equipment and (b) equipping
the boiler room withglass waf(s)for demonstration and training purposes

3. Architectural solutions should be left to an architect that will be engaged during the next phase of
the project.

. ; By
L. | \ {J
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CORE EQUIPMENAND ITS LOCATION
The core equipment of the biomass boiler plaonsistof the following components:

The chippethat cuts off-cuts into chips

The fuel storagéin that contains fuel for up to10 daysof operation;

The metering birthat monitors fuel consumption and mesthe chips with the dust;

The fuel conveying equipment, including the stoker feeding fuel into the combustor
The firebox boilethat combussthe fuel, turning it into heat;

The heat transfer system connecting to the campus heating loop;

The ash removal system, extracting ash from the firebox, depositing it into a hopper;
Theflue-gasfilter that clears the exhaustto the required emission level;

The emission monitoring devicasdtesting ports;

10 The chimneexhausting the filtered flugases into the atmosphere

©CoNoOhwNPE

These componenthave been arranged in twaxes one along the west wall and the other along th@wsth
wall of the Joinery Workshop (NEO2). The firebox boiler itself is located at the intersection of these two
axes, turning the incoming fuel into heat, ashes and exhaust, each of them removed in a different direction.

Alternative arrangements are pob# butthey would make it necessary to change direction in process flow.
For example, the chippearould be located on the other ¢sth) end of the dust extractor. Filling the storage
bin evenly would be more difficultreversng the flow of fuel. There wauld also be conflicts with other
equipment located in the area, such as the metering bin.

The arrangement also makes use of space that is curreittier not used or underused, such as the area
below and beside the existing dust extraction system.
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GENERAL PLANT PROCESCHEMATIC

Campus Heating Pipeline

HeatExchanger Flue Gas Treatment
(optional)

@Boiler @
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/
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Note: Monitoring is part of the overall system. Monitoring points are shown in a separate schematic on§age 1
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GENERAL PLAN'PROCES DESCRIPTION

The entire wood energy system can be categorized into various processes described below:
1.

6. Ash removal:Ash is removed from the firebox by a set of screws. Oeatsigk firebox a screw

Chipping:Wood cutoffs from various collection points are delivered by a fork lift and tipped into conveys the ash to an ash dumpster. The ash bin will need to be emptied on a regulay basiss
the hopper of the chipper. Thenit chipsthe cutoffs into pieceof nomore thanH p Y Y'sizé.m € 0 disposalmethods have previously been discussed, including applicatigsiaiots on campusnd
Oversized pieces are remey by an internal screen andgmund. An incline awgy conveys the landfilling:

chips intothe fuel storage bin.
7. Heat production:Fluegasesare drawnfrom the firebox into the secondary combustion chamber

Fuel storage:A rectangular bin located underneath the existing dust extractipstesn receives and subsequently into the hot water heater byfrequencycontrolled fan. The boiler is equipped
fuel from two sides: coame ground chips from the rear qrth) end and fines from the dust with radiant and convection zones thatinsfer theheatto the water surrounding the firecubes A
extractor atthe front (south) end of the bin.Two push frameswith wedgeshaped scrapers built-in pneumatic cleaning system removes soot that has settled on the flame tihesby
reciprocate along the bunker floppushing the fuel slowlytoward the front end of the storage bin. extending the period betweenleaning.

The reciprocating action also levedsit the angle of repose of the wood pilgenerated by the

incoming chips and dusfThemix of chips and dugpasses beneath an adjustabitopperQgate, 8. Heat TransferHot water generatedn the boiler is pumpd to the campus heating networkThe
then falls into a troughwhere atransversal augetakes over the material. iRally the fiel is arm of the heating network connectirte J.W. Inglis Building (NEQ%)l be used to feed the heat
transported byan incline augeand dropped intdhe metering bin generated into the campus heating network

Fuel metering:The metering bin is a small, cylichl silo equipped withelectronic scales The 9. Flue gas cleaning:A grit arrestor ¢yclone or multi-cyclong separatesthe coarsefly ash
metering bin caralso be manuallyilled with other wood fuelsfor research purposes ! WCft & A y@articulate matter = PM) from the flugasesAfter this an electrostatic precipitator (ESP) takes out
5 dzii O Ks¥d diséhargerrotating on the bottom of the metering bimeclaims the fuel, breaking the finer particles. An ESP alone would suffice to meet logaktandards. Theyclonemulti-
down any bridges okt holexhat may be formed by the wood chips. A sedoimcline auger cyclone is optional and suggested for research purposes only

moves the fuel to the stoker unit of the firebox.
10. Exhaust dischargeCleared fluegases are emitted to the atmosphere via an insulated chimney.
Stoking the fuel:Fuel is stokedto the firebox by an auger.oTlavoid backfireSuel needs to pasa

rotary safetywheel, alock that prevents enbers orhot gases entering the upstreafael supply _ _ _
chain. These processes will be monitored, partly for process controtlypfar research purposes$:lue gases will

be tested periodically for legal enforcement reasons.

Combustion:Fuel stoked into the firebox is combusted on a grate in an electronically controlled

fashiord t NA YI NBE O2Yodza A2y o0Q3IIFAAFAOIGAZ2Y Q0 GF1S&a LXFOS 2y GKS Fild Y20Ay3 3INI S 222R 3l
escaping from the fuel pilare oxidized in th secondary zone of the combustion chambecated

above the grate. Botprimary and secondary air suppliage automatically controlled via the flame

temperature andoxygencontent in the fluegas. The PLC control adjusts the pace of the grates to

ensurecomplete combustion as the filged travels along.

ax
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Chippers can produce aleancutchipofH p Y'Y 0. Gund raafefiabtends to be rather uneven in

RESIDUEAVAILABILITY AND FUH. PREPARATION size, while chips are more homogenously in size and shaped chunksproduced by grinders look like
Wood residue generated at BCIT consists ofaffg¢ and dust collected from various operations. There is broken pieces and havetagher percentage of fies and splinters than the cleaout pieces of a chipper.
also a small amounof pallets that could be used®nly the cutoffs and pallets will need to behipped This can cause problendewnstream including bridging effects in the storage systéns recommended
approximately 87% of the total wood residue produced. usinga chipper rather thana grinder for reducing the size of the festbck material

Abuilt-in sieve screens out oversize piecasd sendghem back for rechipgng. This feature is important
as oversized material might clog up downstream augmwverful magnets can help remove loose nails
and other tramp metal pieces.

Chippin g Capacity Required
As laid down in the prelesign report, vaste production varies between@tonnesper monthminimumto
30 tonnes a month during peak times. Of thosly 87% or 26 tonnes a month will need to be reduced in

size. Thehipperwill have to be designed for this peak volume. Nail Removal Cutters_of _a__chipper
Maximum NorDust Waste Volumes and Sizes For efficient chipping sharputters are essentialNails in thewood residue
Yo t Yo will Rdzf £ 0 K Sutt@Krakihg®meEessarto remove as many of the
Waste type Waste Details ax'mum amotn Percentagé aximum nails as possibleefore chipping The blades of theutters will have to be
(in 2012) Length rotated, sharpened or replaced, depending on amount of Asnod material
Studs 2X4s, 2X$studs 19.1 t/month 73% 09méd o contained in the materialNailsthat passed the chippeshould beremoved
by a magnet
Sheet material Plywood & MDF, 5 to 25 mm (1/4" to 1") 4.9 t/month 19% 09mo o y g
Mainlv Timber Half Pallet (48 R Feeding Designs
9 . . . . .
Pallets ainly Timber Half Pallet ( & nn 2.1 Umonth 8% IHY o There are two designs aizereduction equipmenton the market: those that are sidied by a conveyor
Total 26.1 t/month 100% belt _and those are fed fr_om the topBoth are typicallyequipped with hoppe_rsallowmg delivery with
forklifts. Conveyor belt grinders are designed for larger volumes than required by BCIT and cost roughly
?Percentage according to waste management audit conducted in March 2012 two to three times the price of a fpfed chipper.

The capacity of the chipper was calculated based on the following details: the maximum amount opglets as well as any sheet material that does not fit inside thipperchamberwill have to be cuin half

monthly waste to be chipped (2®nnes) divided by 20 working days a month results in 1.3 tonnes per or crushedbefore chipping This seems an acceptable compromise, considering that pallets only constitute
day. With a capacity of 436 kg per hour the chipper would run on avdtage hours a day during the 8% of the material thaheeds to be chipped.

peak seasontwo hours a day during a month with average wood waste production.

It shauld be noted that the chipper only needs to be loaded and started and does not require an operator
G2 AadzLISNIBAAS GKS OKALIWMAY3I A0aStFod wSTFSNI (12 aSO0GA2y &/ KALIISNI 5SaA3dy YR hLISNIXGA2ye 2y GKS ySEI
for details.

Size Reduction Technology Options

There are two key technologies for size reduction, chippers and grindeeserally chippers operate at
low RPM and use mainly a @iy action, resulting in cleaout chips. Grinders operate at higher RRMs
produce more noise, and includeshearingactionto breakthe material.

Chipped Wood 7 Ground wood

Schematic Design RepddtCIT Biomass Boiler Plant FUEL PREPARATION [

LJI



CHIPPER DESIGN ANDFERATION North Elevatiorof Chippe andits Enclosure West Elevation

Sound-proof Enclosure

Noise levels stated by suppliers of chippers are typically 80 to 90 db. BCIT management would like tr
noise generatedo be less than60 dbto avoid disturbing classes in the adjant Joinery workshop This

will make it necessary to enclose the unit with a sound praniding,approximately4 x 4 m in foot print. N B, | — =l
The enclosure will have to be designed by the architect to meet this noise threshold. The building woulc g / / NT "‘g'

have to be hemetically closed, except for a large door for introducing the equipment and a hatch in the

roof of the building for fuel delivery. Both can be equipped with an-switch that stops the operation of RRTSRRTRN RTINS '§ >
the chipper when the door or the hatch gate is open /// // § I

74 N~
Residue Delivery and Operation of the Chipper 2 ;/ ; i e
Cutoffs are currently collected in a number of small waste bins located throughout the School of i1 f h TR 7 ~ N
Construction and the Environment, mainly under the canopy between NEO2 and NEO4. Instead of dumpin 4 "’Jcmppe,« L /// s Chippe '
these bins intothe 40 cyd collector bin located next to the canopy, the forklift will deliver them to the ZR n i 4! N

chipper on the West face of NEOAdjacent to (North of) the dust extractor This location allows
unrestricted forklift access from the front, i.e. the West side.

These bins are setipping and will be emptied into the chipper from the top through a hatch opening in e
I £tSy3dkK 2F G- tStald" modc” Yy dcoevX

GKS OKALIISNI SyOf 2adzNEQa NRB2Fd ¢KS 2LISyAy3a gAatft KIFI@S (2 Kt

I &S

the largest bins currently in use.

Operation of the Chipper PlanView of Chipper and its Enclosure

The hopper of the chipper will have to be large enough to hold the entire content of the delivering bin.

With a volume of 2.0 m3 (2.6 cyd) each of these liénestimatedto hold an average of 100 kg of lumber

and boards. At a capacity of @&g/h or more it will take the chipper less than 15 min to go through one L2 ; 1

delivery batch. 1 [ '~ SERVICE DOOR S proal SRElEaRe Existing steel sup
. . . . i 1]

For convenience the hopper could be equipped with a lid that can be remotely opened and lsjotwesl B B

fork lift operator, similar to an automatic garage door opener P zem----zz

Once it is fedhe chipper can be operated unmannedssuming an average weight of 100 kg per delivery _ _
bin one bin can be chipped every 15 minutek. should be noted thabverall forklift traffic will be Note: All distances in mir
reduced because bins under the dust extractor b longer need to be emptied.

4245

Al

iips | >

3481
|
| i e — || —

Chip Delivery to the Fuel Storage
Fuel produced by the chipper will be conveyed to the fuel storage bin. This can be done by an inclir

auger, a conveyor belt or by the existing dust extraction system. The latter wouldroensiore power I i
than an auger or a belt. In order to make the best use of the storage capacity the auger or belt should en —ARZl—
in the rear third of the storage bin as illustrated in the elevation drawing on right side of page 10.

3941
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scenario, thathe boiler is down for an entire week,5tonne storagevolumewould beneeded to allow
FUELSTORAGE continuing operation of the:hipp,erasA usual. This §cenario i}i)wever,based on he a§sumption that the o
storage is emptat the timethatt KS 02 A f SNJ au2LJa 2 LJSNJ U Argstldge vadluine U K S|NB
in storagea storagevolume of 10 tonnes or 50 m¥vould be required.These numbers are based on the
month with the highestecorded waste volume, 30 tonnes.

Fuel storage is necessary becatise wood residue production and fuel demasidf the boiler do not
always matchWood residue is produceth the daytimefive daysa week butis consumedday and night
seven days week.

Storage Designs

Two concepts for storing wood fuel exist: cylimal silos and bosshaped walking floor systems. Silos are
usually less expensive but have constraints: to avoid bridging effects inside the silo, thieveffeall
o _ o _ _ height should not exceed two times the diameter.

Historic gazonsumption data of the central plant indicate that there is a load of approximately 400 GJ of, SAE2 SAGK I RAFYSGSNI 2F o0®T X7nbtemhol@s0 ms Buddo e K 618

heat a month drring the summer months (Jund August)Though the biomass boiler plant would be design ofcommercially availablsilos, the overall height would ket least 77 Y 0 wsligkily ligher than

able to supply this summer Ioad,oould_ not be identifiechow andwhat the gas Is sed f_or Forth onthis the west wall of the Joinery workshophe silo would extend past the South face of NEOEing the silo

report assumeshat the summerload will not be served or replaceldy the biomass boiler plantinstead . : > ) ) :

fuel will need to be either stored or disposed of in other wysing this period will require a rather steep incline aug#rat could get damaged during loading the hopper of the chipper
Dust from the dust exaction system would have to be funneled or conveyed to this incline auger or to the

Qurrent estimates sha that approximately 42 tonnes or 17% of the annual fisgbroducedduring the off hopper of thechipperitself.

heating seasonStoring this amount wald require approknately 200 m3 (42 t) oktorage volume, e.gn

agricultural stylesilos

Long-term and Short -term Storage
Currently continuous operationof the boiler 12 montk of the year isnot possiblebecause thecampus
heatingnetwork is shut dowruring summer

Due to these complications, mainly space constraistk) storage is not the best solutiornstead a

5 o walking floor storage system is recamended. o
Space restrictions confine silosto amaxXdzY RAIF YSUSNJI 2F MHQ oo dheratb0 @ ¢ 2 | g2AR ONARIAYI STFFTSOUa

of the wall height to the silo diameter should not exceed 2:1pied K2dzft R y 2 SEOSSR HnQ oé6T1TdPo Yud ¢KS

resulting storage capacitwould be 77 m3 per silo. A total ofthree silos would be muired for storing all Silo Fuel Storage
fuel generated during the offieating seasonAn installation of this size does not fit into trgpace made
available. Arctii SO dzNJ f f & (0 KfSargé sfiésdightndtIFnatdh exidtiigScanip®s development

plans.

Moreover, potential expansion of the campus heating system #&dall yearround operation might make
it possible to usehe heat in the future Aninvestment in a large fuel storage system could become a lost
investment Seasonal or lonterm storage has not beeconsidered further.

Two dternatives exist: disposing dhe wood waste in summer or disposing of the heat generated in %& \ N
summer. The former solutiois preferred by the management, requiritige shortterm storage system to 77
be equipped with a disposal dumping mechanism. H / |

11 /L
/W

u|l

Storage Size ' 0 I
The fuel storagéin should be large enough to provide fuel to the boiler when no fuel is produced or - < SEYmit Sl
delivered. As a rule of thumistorage is designed for at least a long weekend (4 days) to a maximum of OSQ’ I
one week (7 days)nlthe case of BCEhe design volumetaken isnot determined by consumption of heat, : s =
but by production of wood residue. With a load several timesrdted output of the biomass boiler, this
boiler will operatedepending on fuel availability rather than étedemand

7665

The maximumamount of chips and sawdugroduced during an entire week 7.5 tonnes or 36 m3The
boiler is designed to combust 1 tonne per 24 holwader normal operation, i.e. chipping every weekday
from 7:00 am until 2:00 pm, boiler operah 24/7, 2.5 tonne storage would suffice and would never
overflow andneverrun empty, even after a long weekend.

Assuming thechipperis out of commissiorr its operatorunavailablefor an entire week, thebiomass %Q( &4( 1574( ‘574( @Q( ‘&4( %?g Qé\ &é /@?4{\ e ’@é ’574( /ﬁ?é\ /g?é ML 15?4(

. . . . . . . A "\) w""i‘? \f’ﬁ% \("’\7 /”\7 \3‘”\7 /‘17 7'—\ /'—\) \\/‘"—\ \3-—\7 ETNF ? “/‘—\) ‘Z"Y‘< o < \‘/'—\) 7‘—\) ‘3-—\7 /‘—\)
boiler would require fuel storage of.3 tonnesto allow operationat high fire 24/7 Assumingin another a,//— xz,,//— =i an//—a,//— m,//—mn//—a(//— xl,//_ mﬁ//—zz(//—aﬂ//—mﬂ//—mﬂ//—a,//—a,//—m,//—a,//—m//—l

an (O
= L]

Biomass

Boiler
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WALKING FLOORSTORAGE

Walking floor bins come in various forms: @scretebunkers steel structuresor containers.Either one

of these designs could be employed. Many European biomass boiler suppliers offer standartlinéd ro
containers. These are generally shorter and narrower than requieziistom size auld have to be butl
The lowest cost optiowill be using the existing steel structucd the dust extraction systeras aframe.

Container Fuel Storage

VAir [ntakeN

(summer only)

Concrete Bunker Container SteelFrame i

A A A 1 2 A A e s\ao LG 7 /G 7L

General Layout of a Walking Floor Bin | N | y’, «y/zg 4(1\ ¢L &z’é\ %ylé(\,%y’é( ‘Ey’é( ¢( é,@é,@?’é\/ﬁv’é\ 6(,@7’{( 5

Walking floor bins have a trough at the front end of the unit that material is pushed into. The bottom Of_},é\\S\}-\ \4‘"\ K}s\<

tehiiat\r,gl:fgrm ﬁgo';ylgi\(/:;nz) (t))gair:;dﬁ l@ner than the bin level itself, requiringither the areato be ;I,(:Q{yﬁ(y{yﬁ(y{y{y{y{@{(y{(ygyg‘yg@g&

10305

The existing steel structure supporting the dust extractor can be used &same forthe storage bin, but
will require reinforcements.Some of the existing cross ties will have to be taken out in ordeséothe Steel Framé&torage using th&xistingSupportStructure
space. The steel columns, especially those at the front end of the storage birexpafiencelateral s l

outward force from chips kiag pushed against the front wall armlt to the side.To avoid shear forcen - | I | _I_l_
of concrete poured over top of the existing slab. VAIr Intake

the existing anchordies willhaveto be added. These ties would be covereddayewH p 1 Y Ylay@mH €

onliy)

I i i
Storage wallan be made of wood, or, for visibility reasoost of glass T

Geometry of the Walking Floor Bin Exiting dust
At awidth 2 F o ®n aid 10 moQadeRgih the eiLractor
average pile height would have to beébdn 0 ptQ dbtain (] e
the design storage volume 60 m3. The actual volume will I
depend on the angle of repose of the fuel pile. Assumin
pile angle of 5° on the forward slope, of 20° on th I Vi e EvEl ]
backward slope towards thehipper, and 20° towards the %oodéh

sides of the container the design ugg the existing planks oji::**fg
support structure (drawing on the bottom right)would 0 B
provide volume of approximately 50 i The container 3416

(drawing on the top rightholds only 30ms3 of chips The ﬁorce rce>
container would have tohave a lower floor level than T rod [ v g
shown to meet the50 m3 design criteria makingsome =~~~ oeies e DD i
excavatiomecessaryhereby losing its key advantage

Fines |\

from dust
extractor

]
I
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FUEL METERING
A fuel metering bin isecommendedor the followingfour reasons

1. Monitoringfuel consumption;
2. Adding thirdparty fuel fa testing and research purposes;

3. Creating &homogenous mixture of sawduand chips;

4. Separating the fuelib from the combustor for fire safety reasons.

Operation of the Metering Bin

The metering bin is fille6tom the top byfuel conveyedfrom the storage bin by an incline auger. Tims
feedingauger should not rest on the metering bin to avoid distortinggi measurements.

The same incline auger can also be used to empty the storage bin in the summer, when the biomass boil
will be turned off and no fuel is usedo this end it will have to pivot to an area where a truck or container
can be parkedA steel cable attached to the existing support structure could be used to support the
FdzZ2SNRa 2L SYyRo®

Fuel in the metering bin is reclaimed by an auger rotating inside the cylindrical bin. This rotating auge
60Fff SR acCfeéAay3ad 5 drin€iésYhe €l to A secoiidkadger loyakedzindendath the bin.

South ElevatioMetering BIn

—= Air Intake

(summer only)

Metering Bin

ik

////////////

Thisinclineauger feeds the fuel to the biomass boiler. Again, in order to avoid distorting measurements, -~~~ o o

this outfeeding auger should be supported independently and not be directly attathyemt hangng out
of, the metering bin.

The metering bin will have a hatch on the top that allows tpedty fuel tofeedthe plant.

Metering Technology

CLARLA AL AL LLAL AL LAALAALLLALALLAALAAAAAAM

West ElevatiorMetering Bin

Metering Bin

Metering is done by electronic sikrales ass used for agricultural purposes. These can be located under

the feet of the bin or inserted a¢ach ofthe legs.

In order to obtain accurate results, the-feeding auger and the otfeeding augerwill need to be
operated on an alternating basis Usually these augerare equipped with fixedpeed drives that are

switched on and off according to demand. The PLC control will have to take care that the augers are not
operated simultaneously. For this reasdmth augers might have to be sized twice the conveying
capacity required.

35

Compression Load Cell Bolt-on LegStrainSensor

EL L)

Fuel Storage

—11567

Incline Auger
pivots to allow
emptying storage

5505
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FIREBOX BOILERDESIGNS Suspension Burnerno grate
Three distinctly different desigrean beused for the capacitgnd fuelconsidered by BCIT.

Suspension burnerdlow in small wood particleg usually dry shavings from the top or the side The hot
refractory lining radiates enough heat to ignite the shavings as they entendheombustion chamber. All
particles combust entirely while they are airbordeh y & & dzaTh#Sighifioh &yiperature is monitored by
a thermoelement. In the stadup phase the heat required is supplied by an oil or gas burner.

The main advantage of suspension burners are the simplicity of the design requiring nostgater moving
parts.However, suspension burners can only handle particles with an average siz upmal/166 0 ® 2 2 2 R
chips can only basedwith ahammer milling them beforehand. Tlwntinuousnoise impact is nlikely to be
acceptable for BCIT

Pile burners also called oderfeed stokers,stoke fuel from underneath intoretort in the combustion

chamber rather than from above onto a grate. At low fire only a tresigaped retortis filled. As demand for
heat increasesmore fuel is stoked into theetort, piling up in thetrough moving upwardand eventually

overflowingonto a sloped secondary grate.

Pile Burneor underfed stoker burnerg fixed grate

Primary air is supplied from underneath the trough and underneath the secondary grate. The fuel pile burns
off from the top and is replenished from below in the trough. Athhige, the secondary grate also receives
fuel from the top/side.

Pile burners have fixed cast iron grates amthe absence of moving pantsquire lesgnaintenance. As fuel is
delivered from underneath the pilghe stoker is less exposed to high temaemres from the combustion
processCoolingthe stokerwith wateris therefore not required.

The main advantage of pile burners is thia¢re areno moving parts inside the firebox. They are usually-cost
effective solutions for the size of boilers requiradBCIT

Stokerspreadersare upgraded pile burners that employ a ram that pushes fuel onto the secondary grate,
thereby spreading it out. Stokespreaders are a hybrid between a pile burner and a moving grate burner.

Moving grate burnersburn the fuel ona moving grate. The grate sloped stepped, or horizontal. Moving Grate Burner
Reciprocating grates move the fibed forward until the fuel pile is entirely burned out. A laser sensor at the ‘
end of the grate makes sure alinders are completely burned out and only grathas left.

In contrastto pile burners, moving grate burners spread out the fuel over a larger area, maintaining an even
bed of fuel across the grates and exposing more fuel to oxygerabmaing higher moisture fuel to be dried
prior to combustion Thegrate is air and/or water cooled to reduce fire bed temperatures and therewith the
chance of fuel clinkeringlhe continuous movement of the fire bedlsoreduces formation of large clinkers
and ensures they are conveyed to the ash screws whickesgnel to removeclinker

Moving grate burners are designed to handle difficult fuel, such as wet hog fuel with oversize material and
fuel with a tendency tadorm minor clinker.Chemical lab analyse®nductedon BCIT wastandicate that the

ash melting temperatre is not a problem, as long as the individual fractions of the fuel, especially the MDF
and plywood, are well mixed with the remaining wood residli&et, sippliers contacted suggestedhat
becausethe fuel at BCIT contains MDF and plywood a moving grdésignis recommended
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FIREBOXBOILER SPECIFICATION

Most biomass boilers of the size in consideration come as a package with taedootop of the fireboxThe
F2ft26Ay3 LI NI ANILIKE& RSGFAT 1S@& LI NI YS(HSNa

Capacity of the Firebox Boiler

The amount of fuel available at BCIT is far less than what would be needed to supglyidtieg campus
heating system, even during the spring and fall when demendébwer. The constraining factor is fuel
availability rather than heat demandhe combustor andooiler thus willneed to besizedto take the varying
fuel availabilityinto accaunt.

''aAy3 RIFEGFE FNRBY NBOSyi
continuous operatior24/7 this relates tofuel input varying between 12 kg and 42 kg per houssuming a

firebox boiler efficiency of 85% (of Lowdeating Value of the fuel) theorrespondingheat output would be
46 kW to B6KW.

Firebox Boiler Capacity
Fuel availability

Minimum (April)
8,899 kg/month
2,009 kg/week

Maximum (October)
30,043 kg/month
6,784 kg/week

At rated output

33 m3/week

Average fuel consumption 12.4 kg/hour 42 kg/hour 53 kg/hour
Lower Heating Value of fuel 15.9 MJ/kg 15.9 MJ/kg 15.9 MJ/kg
Fuel input 197 MJ/hour 663 MJ/hour 847 MJ/hour

55 kwW 184 kw 235 kw
Firebox boiler efficiency 85% 90% 85%
Boiler output required to burn fuel 46 kW 166 kw 200 kw
Percent of rated output 23% 78% 100%

Biomass boilers are baseload boilers, i.e. they are not made for an ON/OFF type of operation. Especially {ature may only be of use for BCIT in case there are times when fuel supply runs short or, in the future,

refractory inside the combustor would see significant wear dughtrmal expansion and contractioBeing
solid fuel fired, italsotakes more timestartingup a biomass boilersompared toa gas boilerLast not least
emissions are significantly higher during the stapt phase All of these reasons indicate thaizieg the unit
S0 it can operate continuously is important

Biomass boilers have a limited turndown ratio, typically 1:3 for wet fuel, 1:4 for dry (etrsizing the
biomass boiler will result in frequent turoffs during the time of low fuel supply unitrated for 200 kW
would haveto have a turndown ratio of 23%, slightiss than 1:4 to meet the requirements at low faaring

April.

Undersizing the biomass boiler would be hard on the unit tdhen operating at higiire most firebox
boilers are not mde for continuous operation at 100% of the rated output. 720 kW unit, for example,
would wear out faser whenrun at 166 kW or 98% of its ratedoutput continuously. 2200 kW unit, on the
other hand,could operatecontinuouslyat 83% of its rated outputluringmonthsof high fuel supply

Choosing the right boiler capacity will depend on the robustness ofittie A modern lightweight woodchip
boiler designed with a fast response in micah operate less time at high fitean a more traditional heavy
refractorylinedfirebox, and may wear down fasty constantoperation at its rated output.

FY R Sliefiehdidy shtheroblisthésd of tdfedighfls Bestttedbrin?

&St NBQ NIpér mbntizénd BONEnRedzALI A 2 é@era@r{g NhwéHowire B2 k3R Hiel Bnsuinptdn! abfroximatess kWheat output)and high fre

In conclusion it can be said thatfirebox boiley with a rated outEuim the range from 170 1200 kW

R 215ble AnBerf K S

Operation of the Firebox Boiler

Theheating plantwill initially operate during the heating season only (Fsielp to midJune, depending
on outside temperature} i.e. nine month a year. Yeesund operation is planned for thiture, once
there is a demand for heat during the summer time

he unit should be operatedantinuouslywith very few_shutdowns and subsequent cold starts,

(42 kg/h fuel consumptioril66 kW heat outpuy.

Manual cleaning and preventive maintenangleut downs require approximately two to four houo$
labour. Employing a soot blower should allow increasing intervals betweanual boiler cleaningo
every 1000 hours of operationi.e.seventimes a yeatif operated during the heating season only.

Auto-Ignition and Idling Mode

Most biomass boilers come with an adgnition system that starts up the fire by blowing hot air or a
propane flame onto the wood gps. This process takes between a few minutes to a quarter of an hour
depending on the chip size and the moisture content of the fuel. In the case of BCIT an electric blow
torch should be able to ignite the fuel within minutes. Yet, the boiler will takkeast 15 minutes to

warm up entirely and get into a stabile mode of operation.

Advancedcombustiontechnologesinclude a pilot or idling mode that allows feeding just enough fuel
onto the grate to keep the fire going and the combustion chamber warme@eeand picks up or fuel
supplyincreases the unit can quickly ramp up without needing to start the fire with the blow torch. This

if short-term sunmmertime peaks will need to be met.

Automatic Ash Removal

Fuel to be used at BCIT has been chemically tested to have a low ash content of only 0.6% of the dry
wood weightL ¥ O2 YLJX S S fféel wil geNdyag Retweeh 50¢a@i160 kgf ash a monthin

April and Octoberthe months with the lowest and the highest waste volumes, respecti\bst of

this will incur as grate or bottom ash inside the fireborlya small fractiontypically less than 54ill

be carried with the flue gases as fly ash.

For convenience and continuous operation it is recommendethtdude automaticashremovalin the
fireboxdesign Typical sizes of ash dumpsters are 50 to 100slit@pacity making it necessary ®mpty
the dumpster every 3 to 5 weeks in April, every éwery second week in October

Schematic Design RepditCIT Biomass Boiler Plant
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ELECTRONIC CONTROLEJIPMENT The storage fill levatan bemeasured with light switches orwith 0l t f SR &0 A Y RA Ol (2 NH ¢

below. The latter require less maintenance, but are more expendiight switches or bindicators have
a binary output, i.e. only tell jfor if not, the storage is filled to level that they are located at. Several
ﬂ'ﬁ]dicators would have to be placed above eachestin a stacked ordeto be able toassesshe overall
storage fill accuratelyThe angle of repose of the fuel pile will need to be taken into accolime. factors
used to extrapolate from the fill level to the storage contdikely need adjustingn the PLC software

Modern biomass boilers are able to operate at part Ilpadtomatically adjusting their output to the demand

to the heat demand. Additionally the combustion process itself, particularly suppbomibustion air, is
controlled according to flue gas parameters and temperatures. This chapter lies down the control conce
that is required for the unit at BCIT.

Control Loops during the commissioning phase.

The controlof the biomass boiletypically consists out of four interconnectebops with a clear hierarchy — Monitoring the storage fill levelwill increase costs and may be considereverengineering the

The highest level loop is adjusted first, lower level loops in order of tieiarchy.There is feedback from the  system especially for the small unit as under consideratibhe solution that we will ultimately choose

lower to the higher level loops though. will depend on the capability of the PLC that the biomass boiler supplier offers. This will have to be
1. The highest level loojs theoutput control: It controlsthe hot water supply temperaturedy adjusting decided in the procurement stage cooperation with the biomass boiler supplier.

the amount of fuektoked into the fireboxThis assumes that there is enough fuel at all times

2. Subordinate to this is th@xygen trim system The G-content in the fluegases is controlledy
trimming the amount of secodary combustionair suppied. This control loop acts significantly faster
than the higher levebutput ortemperature control.

3. Thecombustiontemperature control loop recognizes changes in moisture content of the fuel and
calculates the sepoint for thehigher level oxygen trim system

4. Negative pressure controlThe fourth control loop makes sure that the negative pressure in the
combustion chamber is kept at the right levssl adjusting the speed of thitue gadan. Bindicator Bindicator Arrangement

Overall Control Capabilities

changing the programmable logic control (PLC). The application at BCIT, howeverstendand in its
requirements, making it necessary tailor the control systento the application at handThe PLCwill
have to monitor the entire plant, not only the biomass boiler itself. Tranitoring equipment andhe
flue-gas filtercanbe controlled independentlthough.

For this project fifth loop shouldbe addedallowingto adjust boiler output to the fuel availability. 1 e [

Output Control |% 3

Biomass boilers areusually operated and controlled according thieat demand i.e. fuel supply is 0 Bindicators
automatically adjusted to meet the demand for heat BCITdemand exceedsupplyduring most of the year o
the demand of NEOWill be above 166 kVéxcept for a few weeksvhen heat will be sent back to the central
boiler plant As a consequence the biomass bowelt run at maximum capacityntil fuel runs out The unit [
will then shut downsending an &rmto the operator notifying her or him of the shutdown. The operator can .
restart the unit upon pressing a butt@nce fuel is available agaifihis will have to be done on site. Il

=

T}
L_F

Becausehe fuel is very drye-ignition and startup will be relatively shortYet, emissions will increase during
the startup phase until the unit is back up to its normal operating temperatlrarder to avoid this ON/OFF £
operation the output may be controlled according to fuel availability rathemttheat demand. This can be

done manually or automatically.

Manual Output Control Integration into the existing Building Management  System

Boiler output and consequently fuel input can be adjuste_d manufﬁhg. operatomwould have to check the fill The control system should communicate with the existing building management system, @BI&)a
Iev<.-:-|.of the storage.sys.t.em once a week and tgrn the bIO!’naSlSI’b.q.l? or gowrlaccqrd|ngt(1 the current.or - Controls_bujldin avtomation systemsCommunication will be twavay only for acknowledging
anticipated fuel availahilityAdjustment of the boller output is done i 1 K5 = O2 y' il N nachiiley’ 5 fwarr‘?in’EH,b&t K% aléfrms. Alarms typically require opéoa intervention, sometimes even restarting

mterfacg |n5|d.e the bqler room. Checking the fuel level in the §tprage wpb.hmc.ularlyeasy if be storage the unit. This may not be done remotely. Operational parameters, however, should be displayed on the
system is equipped with a transparent wall as suggested for training and visibility reasons. Delta BMS

Monitoring Storage Fill Levels A dedicated telephone linshould be installed and connected to a modem inside the control panel.

Alternatively, the fill level of the storage system may be monitored, using this parameter as an input thaThis will allow for servicing and trouble shooting of the plant franK S & dzLJLJ. AReMNGRa 2 F

controls thefuel supply Monitoring the fill level of the metering bin will not be sufficient, as the metering bin diagnostics isa standard for most equipment supplierfechnicians can log into the program, track
only holds fuel for several hours. warnings and error messages, and make changes as require

Schematic Design RepoCIT Biomass Boiler Plant ELECTRONIC CONTROQEIPMENT K&
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FIRE SAFETY Rotary Cell Wheel Alternating Gate Design
Operating in a public or sermublic facility requireshe heating systems to adhere to safety principles, :

particular fire safetyKey issues to watch are back burn preventismoke builelp and dust explosionsThe
latter already presentsaa hazard with the existing dust collection and disposal metiioat should be
reassessed

First Gate

Otherthan oil or gasfired boilers, solid fuefired combustors cannot be easily switched or off. Even when
there is no heat demand anymore, the fuel inside ttombustor needs to be completely burned rather than
left smouldering. Power outages or a failure of the flyaes fan can lead to smoke or fire traveling back from
the combustion area into the fuel supply chain andh the worst case; set the fuel storge on fire. This
requires additional safeguards

Continuously Monitored Negative Pressure Operation
The combustion chamber is operated at a negative pressiyq@cally around-50 Pa thatis continuously
monitored. As a consequence no flgases can escapother than via the smoke stack.lack of a negative

pressurewould allow smoke entering the boiler room. In this caselfsupply to the combustoshould be
stalled triggeringan alarm. Sourcewww.veengle.com

stoker ram

Fuel Cut-Off by Pre-loaded Gate
A fast acting prdoaded gate class in case of power failure, a positive pressure in the combustion chamber, Deluge System

or in case the fire itself out Failure of fire is sensed by a temperature sensor in the smoke stack or the flue o 3 |ast resorthe fuel supply chain can be floodea:water valve connected to city water or a water
gas duct. The preloaded gateusually located at the meteringim- is motor opened, but spring closede. tank opens at elevated temperatures, dousing the metering bin and / or the conweytfor the stoker
closes without electricityn case of a pwer outage. with water. An alarm soursif there is no water pressure at theetlige valve. The valve is temperature

Fire Locks and Sluices actuated and does not require electricity to open.

A fire lock prevents the intake of air when stoking fuel, thereby avoiding unwanted or excess air supply to theprinkler s

combustion chamber. @versely hot flue gases cannot enter the fuel supply chain preventing fire from gprinklers inside the boiler room are uncommon and likely ineffective way of dousing laiSranclear
movingbackinto the auger or the metering bin. whether the building code requires a sprinklestsm for components such as dust collectors. NFPA 664

Thefire lock alsdsolates the conveyor from the stoker. Fuel has to physically drop inttotiebefore being a{ G+ yR k Nﬁ F2NJ U KS t NB@SyilGAazy 2F C A NEB & Fy R 9ELJX
conveyed furtler. This drop serves to prevent amber travelling back into the fuel auger. Before shutting dowrfloes not explicitly demand sprinklers batso suggests a flow rate of 8.15 liter per min per m? of

¢ or once elevated temperatures are detectethe fire lock and stoker screvs completely emptied and its ~ Sprinkled areaAdding water to the dry fuel will result in swelling that could damage the storage bin and
contents entirely burned inside the combustion chaenb the structure supporting the dust extractoA fire inside the fuel storage system is likely best dealt with

. . . . . by restricting air access.
Two designsare common a rotary cell lock has flexible blades driven via the stoker by a covered chain or y g

directly by an electric motor. Unless largely oversized, rotary cell locks can jam and even loose its air Id8gquirements fosprinklers in the boiler room itself are governed by spatial separation requirements of
qualities. Instead some manufacers use a set of two gates that open alternating. Equipped with blades the relevant building code.
these two gates act as a type of guillotine, shearing off excess length wood cltiamkbe size of biomass

boiler in consideration most suppliers only offer rotary cell wheels. Control System

Most PLCs controlling the biomass heating system include alarms that notify the operator. Alarms are
Fuel Stoking usually separated it warnings and alarms that stall operation and require the operator to
Two designs exist for stoking a moving grate burner: augers and hydraulic rams. Hydraulic rams a@eknowledge and fix the problem before operatican be continuedA shutdown button on the
uncommon for small units or units with even sized chips. Augers, on the other hand, are low cost and lo@¢tside of the plant is recommendedo ensurefuel inside the combustors completely burne this
maintenance provided the fuel specificatiom et regarding particle size. Oversize pieces and tramp metal button should only shut down fuel supply, not the entire plant.
can easily jam the auger. A larger diameter auger reduces this tiskcase of a jam, motor overload

protection and reversing the motor are standard features. It is recommended to employger avith a Escape Routes

HANYY 6Mnéo RAFYSGSNID ¢KS 200Faiz2ylt yEAE 2N a0NB%S a0kZhabe SN M2 sdndddiaRk Kl gdssessiblirom edendpeim of theplaRS S & O
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FLUEGASTREATMENT AND EMISSDIN CONTROL

Solid fuels, such as coalrobiomass,need to be converted into a gas before they can be burniud
combustion of biomass is chemically more sophisticated and technically more challenging than burning
fuel that is already a gas, such as natural gas, or that can easily be tatoeal gadike suspension, such

as heating oil.

Secondlydifferent from coal biomass has varying chemical composition, both from specie to specie, a
well as regarding the resins used for composite wood produlte changing and sometimes unknown
chemica and physical propertieadd to the complexity of burning biomass in a clean way.

Modern biomass boilers can combust biomass fuel in a controlled fashion that redubes$ will not

Emission Thresholds f@btaining Subsidies f@iomass Boilers < 300 kW in Austria

J%ir contaminant Concentration in flue gas* Comment
at 11% at8% Q
@)
Partiaulate matter (TPM) 125 mg/sms = 163 mg/sm3 With cyclone only, no filter
”Carbon monoxide (CO) 475 mg/sm?3 = 619 mg/sm3
Nitrogen oxides (NOXx) 250 mg/sm3 = 326 mg/sm3
Organic carbohydrates 55 mg/sm? = 72 mg/sm3 Solidorganic compounds

eliminate emissions. The type and amount of air emissions dependtamm key points: what fuel is
burned and how it is burnedThe following parameters have an impact on the production of standard air
contaminants

The fuel's chemical composition, such as sulfur or chlorine content, mineral type and content;
¢ KS 7T dzSt coateny @wfdelicdaM&burned cleaner than wet fuel;

The combustion temperature and the control of this temperature;

The oxygen supplied and the way this oxygen mixes with the wood gases;

The time wood gases remain in the combustion chamber

The geometnof the combustion chamber;

tKS TANBOSRQaE &A1 S YR Y28SYSylrT

The velocity of the air supplied;

Theflue-gastemperature in theexhaust and chimney.

> > > I I > T D D

Since the fuel to be burned at BCIT was-i&#sted to be very clean, even clean enough to meet European
ClassAl pellet standard, the challenge is reduced to the technology applied and the way the biomass
boiler is operated.Yet,forecasting the type and amount of pollutants that will be emitted into the air shed
is difficultif notimpossible, especially sinclee supplier of the equipment is not known at this stage.

Air Emissions to be expected

What can be stated safely are criteria that European biomass boilers haradttherefore domeet to be
eligible for subsidies. These standards tgater than those mposed by the local ministrgf environment
or whatever legal body is in charge of the air shédl. suppliers contacted within this project have
previously demonstrated that they are able to meet thadlowing official Austrian thresholds using a
varietyof fuel, generallyuel of lesser quality than the pellegrade fuel available at BCIT:

(*at 20° Cand a pressure of 101.325 kPa)

Metro Vancouver Air Quality Requirements
Currently GVRD Bylaw 1087: Biomass Boiler Regulatmtrols the emissions from neagricultural biomass
boilers in the area that Metro Vancouver has jurisdiction.

This bylaws notapplicableto the biomass boiler at BCbEcause / L ¢ Q& ¢l aiS Aa yéauétoC
presence ofesins (n plywoodand MDF). Instead a permitting process has to be undertaken. There are no 1
thresholds for particulates or other criteriaracontaminants the officer in charge may impose any reasonak
emission and emission monitoring requirements. It is likely, however,Blgktw 1087vill beused ad miimimum
NBEIlj dZA NBYSy i ¢

A Total particulate matter < 18 mg/sm3
A Opacity must not exceed’s;

Ve

A Nitrogen oxides < 200 mgh?.

(Thresholds are statedit 8% Qcontent in stack gas corrected to dry conditions at @0and a pressure of 101.325 kPa)

Bylaw 1087 is currently under review,S S { \EplichtdeyCodés andawst 2 y 27fiir B&e ddails. The
particulate matter emission threshold might be changed to 35 mg/sms.

Even withthese relaxedthresholds thebiomass boilemwill likely have to be equipped with a secondary flyses
particulate filter. Various filter technologies are describadtbe next page.

The amount of NQemitted will critically depend on the design of the biomass bodad the possibility to
recirculate cool, oxygen deprived flue gases back into the combustion prdaess\Ox fireboxes are able to
reduceNGQ, emissions A postcombustion treatmenteducingNOxemissions such as an catalytic reduction usi
SNCR technology will be prohibitively expensive to consighel will result in slippage emission of urea ¢
ammonia or whatever agent is used to chemically convertNIia It is strongly recommended to stay away fror.
post combustion treatment for NOx reduction.

It will remain up to the officer in charge to determine what additional requirements BCIT will have to me
order to be issued a permilt should be highligted that the wood residue considered to fuel the biomass boiler
very clean, in terms of chemical compositidean enough to meet the European-alass pellet standard.

ixed
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PARTICULATE FILTERING
Three types offlue-gasfilters are used with biomass boiler of the size and type considered for this project:

Cartridge filters or baghouseare fabric or ceramior steelfilters with smal pores or pathways that allow

gas to pass but particulates to Iséopped. e particulates removed from the flugas are collected on the
outside of the typically cylinder shaped filter media and add to the filtering properties, but also increase
0KS LINBaadzZNE RNRBL) I ONRPaa GKS TFAf (S N ushakyibsa soBtdza (
blower.

A key disadvantagef baghouse filtergs that sparks from the firebox could create a baghouse fire. Fire
resistant filter media, such as Teflon felts, ceramic material or stainless steel reduce this chance, but
unburned carlon that may constitute part of the cake can still catch on fire.

Baghouse or cartridge filters are not recommended when wet biomass is U$esl is aonsiderationif
BCIT choses to test thirdparty fuel in the future Even with dry fuel condensation malpg up the filter.

Cartridge filtesare commonly used for siiar (< 1,000 kW) biomass boilersainly because of their cost.
Above this capacity the increased power consumption of the-flag fan may justify other designs.

Electrostatic precipitatos (ESPfirst spray the fluggas with electrons to charge therand thenthey draw

the gases through a strong electric field between two plates. The negatively charged particles are drawn to
the positive plate where they collect. The cake is occasionathoved by a

rapping device.

ESPs are commonly used for larger installations, but recent proi
development has brought small units to the market.

The mainadvantages of electrostatic precipitators atee reduced fire
hazardand the lower power consumptioof the fluegas fan At the small
size of the installation at BCIT there is little difference in pov
consumption thoughA key disadvantage the size of the filter. The filter
needs to be installed indoorblew smalscale ESPs may be cost competditiv stainless steel baghouses.

Cylindrical electrostatic precipitatoraire a new development with aylindricalgeometryrather than two
electrode plates facing each othdfor stoves they are added the top ofthe chimney. Units for the size
of combusbor required at BCIT they are larger in diameter (0.9 m) ahduld beinstalled inside. They
require lessspacethan other filter designsand arereportedly rather inexpensive. At the time of writing
this reporta Swisproduct was not yet approved for thdorth American market.

From a schematic design point of view all of these technologies can be used. Fabric filters should be
avoided due to fire hazard, particularly ifraoving grate combustor is used. Ceramic and stainless steel
filters have a much loer fire risk, but need effective cake removal systems. The fine pores of ceramic
filters are known to clog up in the lortigrm, resulting in a high pressure drop and increased power
consumption.

Standard &ctrostatic precipitators hava large footprintand require a higher ceiling than cartridge filters
or the new cylindrical ESP§he filter room has been designed to host an ESP as the largest possible piece
of equipment.

Since the filter will have an effect on the operation of the firebox boileis tecommended to discuss the
selection of filtering equipment with the supplier of the biomass boiler.

wori1sa ys éar:r\)tr?dqeq:iﬁer 6S LISNR2RAOL gt%nlesl,\é‘%tge% I\?esh Filter

Source: Mikropul Source: Viessman
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MONITORNG

The plant has been designéal operationas a research facilityparticularly in regards to monitoring of air
emissions Thisdesignincludes the possibility to burn test fuedsd to monitorkey parameters such as fuel
consumption, combustion temperature, heat output and a ramgeir pollutantsat various points of the
flue gasducts As such the plant the design is ready for research and, if need be, could be retrofitted wit
monitoring equipment after the plant has been erected.

SOFdzaS (KS LX Fyd gAff 0dzNY #AsdgbriMetido KancouvarByla@fld8a a A FASR a4 aO2y il YAYl 1SR¢
there will likely be a legal requirement to test emissions from the flue geSiexk testing prts have been
locatedon the horizontal section of the exhaust pipe thaiaccessible from thground level Ports on the
(vertical) chimneyare not included as thewould require a testing platfornwith a railingand an access
ladder.Theground levebports may also be used by students training to become professional stack testers.

The following monitoring points are recommendéat research purposes’ Monitoring should include
access to parameters measurby the boiler control system, such as combaosttemperature and oxygen

content. Boller
output
CEMS CEMS
sampling sampling
point #3 point #2
Fuel metering bin "
Multi Fluegas Filter
Boiler Cyc|0ne 1
(XX,
RN Fluegas
"i%’?f';:'h fan Sampling prts for students and stack tester
= i ..
® ° ° ° ° ® ? ®
N/
Fuel '355% Fluegas Continuous
feed - . flow rate Continuous particulate
0 Firebox w ) monitor
sampler #2 .
= Fine Sampling  continuous CEMS
Coarse Sampling flyash port #1 for  sampler #1 Sampling
flyash port #2 for bin stack point #1
bin stack Ash tester
roduction
E Grate ash Ash tester P
Combustion bin production
temperature L
Ash
production
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Note: All distances in mnr
GENERAL LAYOUT OF THBOILERPLANT
Thefollowing components are part of the biomass boiler plant:

A. The firebox boileris generallya compact design including:

A rotary wheel gate for backfire preventipn Sotireudig v /
The stoker: acrew auger or a ra feeding fuel into the firebox;
A deluge system dousing the stoker in case of elevated temperatures
The combustor including fans providing combustion air
A deashing device removing grate ash from the firebox into anhagiper,
The oiler exchanging heat from the hot flgases to water
A soot blower, pneumatically cleaning the boiler fréignash
A control panel, including the humanachine interface (HMI)

S A A

B. The heating installationincluding:

A boiler shunt maintaining the requideminimum return temperaturg

Safety devices, such as a lewater shut off valve and a pressure relief valve

A heat exchanger (optional, only for indirect connectjon)

An expansion tank compensating for pressure changes due to water being heated umdgptio
only for indirect connection)

A pump revolving the water between the boiler and the heat exchanger(optional, only for indirect
connection)

6. An (underground) heating pipe to and from the arm of the campus heating nefwork

7. A pump extracting water fronthe campus heating supply line, pushing it though the boiler and
back to the campus heating supply line.
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2.
Control Panels visible
from Viewing Area
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C. FluegasTreatment including:

1. A cyclone or multtyclone removing coarse fly ash. This cyclone is not necessarily required if a
large filter is emplogd. It is suggested for research purposes oflyiegases will pass through |

unabatedA T G KS OeOf2yS$0a TFIy Aad A6AGO0KSR 2FF e, 100 HEEETED IS

2. A filter removing finer particulates. This filter can be a cartridge filterao electrostatic | r ?1
precipitator. Ducts leadingto and2 ¥ G KS FAEf GSNJ aK2dzZ R 68 +id | KSAIKGE |GKIk SPRti2ea e
walk underneath without bending T B A A "';L'

3. A fluegas fan, also called an induced draft fan, sucking exhaust from theusior and through SN Sish ==at

b 3500—

combustor. Flue gas recirculation allows controlling the combustion temperature 2rtb@ent Tark ke
of the exhaust, a standard to limit fire bed temperatures.

Py,

Viewing area
: — . . : //fjgzgzgi:;// //C: //<:;i
The drawing to the right is only one of many possible layout arrangements. The exact size, location and

orientation will depend on the land, type and model of biomass boiler and filter purchased. 5994 2500

the filters; T i
4. A fluegas recirculation line renjecting clean but oxygerdeprived flue gases back into the @llil @

D. BEmissionMonitoring andTestingEquipment

Various sens throughout the plant (see page)l
A fluegas sampling system;

A gas analyzer

4. Vaiious ports for emission testing.

w

W N
2500

Y

Schematic Design RepdiCIT Biomass Boiler Plant GENERAL LAYOUT OF THEDILER ROOM [




EXHAUST HANDLINGAND TESTING

Thefollowing components are part of the flegasexhausthandling system:

Flue-gas Fan

A The fluegas fan should be located downstream of the filter, allowiedilter to
operate at a negative pressure.

Flue-gas Recirculation

A In order to control combustion temperature some of the filtereehtises are re
injected back into the firebox. Being deprived of oxygen thesegéses allow
air-cooling the combustioprocessSee drawing on pag® for details.

Ports
Flue-gasducts need to have ports at various locations for the following reasons:

A For official stack tests
A For monitoring purposes
A For training students on the use of official stack testing equipment

Pats are mainlyat eye levelin the horizontal section of the chimney, allowing easy
accesandavoiding scaffolding or additional platforms

Chimney

A The chimney will be attached to teeuth wall of NEO2, close to buildingaee;

A The minimum stack height muge 20 metres above ground level unless
otherwise specified by the district director (Bylaw 108Ris partof the Bylaw
_ may beappliedas a minimum requiremgnt

A The top third of the chimnewill be 7.2 m above the buildingveand will be free

_standing Structural support and/or guy winesght have to be added

AFor a 200 kW unit the chiapprosimaiet200 nsi de
mm (1 Dagggr diameters may be required where there are ports used by the
official stack tester.

A The pressure lesof the chimney is expected to be 36Pa for a smwatled
_ carrier pipe(SourceEcco Supply Ing Burnaby)

A All ducts carrying hot fluggags need to be insulated to avoid condensation and
for safety purposes. 50 mm rock wool with aluminum claddingsisiadard.

Two design options exist for the chimnegoth are technically viable, but Option (b)
below is expected to be less expensive.

Aawmg

/al"ﬁ//
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7249

Insulated chimneynade out of
segmensg

Source Security Chimneys

di ameter

(a) A preinsulated, double walled chimney assembled out of segments. This W||| -
require a supporting bar (e.g. abd for the top third.
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to campus heating___

(b) A single corten steel pipe insulated after erection. The pipe is structurally self pipeline
supporting, as long as it can be securely fastened to the wall.
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ARCHITECTURAL REQUIERMENTS

The following are requirements that will need to kaken into account by the architect to design the plant building(s):

A The chippemill need to have a sounproof enclosure to allow operating it without disturbing classEse fooprint of this
enclosire will be approximatelyd x 4 m or ¥ m2 (170 sft), includingk v nn Y'Y . A faundation and 4 dedestal will
havetobepured ¢ KS OSAf Ay3 aKz2dzZ R Ffft2¢ F2NI I GFff LISNBR2Y G2

The fuel storage wilbe mostly underneath the existing dust extraction system. Hydraulied®rs driving the walking floor
will be located just south of this area, anchored intcm@w concrete foundationto be poured on top of the existing
foundation The fuel storage should haaecover to protect the fuel from the elements and from arson.

The metering bin can be under a roof as long as thissdoa& obstruct access for thixgarty fuel.Due to fire protection rules
laid down in the BC Building Codetmetering bircamot be in the same room as the boiler.

& NBIj dzS & upfaming depaméni thie Boiler househas anl-shapedfootprint with a net floor arezof 56 m? (600
sft). Outside dimensions arerouglyNJ ¢ Y E MH Y O H ndlowaBnceof2M0 ¥ YA Yy ®@fndzR xpy 3 |

A Theboiler needs doundationthat can withholdapproximatelyn G2y y Sa o6y synn €00 2y Thf
FAf GSNDa F2dzyRIGA2Y ¢2dzf R 6S NIGSR F2NJ | YIEAYdzy 27

A The boiler room will need a large door, at least 3.0 m kgt 1.2 m widefor introducing the boiler to the building. This
door will need to beopened forboiler cleaning.

A The boiler will be connected to the existing underground campus heating pipeline. This will require an opening in the
concrete floor and foundation of thieoiler house.

A The boiler shouldoe accessible by maintenance staff ondy;wall separating the boiler from the filter would allow
instructors and possibly studentsaccess to the researcand filter area. Gass walls) would make the boiler visible for
demonstration and training purpose¥he glass walls might have to have a fire ratihgz hour

AcKS 02AfSNI NR2Y aK2df R 08 RSAAIYSR 6AGK

A The minimum ceiling height above the boileraabove the filter is 3.5 m

A Theboiler housewill cover one ofhe office windowsThe walkway corridobetween NEO2 and NE21 will partly blocked
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INTERCONNECTION TOHE CAMPUS HEATING NBWORK
Several options fousing the heat generated by thedmass boiler have beeronsidered

1. Connecting to the existing campus heating pipelisapplying the J. W. Inglis Building, NEO1. The

pipeline passes the potential future location on the west side of NEO2, the Joinery Department,

within 15 metersin a cacrete duct 1.6 m below grade

2. Supplying NEO1 directlyThis would requir@dditional 2x 200 m of pipe paralleling existing pipes.
An initial cost estimate is $200,000 ($1,000 per m of trench). athkors of this reportconsider

this an unnecessary expditure.

3. Supplyingother buildings in sustainability precinctThis requires (a) new district heating pipeline
and (b) retrofit of heating system inside these buildingse Tesign of the biomass boiler plant

should leave thigption open for future implerantation.

Based on the physical location of the biomass boiler plant the favosm&dionis option (1) feeding into

campus heating network. The arsupplying the building.W. Inglis buildingNEO) LI & &4 S &

2y @

west of the future location ofhe biomass boiler planseethe planview drawing on page®and page 2.

Operation of the Campus Heating Pipeline

As mentioned in the prelesign report, currently network temperatures are set to 97°C in the supply line
throughout the heating season; tiern temperatures are typicallg3°C or more, depending on the outside

temperature and consumption of NEO1 and SEO02, the two buildings supplied by the arm of the heatin

network that the biomass boiler would feed into. Both of them only require a maximund°C.

The flow through the pipeline is kept constant and is only adjusted by turning one of the threesfired

pumps in operation off or on as the season becomes warmer or colder. As a consequence the retut

temperature varies throughout the year arden throughout the day.

The existing heat supply of the central boiler plant is unconventional and maybe historically explained b
the fact that the previously existing building substations, especially the heat exchanger were removec

Instead a 3wvay vale was installed to control building levelecondary) supply temperature and anay

valve was added for primary flow contrdl.With this arrangemet surplus hot water at too

high a

temperature is supplied to the building. Excess water supplied is retudirectly to the return by an

uncontrolled bypass. Water that is too hot is then mixed down by adding secondary return water to the

secondary supply side.

Both processes are wasteful in terms of heat losses and pump electricity consumption. Lowering th

supply temperature on the primary side to 75°C would mitigate pipeline heat lcasdsmprove the
efficiency of therecently installedexhaust heat recovery systerhis should be done independently from

the biomass boiler installation.

Lower supply temeratures can be achieved by mixing (colder) primary return water to the hot primary

supply, downstream of the main header, but upstream of the futuranief the biomass boiler.

These retrofits are not a prerequisite for connecting the biomass boiletht® network, but are

recommendedo allow operating the boiler below 100°C.

Status Quo

Retrofit with Biomass Boiler
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Boiler Parameters

The bionass boiler will have to meet the followipgerequisites and design criteria: Summary of the Interconnection Concept

Protection from condensation and subsequent corrosiofeeding the boile with water that is too cold 1 It is recommendedconnecting the biomass boiler as a satellite plarteating up water returned

will result in fluegases condensing. The resulting condensate is extremely acidic and will corrode the from NEO1 and rénjecting it to the supply line of the same arm.

boiler. The problem becomes more pronounced with wet fuelorder to avoid condensation return water 1 During21 days of the year NEO1 is expected to éavdaily average load of Ethan 166 kWOn
should have a miniom temperature of 60°C for dry fuel, 75°C féuel with a moisture content of 50% some of thesalays some of the heat might be returned to the central plant, increasing the return
(wet basis). temperature.

2KAES ./ L¢Qa& FdzSf A& NIGKSNI RNEXZ 6St2¢ wmm: Y2AaidlzNG prasctythe Deilérirom (pdop Waterr quityan ing{recti connecion gith dheat exghangeiis | ¢
be wet. It therefore recommendedettingthe return water temperature to no less than 65°C for dry fuel, recommended

75°C for wet fuelTechnically this is achieved by a boiler shunt andvea@ valve mixing in hot supply 1 Lowering the supply temperaturan the main pipelinefrom currently 97°C down to 75°@ould

water to the return lineThe setting can be changed for the duration of a fuel test. allow operating the biomass boiler at below 95°C at all times. It wouldralsace pipeline heat

losses andower supply temperatures can be achievieginjecting return waterto the supply line
at the boiler house.

1 To avoid corrosion, ®oiler shunt with a temperature controlled-®ay valve should keep the
return temperature into the biomass boiler above 75°C

Reducing tenperature stress On the other hand, the higher the supply temperature the more stress and
wear there will be on the boiler, but also on components, such as valves downstream in the supply line.
For this reason and to stay withiASME Section IV Hot Wate Heating and Supply Boilels is
recommended to constrain the supply temperature to below 95°C.

This design parameter cannot be met when return temperatures exceed 85°C, i.e. during times of low
demand.The minimum return temperature is currently 83°C.

Temperature differential In order to be able to meet the rated boiler output, most suppliers recommend

a temperature spread between the supply and the return of no less than 10°C and no more than 20°C.
Outside of this window the boiler mayot be performngto specification Lower temperature differentials

also require more powerful pumps, resulting in increased electricity consumption.

Applying these three criteria the best solutionnghdrawing some of the water from the return liref the

arm supplyig NEO1 heating it up and subsequently-mgjecting it into the supply line. Removing water

from the supply line and heating this water up is not an option because the water is already close to

boiling (97°C). Eveih the supply temperaturewere as low ag5°G heating up the supply line would be

counterproductive to the goal of reducing pipeline heat losses.

¢CKS o0A2YFaa o02AftSN) g2dd R 2LISNIGS Fa || NBY#éEdS 2N aal (St tAiSe 02AtSNI Ay (KS alyYy$S glé& GKS SEA&GA
boilers are operated. Due to its comparaiy small capacity it can be run at maximum output though.

Connecting to the Campus Heating Pipeline
There are two ways of tying tH@omasdboiler into the heating network:

1. Directly, the way the existing boilers are tied into the network
2. Indirectly, witha heat exchanger between the biomass boiler and the heating pipeline

An indirect connection separates the biomass boligdronicallyfrom the rest of the network. Pressure
fluctuationsor water impuritiesin the heating network would not affect the bionmaboiler and vice versa.

It also protects the boiler should the water in the campus heating pipeline be of poor quality, e.g. corrosive
due to oxygen intak@r contaminated with sediments, welding beads e indirectconnectionwould,
however, require dditional investment needs, mainly for the heat exchanger and additional pump.
Technically there would be some, though minloeat losses at the heat exchanger.

To protect the boiler it is recommended having an indirect connection with a heat exchange
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