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Nuno Duarte, P.Eng.

BGIS - VP Professional Services

Greg Woodhouse, P.Eng.
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How it Started - Preliminary Carbon Neutral Assessment

* BGIS provided a campus wide Carbon Neutral
assessment and roadmap

* Reviewed all existing buildings accounting for
preliminary plans for the Building 16 renovation

* Determined that some combination of a geo-
exchange heat pump system and renewables were
required to reduce/eliminate the reliance on natural
gas

* BGIS Carbon Neutral Assessment was used to
obtain grants and incentives to undertake this capital
intensive project

BGIS 7>

Enhanced Envelope opportunities were identified to
reduce energy use by 13% at a cost of $2,600,000

Eliminates 66 tons
of carbon emissions

HVAC opportunities, including a ground source heat
pump system, were identified to reduce energy use
by 23% at a cost of $1,120,000

Eliminates 116 tons
of carbon emissions

Lighting opportunities were identified to reduce
energy use by 5% at a cost of $125,000

Eliminates 3 tons of
carbon emissions

Operational opportunities were identified, including
plug load reduction strategies, to reduce energy by
5% at a cost of $100,000

Eliminates 2 tons of
carbon emissions

Biofuel opportunities were identified to reduce
energy use by 4% at a cost of $200,000

Eliminates 23 tons
of carbon emissions

Controls Upgrades and Optimization opportunities
were identified to reduce energy use by 7% at a cost
of $100,000

Eliminates 17 tons
of carbon emissions

Domestic Hot Water opportunities were identified at
a cost of $25,000. No energy savings are realized.

Eliminates 18 tons
of carbon emissions

Solar PV and Thermal opportunities were identified
to reduce energy use by 28% at a cost of $1,900,000

Eliminates 95 tons
of carbon emissions

A Brookfield Company
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Building 16 - Project Goals BGIS)

* Near Carbon Neutral Building

* First step in Near Carbon Neutral Campus

* Promote education in sustainability and renewables via the space
+ Visible system within building

+ Extensive use of renewables

+ Maximize all available funding avenues
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Evergreen Brickworks — Building 16 BGIS)
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Building 16 Load Profile BGIS)

A summary of the building heating and cooling requirements is as follows:
Peak heating load — 1578 kBTU/hr

Peak cooling load — 488 kBTU/hr

Total annual heating demand - 3431 MBTU

Total annual cooling demand — 188 MBTU

Interior Lighting
(124,69, 12%)
Space Cooling

(23.28, 2%)
Heat Rejection
S (781, 1%)
Interior Central Fans
{1386, 1%)
Pumps
(3.37,0%)
Cther Process
(37.82, 4%)

MWh

Space Heating
(799.23,73%)

A Brookfield Company 9



Major Project Obstacles BGIS)

* Uninsulated old brick building
* Uninsulated Roof

* Roof structure

* Heritage building

+ Building directly in flood plane

+ Bore field spatial limitations
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Modelling and Evaluation

* Building modelled using IES
* Loads calculated
+ CFD Analysis
* Dry bulb vs. perceived temperature analysis
* Geo-source Analysis — HGS and Solar Tomorrow
* Preliminary solar thermal investigation
+ Borefield sizing

+ Borefield temp vs. time

Solar Thermal array sizing

NPC analysis

BGIS 7>
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Modelling Phase 1 - IES Model ‘ BGIS)
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Modelling Phase 1 - IES Space Temperature Analysis, CFD Modelling ‘ BGIS)

9.1 Event Space CFD Analysis for RO

9.2 Event Space CFD Analysis for R5

T
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Modelling Phase 1 - IES Space Temperatures

BGIS 7>

Modelling Internal Temperatures:
» The facility would be tempered in the colder months

* Analyzed Dry Bulb and Dry Resultant temperatures of
each space within the facility

* Variables:
* Floor temperature
* Roof insulation R values

6. Zone temperature analysis with radiant floor heating/cooling
and different roof insulation scenario

6.1 Event Space Temperature profile depending on the month and on the roof

insulation.

Event Space Aam Dry Bulb Temperature (°F) Roam Dry Resultant Temperature {°F)
Crocupied Dl hax, B M, D b, D v, DR Max, DR Max,
desired Air fudean, Min, flean, Min, fdearn, bim, Mean, bdin, Mean, Min, Mean, Min,

Maonth Temperature | B0 RS R20 R RS R0
5P [Heating,

Coaling}
66°F(18.9°C), A2TRSECL | SEF11.1°C), | S5F(12.8°C), | 53W1LIC), B2F(16.7°C). BSF[18.3°Ch,
Jaruary &JG'I(é?'E]‘ 36°F2.2°C), A9°F0.4°C), | SEFF(1L.TTCL ATFB.3°CL STF(13.9°C), B2°F[16.7°Ch,
ICFLALE) | AEFREC) | S1F(10.6°C) A1°F{5°C) SIF(11.7°0) | 54tF|azec)
E6F(18.9°C) SZF(1LITC), | 9FISC), | BUFELC) | 62F(1GTC), EEF(20°CY, TOF(21.1°Ch,
Fabruary anerzry | WTTECL | SSTAIT), | BOFUSED). | SSTO2ET, | ENFUTIC, | 6TFI94C,
41°F|5C) | S4F(12.3°C) | SEF(1A.4°C) | SO°F10°C) BIFF(15,6°C) | B4°F|1T.8°C)
G887, STUH13.8°C), | BOCR1S.ETC), | EICR(17.2°C), | GIR(1D.2°C), GTF(19.4°C), | BO°F[20.E°C)
Barch an ﬁ‘l(é?‘ﬂ. SFHILPCL | SHISC, | EXF(LE.YCC), | eOR1SE'C), | BEF(LES'C), | GYF[19.4°C)
B A9THE.A'C] | SETR(1A.4°C) | B1TE(16.1°C) | SPUH13.8°0) E4F(17.8°C) BE'F|189°C)
seFapgg, | SEHCL | OHZLYT, | FOFRLIC, | TIHZLET, | FSERIST, | 752G,

Agril eﬂﬁ'ﬂé?'(]‘ BEF{1ETC], | EF2067C), | BOF(R06°C), | BETHR0MC), TFF(228°C), | TIFRTECH

SETR{14.4"C] | &7°F(13.4°C) BB R{207C) E5F{18.3"C] TI"F(21.7°C) T1F2L7C)

[ — TAFIIAC), | TAF(IIIC), | TAF(IIAC), | TERILEC), TEFIZSEC) | TEF[ISE'TH

nzy s.n.a'rqircf FTIFRLTC), | TER22.8°0), | TEFF228°C0), | 42130, | ISF(239°0), | FSF(E3SNC)

SEF207C] SEF20°C] SEURIONC) | TIRILTC] | TIEI2AT) | 7I'F[218°T)

GEF(18.8°C], BIFRT.2°C), | B1F27.2°C), | BIF(27.2°C), | EXF27.BCI, BIF(ZFBC), | B2F[27.8°Ch

June Bﬂ.ﬁ'[ii?'m TEF25.6°C], | TEF(25.6°C], | TEF(25.6°C), | TIR26.1°C), TEF(26.1°C, TOF[6.1°Ch,

TEOR23.0°C) | TETR(23.5°C) | TETF(23.9°C) TETF{24.4°C) TEF(24.4°0) TEF[24.47C)

GETF(1B.9°0), BLFZT2C), | BLFET2°CI, | BLFET.2TC, | ETRETET, BIF(27.8°CL | B2FIITEND),

duy B:DG'I(&?'E]I FEFZSETC), | TEF(E5.67CL | TEF(RSE°C)L | TYFEELTC), TIFIE6.1°C) TIFA6.1°Ch,

TER239C) | TEF2IEC) | TIF2IAC) TEF{20.4°C) TEF(24.4°C) 76 F| 24 4°C)

P— E3F(28.3°C), | EIF(WAC), | EFF(WATC), | EIFINIT), | BIF(2MIC), | BIFFEIC)

August au.a'r{ircal {2670, | BOPR(RETC), | BOPR(ZEC), | BUPRIRETC), | AO'R(26.7°C), | BOF[25.7%CH

TEFIIC) | TARZIIC) | THF(ZIAC) | FEF2A4T) T6F(24.4°C) TE'Fl24.47C)

BEF[18.8°C) TAF(20.3°C), | FATF(20.3°C), | TACF(23.3°C), | TETR25.67C), FEF(25.6°C), TBFI25.6°Ch,

September anptRape | SYFRNETL | TrER e, | mrRpet, | TrH:2E, | FSERIeC, | FSFRIe,

N GER17.2°C) | SECRH20EMC) | TOR(211°C) | 6SH20.ET) TIF(21.7°C) TIFILTC)

EF(18.9°C) E5F{183C), | BEFI0CC), BEF(20°C), TOF(2L.1°C), T3F(22.8°C, | TIFIZECH

Oeicber BlJG'ﬂ;i?‘l',ll B4TFLT.EC), | ETF(19.4°C), | ETF(19.47C), EEF20°C), TIF(2LIC), TITF21.7°Ch

GIF{16.7°C) | B6F(18.9°C) | ESTF(18.9°C) | ETUR{19.4°C) | FOCF(RLAC) | FOFZLATCH

E6E(18.5°C) Sa'F{13.2°C), | eXF(16.FC), | E5F(18.3°C), | e2'H11.2°C), ESFLZ0C), FOF215E,

November su.a'rti'.l‘n' SITH11.2°C), | BRI, | BXFL2C), SSH15°C), BFF(19.4°C), | BY°F[208°CH,
43°HE.A'C] | BOUR(1S.E'C) | BITF(17.2°C) | S8°F{13.3°0) ESF(18.3°C) BEFL30°C)

seraperc, | S5N7ZC, | SUFIRET, | SEFILTC. | SIRILTC, | SEF(AAC, | SUFASEC,

Becember a0 G'Né?'l:] AFETCL | SITLNGTC), | SFF(1LTC), | SEWILLN, SEF(L4A'C), | BOTF[I36°Ch

B 45°F6.1°C] SIF(10.E°C) | SIF(1L.77C) ST F[13.5°C) G0°F[15.67C)

Worst day of rpmaen, | 2HLITCL | STHSECL | ST, S3F(11.7°C), | SEF133%C),

theyearin | o ooy | BFFREE, | AURSTD), | 45T, SFF(1170), | S6F(13.3°C),

heating S2FIE] 41°F|5"C) 457F(7.2°C1 45°F{7.2°C) S3F(1L7"C) SE'F|13.57C)

‘Worst day of B6F(18.5°C), ETHANGETT], | ETFEMETC), | ATFAMETC), EHTHIAC], BEFI0C), HE"F[30C),

thee year in s.n.a‘qir‘l:] EXF28.3°C), | EXFH20.3°C), | BXF28.3°C), | ER20.3'C), | BI'F(28.3°C), | BITF[2RINC),

cooling 7H25%E| THH{25" TIHIS'E) | TEHGEC) | TER(ISET) | PRUR[2S6C)
Diafinition af Dry rasuliant: The Dry Resultant 5 the tamperatuna in °F falt by tha occupant if we take inte consideration both the air

dry bull temperatune and the radiant surfsces heating o cocling effex,

Jany
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Modelling Phase 2 - Solar Thermal Analysis

- BGIS»

Solar Thermal Modelling: Can we do this without a borefield?

Solar thermal

collectors

BTES loop with water

Storage — water
equivalent of
BTES

Solar loop with
glyeol

Solar thermal energy to the system [Qsol]

Energy to heat
ﬂ ! ! ! ! U the building

kWh

B0O0D

GO0

50000

F0O0T

20000

10000

QEHH

7,04

1s...

Jun

..... No, we NEED storage.

Number of 2.65 m” thermal collectors 300
Collector gross area 792 m*

Total annual field yield to the system 448,300 kWh
Weight of collectar 49kg

Total weight 14,700 kg
Price (300 collectors, roof mounting hardware, inter-collector fittings) $229,000
Estimated number of 70 m (~225 ft) deep boreholes 52

Value of natural gas saved annually (@ $0.25/m’) §13,300

€0, annual savings 91 ton

A Brookfield Company
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Modelling Phase 3 - Geo-Exchange Analysis — HGS Software and Consulting BGIS)

1.1. Description of tasks

HGS has performed the following tasks:
e Analysis of the building energy simulation results provided by Brookfield engineers
e (Calculations confirming ground thermal imbalance, and the need for auxiliary heating
e Finite-element simulation to determine the thermal response of the ground
e Development of a system optimization algorithm to compute COP and financial projections
e Computation of solar energy flow into the ground for varying number of solar thermal panels
e Determination of system COP and financial projections for varying number of solar panels

Solar Thermal Modelling: Can we do this without Solar Thermal?.....NO! We NEED heat.

Table 1. Summary of projected costs and system failure time for varying number of solar panels

# of Projected System
Panels 20-year NPC 40-year NPC Failure Time
0 $2,111,000 $6,889,000 In year 1
50 $1,976,000 $6,052,000 In year 2
100 51,879,000 $5,291,000 In year 4
150 $1,805,000 54,641,000 In year 7
200 $1,745,000 $4,113,000 In year 32
225 $1,719,000 $3,882,000 N/A
250 $1,699,000 $3,682,000 N/A
275 $1,680,000 $3,509,000 N/A
300 $1,666,000 $3,362,000 N/A

A Brookfield Company
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Modelling Phase 3 - Geo-Exchange Analysis — HGS Software and Consulting

* NPC Analysis

Table 3. Comparative analysis for costs associated with varying numbers of solar panels

BGIS 7>

4. Avg. 5. Avg.
1. #of 2'CP:‘S:e| I-slejt\:ﬁg Annual Annual 6.20-year | 7.20-year | 8.40-year 9.sziflitim
panels Elec. Cost | Elec. Cost | NPC(5.12) | NPC($.17) | NPC(5.12) )
Installed cop Time
($.12) (5.17)
0 $0.00 2.69 $105,569 | $149,556 | $2,111,000 | $2,991,000 | $6,889,000 year 1
50 $120,450 2.94 $92,753 | $131,400 | $1,976,000 | $2,748,000 | $6,052,000 year 2
100 $240,900 3.16 $81,907 | $116,035 | $1,879,000 | $2,562,000 | $5,291,000 year 4
150 $341,962 3.36 $73,148 | $103,626 | $1,805,000 | $2,414,000 | $4,641,000 year 7
200 $430,100 3.54 $65,746 $93,140 | $1,745,000 | $2,293,000 | $4,113,000 | year32
225 $469,322 3.62 $62,473 $88,503 | $1,719,000 | $2,239,000 | $3,882,000 N/A
250 $505,313 3.69 559,693 $84,565 | $1,699,000 | $2,197,000 | $3,682,000 N/A
275 $538,072 3.75 $57,092 $80,880 | $1,680,000 | $2,156,000 | $3,509,000 N/A
300 $567,600 3.81 $54,906 $77,783 | $1,666,000 | $2,123,000 | $3,362,000 N/A

20-year NPC
$2,500,000

SZJUOD,OUO \NQ%—Q

$1,500,000

$1,000,000

Net Present Costs

$500,000

$0
0 50 100 150 200 250 300 350

Number of Panels
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Modelling Phase 3 - Geo-Exchange Analysis — HGS Software and Consulting ‘ BGIS)

-+ Bore Field Temperature vs. Time

Borehole Midpoint Temperature with 260 Panels

14

12

Temperature (°C)

0 5 10 15 20 25 30 35 40 45
Time - Starting Mov 1 (years)
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Building System Overview BGIS)

* Low temperature radiant floor heating and cooling
+ Fan-assist natural ventilation

* Two 60 ton heat pumps

* 40 hole borefield

+ 260 panel solar thermal array, 8000 sqft

+ 100% OA ventilation unit w/ enthalpy wheel

* Natural gas boiler back up
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Geo-Exchange and Solar Thermal BGIS)
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Borefield Limitations ‘ BGIS)
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System Schematic
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BGIS 7>
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Carbon Neutral Results ‘ BGIS)

Yearly Total Yearly Total Yearly Carbon

Opti Yaarly ;Earljr::.luturnl Enargy E c a ad
ption as m | nergy Cost  Generat
Electricity (kWh} i) ”:‘;ﬁﬁ (5) (eCO2tons)

Proposed mmmmmp [ESECENN IEIEIXCENTIN [ESEXERAT] NEGECN EEIENN HIEEEES

. 200 000 KWh B0 000 m3 (4 4200000 3184 000 688 eCO2ons
Avoided — mm—) “ mununuwjh] kWh

338 000 kWh 59 500 m3 (6256 963 000 $114 000 120 eCOZons
000 =kWh) ak¥Wh

Ciur modelling shows thal Oplion A, the proposed building design wsing our salar thermal
ground source solution has the lowest carbon ouiput.

* Projected Annual Carbon Emittance Avoided = 647 tons

« Projected Annual Cost Avoidance = $63,000
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Lessons Learned BGIS)

* Know what you don’t know...Bring in reinforcements!
*  You can'’t turn off Solar Thermal
* Large scale Solar Thermal is unchartered territory...Plan accordingly

* Work with a build team you can trust:
* Geosource Energy
» Ellis Don

* Engie Multitech
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