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CETC CAMNMET ENERGY TECHNOLOGY CENTRE

Introduction

« eCOGEN group, part of NRCan’s Sustainable Buildings
and Communities

* We work with innovative technologies to reduce energy use
and environmental footprint of buildings

« Working with companies, lead adopters, utilities, NGOs
and academia

 To develop efficient energy systems for homes and
buildings

i+l
. o I Matural Resources Hessources naturelles Canada
Canada Canada 2




CETC CAMNMET ENERGY TECHNOLOGY CENTRE

Concept

 Highest demand and prices for electricity in the summer —
but low demand for heat.

 What can we do with this “free” heat?
« Heat water
« Thermal driven cooling
« Desiccant dehumidification o~ Tough economics
 Thermal storage

 Wait... Ground source heat pump systems are
economically viable

« Can we store cogen waste heat in a system that is already
economic?

i+l
l o I Matural Resources Hessources naturelles Canada
Canada Canada 3



CETC CAMNMET ENERGY TECHNOLOGY CENTRE

BTES Design

* Limited space at our facility

50 m test hole

 Thermal response test

« Existing environmental ground water studies

» Borehole field layout by software developed from TRNSYS
« Simulation to develop operating strategy

« BTES thermal energy to air handler for fresh air supply

* Cogeneration provides space heating
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CETC CAMNMET ENERGY TECHNOLOGY CENTRE

Location geology and hydrology

Ground water table is variable
6 feet of overburden then Sandstone

Fissures —

e 9m

e 15mM

 significant fracture at 45 m

Decision to drill BTES to 40 meters maximum depth
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CETC CAMNMET ENERGY TECHNOLOGY CENTRE

BTES System Description

BTES field:

e 2 concentric areas
e 18 boreholes, 40 m deep

Cogeneration: Ingersoll-Rand
microturbine: 70 kWe, 70kWth

Heat pumps: 2 water to water
units (5 tons each)
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2 Concentric areas, each of 9 wells

40 meters deep, outer holes on a 12
meter diameter

1” PEX U loops in 6” bores

Thermally enhanced grout (Silica +
bentonite)

36 temperature sensors strategically
place throughout the bores

Horizontal piping is insulated
Top of borehole field not insulated

BTES Design
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Operation: 4 seasons, 4 modes

. Summer: Storage of cogen waste heat in
central area and heat pump rejection heat
to outer area

. Fall: Storage of Cogen waste heat and
then direct heat recovery as air
temperature falls

. Winter: Direct heating from central area,
heat pump drawing from outer area. Cold
storage will be done in central area middle
to late Winter

. Spring: Dormant period then direct
cooling with cold central area
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Summer Operation: Heat storage

High grade cogeneration heat is stored in the central area

Fluid is flowing from the centre outwards, keeping the
highest temperatures at the core

Heat pumps reject low grade heat to the outer area
Want to keep COP high for cooling operation

Storage of cogeneration heat can extend well past the
cooling season
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Winter: Heat recovery and cold storage

Flow is reversed to take advantage of BTES temperature
gradient

Heat is recovered directly to the air handler, preheating
fresh air

As BTES storage temperature falls heat pumps are needed
on warm days

Transition to cold storage, transferring BTES heat to
preheating air with fluid circulating from centre outwards

Cogeneration heat goes straight to central heating
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Spring: Dormant period, direct cooling

Only heat demand is hot water. All excess heat from cogen
IS waste.

Cold storage is dormant — losses

Direct cooling on early warm days with fluid circulating from
outside towards the centre

Cooling with heat pumps as BTES temperature
approaches air temperature
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Results

BTES Centre Temperature
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Results

Demonstrated direct heating at greater than heat pump
capacity

Operated heat pumps at greater efficiency and capacity

Cold storage was unsuccessful — more complex controls
needed

Data sets
* Year data set of sampled ever hour

* For selected days, 24 hour data sets of dynamics sampled every 6
minutes
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| essons learned

Avoid series and parallel networks underground — potential
for air lock

More advanced modelling is heeded

Cogen must be run as much as possible for electricity
production. Not only at peak periods

Clean Energy Standard Offer Program (CESOP) has
Improved cogen economics
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Future work

Cold storage experiment. Can seasonal cold storage be
Integrated into the same BTES as seasonal heat
storage”?

Improved modelling: Multiple zone dynamics
Revised economics analysis and operating strategy

|dentify buildings with ideal load profiles for cogen +
BTES

Other applications besides cogen — Buildings with
simultaneous heating and cooling loads
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Other projects

Micro-cogeneration development and demonstrations
Integration of micro-cogen with GSHP

Residential GSHP sized for cooling load with natural gas
peaking

Smart power management:

o Storage

 When to produce?

 When to consume?
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Thank you

 SAIC Canada
o Beatty & Associates Ltd
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