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ENERGY DIMENSIONSENERGY DIMENSIONS

EnergyEnergy isis aa keykey itemitem inin ourour relationsrelations withwith thethe environmentenvironment..
EnergyEnergy consumptionconsumption determinesdetermines howhow muchmuch andand howhow severelyseverely wewe
cancan affectaffect ourour environment,environment, andand howhow damagingdamaging oror healinghealing ourourg gg g gg
interactionsinteractions withwith itit areare..
ItsIts rolerole isis vitalvital forfor ourour lifelife andand forfor ourour economyeconomy.. ExamplesExamples areare::

inin homeshomes forfor lighting,lighting, domesticdomestic appliances,appliances, televisions,televisions, computers,computers,
ttetcetc.;.;

inin factoriesfactories toto powerpower thethe manufacturemanufacture ofof thethe productsproducts wewe useuse
everydayeveryday;; andand
inin cars,cars, trucks,trucks, shipsships andand aeroplanesaeroplanes toto transporttransport peoplepeople andand goodsgoods..inin cars,cars, trucks,trucks, shipsships andand aeroplanesaeroplanes toto transporttransport peoplepeople andand goodsgoods..

EnergyEnergy issuesissues willwill shapeshape thethe futurefuture andand futurefuture policiespolicies..
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3E + 1P = ?3E + 1P = ?
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Effects of Global WarmingEffects of Global Warming

66

Source: UN

Some recent catastrophic events: Cyclones in Bangladesh (>10,000 casualties)Some recent catastrophic events: Cyclones in Bangladesh (>10,000 casualties) and and 
Burma (>20,000 casualties)!Burma (>20,000 casualties)!



http://news nationalgeographic com/news/2004/12/photogalleries/� Warm temperatures melted 

Is it global warming or global warning?

http://news.nationalgeographic.com/news/2004/12/photogalleries/
global_warming/photo9.html

p
an area of western Antarctica 
that adds up to the size of California 
in January 2005, scientists report.

19281928
South Cascade Glacier, WashingtonSouth Cascade Glacier, Washington

19791979
South Cascade Glacier, WashingtonSouth Cascade Glacier, Washington

20032003
South Cascade Glacier, WashingtonSouth Cascade Glacier, Washington

F Evidence of melting was found up to 900 km 

77

F Evidence of melting was found up to 900 km 
inland from the open ocean, farther than 85º 
south (about 500 km from the South Pole) 
and higher than 2 km above sea level.



Before

Now

Before

htt //tiki ld t/f t / l b l i ht lhttp://tiki.oneworld.net/features/global_warming.html
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SUSTAINABILITY DIMENSIONSUSTAINABILITY DIMENSION
Think, Use, and Live sustainable Sustainable future

SustainableSustainable developmentdevelopment withinwithin aa societysociety requiresrequires aa supplysupply ofof energyenergy
resourcesresources that,that, inin thethe longlong term,term, isis readilyreadily andand sustainablysustainably availableavailable atat
reasonablereasonable costcost andand cancan bebe utilizedutilized forfor allall requiredrequired taskstasks withoutwithout causingcausing
negativenegative societalsocietal impactsimpacts..

ItIt requiresrequires thatthat energyenergy resourcesresources bebe usedused asas efficientlyefficiently asas possiblepossible..

1010
Factors impacting sustainable development, and their interdependences.Factors impacting sustainable development, and their interdependences.



Renewables Sustainable Development. 
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Key Items for Sustainable Energy SystemsKey Items for Sustainable Energy Systems

ConsistencyConsistency:: ShortShort termterm actionsactions shouldshould bebe compatiblecompatible
withwith longlong--termterm goalsgoals andand thethe viabilityviability ofof thethe systemsystem..

RenewablesRenewables:: SystemsSystems shouldshould dependdepend onon energyenergy efficientefficient
andand costcost effectiveeffective renewablerenewable sources,sources, andand operateoperate usingusing
environmentallyenvironmentally benignbenign technologiestechnologiesenvironmentallyenvironmentally benignbenign technologiestechnologies..

DiversityDiversity:: SystemsSystems shouldshould bebe adaptableadaptable forfor distinctdistinct
characteristicscharacteristics andand capabilitiescapabilities ofof thethe componentscomponents..characteristicscharacteristics andand capabilitiescapabilities ofof thethe componentscomponents..

EfficiencyEfficiency:: AllAll elementselements shouldshould bebe analyzed,analyzed, designeddesigned
andand improvedimproved basedbased onon thethe 22ndnd lawlaw analysisanalysis ((exergyexergy))..pp yy (( gygy))

InclusivenessInclusiveness:: AllAll elementselements shouldshould bebe includedincluded inin anan
efficientefficient andand effectiveeffective operationoperation ofof thethe systemsystem..

InterdependencyInterdependency:: AllAll elementselements shouldshould bebe wellwell interconnectedinterconnected..



PRESCRIPTIONPRESCRIPTION
Changing lifestyle and habits
Makin  s stems and applicati ns m re effective and efficientMaking systems and applications more effective and efficient
Using environmentally benign and cleaner technologies
Using renewable and green energy
Implementing hydrogen and fuel cell technologiesp g y g g
Conserving energy
Diversifying energy options
Purchasing more efficient appliances
Gi i  p i it  t  dist i t  s st ms d ti

Something is 
wrong here!

Giving priority to district energy systems and cogeneration
Providing proper education and training
Making energy systems and applications more environmentally benign
Using more cost effective energy systems and applicationsg gy y pp
Seeking alternative energy dimensions for transportation
Using sustainable fuels
Increasing public awareness
T ki    it   Taking necessary energy security measures 
Monitoring and evaluating energy indicators
Implementing right energy strategies and policies 
(avoid side effects!)

1313

( )
etc.

☛ More sustainable FUTURE………
Side effects??



HOW TO CURE THE PROBLEM?HOW TO CURE THE PROBLEM?

by by
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We need to change our diet!
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RESEARCH DIMENSIONS RESEARCH DIMENSIONS 

T h lTechnology

S i tE SocietyEconomy

Research
in 

SustainableSustainable
Energy Public

Acceptance 
Environment

Policies 
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Sustainabilityand
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MAIN PILLARSMAIN PILLARS

BetterBetter efficiencyefficiency

BetterBetter costcost effectivenesseffectivenessBetterBetter costcost effectivenesseffectiveness

BetterBetter resourcesresources useuse

BetterBetter designdesign andand analysisanalysis

BetterBetter environmentenvironmentBetterBetter environmentenvironment

BetterBetter sustainabilitysustainability

BetterBetter energyenergy securitysecurity
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RESEARCH CHALLENGESRESEARCH CHALLENGES

Al sAl s c mp tinc mp tin instinst m s lfm s lf::AlwaysAlways competingcompeting againstagainst myselfmyself::
ToTo improveimprove levellevel ofof mymy achievementachievement
ToTo dodo betterbetter andand betterbetter byby workingworking onon newnew challengeschallengesToTo dodo betterbetter andand betterbetter byby workingworking onon newnew challengeschallenges
ToTo deliverdeliver tangibletangible outcomesoutcomes
ToTo equip/encourage/motivateequip/encourage/motivate mymy HQPHQP toto gogo beyondbeyond theirtheir limit,limit,

ddandand
ToTo playplay aa leadershipleadership rolerole inin thethe internationalinternational communitycommunity

TASKS

Tangible HQP Leadership

1919

Results



SOME SUSTAINABLE RESEARCH PROJECTS/TOPICSSOME SUSTAINABLE RESEARCH PROJECTS/TOPICS
NovelNovel solarsolar dishdish systemssystems forfor multimulti--generationgeneration purposespurposes
AmmoniaAmmonia asas aa sustainablesustainable fuelfuel andand HH22 sourcesource
NovelNovel windwind exergyexergy andand solarsolar mapsmaps
LifeLife cyclecycle assessmentassessmentyy
SolarSolar hydrogenhydrogen systemssystems
GeothermalGeothermal basedbased hydrogenhydrogen systemssystems
COCO22 capturingcapturing fromfrom atmosphereatmosphere andand flueflue gases,gases, andand storagestorageCOCO22 capturingcapturing fromfrom atmosphereatmosphere andand flueflue gases,gases, andand storagestorage
BiomassBiomass--basedbased hydrogenhydrogen productionproduction systemssystems
HybridHybrid renewablerenewable hydrogenhydrogen productionproduction systemssystems
IntegratedIntegrated powerpower andand FCFC systemssystemsIntegratedIntegrated powerpower andand FCFC systemssystems
NewNew FCFC designsdesigns andand configurationsconfigurations forfor implemntationimplemntation
AmmoniaAmmonia fuelfuel cellscells
DMFCsDMFCs forfor micromicro andand portableportable devicesdevicesDMFCsDMFCs forfor micromicro andand portableportable devicesdevices
MCFCsMCFCs forfor powerpower productionproduction
RotatingRotating reactorreactor typetype CLCCLC systemsystem forfor zerozero emissionsemissions
HH SOFCSOFC tt ff d tid ti

2020

H+H+ SOFCSOFC systemssystems forfor powerpower productionproduction
NuclearNuclear basedbased hydrogenhydrogen productionproduction
etcetc..



Novel Solar Dish Systems for Poly-Generation

Components:
1) Solar collector

• Solar concentrator
• Solar receiver

SunSun
Grid connected system

• Solar receiver
2) Expander
3) Resorber
4) Ammonia-water pump

DesorberDesorber

5) Electrical generator
6) Solar tracking system
7) Inverter
8) Warm water storage

Power
Out

~

Power
Out

~
8) Warm water storage

Hot
Water

Resorber

Heating
Hot

Water

Resorber

Heating
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Collector Unit:

Novel Conceptual DesignsNovel Conceptual Designs
Collector Unit:
• Mirror Dish
• Receiver Unit

Mirror DishMirror Dish

Squared Dish Rounded Dish

Receiver Unit

Once ThroughEvacuated Tube
C R i

g
Receiver

(Design 4,
Assembly III)

Receiver
(Design 2,

Assembly I)

Cone Receiver
(Design 3,

Assembly II)
2222



Novelties  to be PatentedNovelties  to be Patented
Solar receiversSolar receivers

Cone Cone receiverreceiver
Cavity receiverCavity receiver
Nozzle receiverNozzle receiver
Evacuated Evacuated tube tube type cylindrical receivertype cylindrical receiver

Heat Heat engine: engine: Using ammoniaUsing ammonia--water and scroll or screw expander and water and scroll or screw expander and 
system regulation through ammonia concentrationsystem regulation through ammonia concentration adjustmentadjustmentsystem regulation through ammonia concentration system regulation through ammonia concentration adjustmentadjustment

Overall system: Overall system: including the square dish, ammonia water heat engine, including the square dish, ammonia water heat engine, 
and either the cone or the cavity receiverand either the cone or the cavity receiveryy

2323



Transitional and Permanent SolutionsTransitional and Permanent Solutions

HYDROGENFossil Fuel Era HYDROGEN 
ECONOMY

NH3 and H2 from NH3

Key items:
• Policies
• Models
• Performance tools
• Technologies
• Infrastructure• Infrastructure
• Commercialization
• etc.

2424



Ammonia as a Sustainable Fuel and HAmmonia as a Sustainable Fuel and H22 SourceSource

90%

100%

Current and future market shares of NH3 and H2 from NH3
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NH3 and H2 vehicles
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Hydrogen Economy ConceptHydrogen Economy Concept

MJ286O21H)O(H 222 ++→l)( 222

Hydrogen is an ideal synthetic fuel. However, implementing a global
hydrogen economy currently appears to be non-feasible unless suitable
p ducti n dist ibuti n nd st t chn l i s f und!

2626

production, distribution and storage technologies are found!



Ammonia as Fuel, HAmmonia as Fuel, H22 Source, Refrigerant, Source, Refrigerant, 
Working Fluid, Working Fluid, NOxNOx Reduction Agent, etc.Reduction Agent, etc.

Primary
Energy and 

CO2, O2

H2, N2
Makeup gas

Distribution

Direct use of
Ammonia as fuel

Or
Partial or total

Catalytic
reactor

Refrigerated

Hydrogen
synthesis

materials Infrastructure
(already 
existent)

Fueling
station

Partial or total
Reforming to H2

NH3

Purge
gas

Ammonia 
storage

NH3NH3 condenser
synthesis

NH3 storage
@ 8 bar

1 mole of ammonia contains 1.5 moles of hydrogen that
is 17.8% by weight or 108 kgH2/m3 stored in liquid
ammonia at 20oC and 8.6 bar.

The density is 4 times higher than that of the most
advanced storage methods in metal hydrides which reach
at most 25 kgH2/m3at most 25 kgH2/m .

High octane rate: 130.

It can thermally be cracked into hydrogen and
nitrogen

NH3

2727

nitrogen.

Promoting ammonia as a zero-CO2 emitting fuel is an
attractive and sustainable solution!



Case study: Comparison of Present and Future!Case study: Comparison of Present and Future!

AirNOx
reduction

H2O
CO2

Gasoline 

Gasoline-ICE

reduction
70 l / 1 bar

7-800 km @ 5-6 $/100 kmTank: 8-10 l / 100km

H2 tank
217 l / 345 bar

Air

H2O

NOx
reduction

H2-ICE

217 l / 345 barreduction

300 km @ 8 $/100 kmTank: 73 l / 100km

Air

H2O

NOx
reduction

NH3-H2-ICE

NH3 tank 
80 l / 10 bar

2828

450 km @ 1.25 $/100 kmTank: 18 l / 100km

80 l / 10 bar



Why NHWhy NH33??
1 mole of NH3 has 1 5 moles of hydrogen or1 mole of NH3 has 1.5 moles of hydrogen or

17 kg of NH3 stores 3 kg of hydrogen.

NH3 is refrigerant, working fluid and a NOx reduction agent.
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What about energy delivered to the shaft?What about energy delivered to the shaft?
We multiply the energy in tank with the engine efficiency!We multiply the energy in tank with the engine efficiency!

Assume; a hydrogen engine efficiency of 50% and a gasoline engine efficiency of 25%.
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NHNH33 vs Other Optionsvs Other Options

Fuel/Storage P 

[bar]

Density 

[kg/m3]

HHV 

[MJ/kg]

Energy 

Density

Specific 

volumetric

Specific 

energetic[bar] [kg/m3] [MJ/kg] Density 

[GJ/m3] 

volumetric 

cost [$/m3] 

energetic

Cost [$/GJ] 

Gasoline,C8H18/Liquid tank 1 736 46.7 34.4 1000 29.1 

CNG,CH4/Integrated Storage System 250 188 55.5 10.4 400 38.3 

LPG,C3H8/Presurized tank 14 388 48.9 19.0 542 28.5 

Metanol,CH3OH/Liquid tank 1 749 15.2 11.4 693 60.9, q

Hydrogen,H2/Methal hydrides 14 25 142 3.6 125 35.2 

Ammonia/Pressurized tank 10 603 22.5 13.6 181 13.3 

Ammonia,NH3/Metal amines 1 610 17.1 10.4 183 17.5 
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Question:Question:
What happens if HWhat happens if H22 for a Hfor a H22--ICE car is reformed from NHICE car is reformed from NH33??What happens if HWhat happens if H22 for a Hfor a H22 ICE car is reformed from NHICE car is reformed from NH33??

Parameter Unit H2 fuel H2 from NH3 as fuel

Storage tank volume liter 217 76

Storage pressure bar 345 10Storage pressure bar 345 10

Energy on-board MJ 710 1025

Cost of full tank $ 25 14

Driving range km 298 450

Driving cost $/100km 8.4 1.25

Tank Compactness Liter/100km 73 18

3232



A Novel Integrated System for Propulsion, Power, Heating, 
Cooling (and NOx reduction) in Vehicles

H2

ICE7 8
H2

ICE7 8

1. NH3 tank thermally insulated
2. modulated throttling valve
3. evaporator for indirect engine cooling
4 NH3 pre-heater

vapor

Ammonia Tank

ICE

Ai
r

7 8

9
vapor

Ammonia Tank

ICE

Ai
r

7 8

9

4. NH3 pre heater
5. NH3 heater
6. NH3 Decomposition and Separation Unit (DSU) 
7. hydrogen buffer
8. adapted ICE with hydrogen injection system
9. nitrogen turbineAmmonia Tank

liquid

Throttling
Air-in

A

1 56

10 13 14

Ammonia Tank
liquid

Throttling
Air-in

A

1 56

10 13 14

10. exhaust gas turbine
11. selective catalytic reductor (SCR) for

NOx reduction with NH3
12. heat recovery heat exchanger
13. turbine driven fan
14 d i d i l d h t h

Ammonia

Throttling
valve

SCR

2

3 4
11

Ammonia

Throttling
valve

SCR

2

3 4
11

14. downsized air-cooled heat exchanger
15. coolant circulation pump

fuel

H ti
Exhaust

12
fuel

H ti
Exhaust

12

3333

Heating

15

Heating

15



Better Solutions for Vehicles with NHBetter Solutions for Vehicles with NH33

NH3 as 
Sustainable 

and Cost 
Effective 

T t tiTransportation 
Fuel

Internal
Combustion

Engines

Fuel-Cell
Systems

R f ti &
Direct NH3
Fuel-cell

Direct feeding 
with NH3

Reformation
of NH3 to H2

NH3 thermal
decomposition
and separation

NH3
electrolysis

Reformation &
separation
for pure H2

3434



Station Lat. (Deg.) Long. (Deg.) Altitude (m)

Atikokan 48.45 91.37 395

Big Trout Lake 53.50 89.52 220

To develop new To develop new 
((spatiospatio--temporal) wind temporal) wind 
exergyexergy mapsmaps

Dryden Airport 49.50 92.45 413

Kapuskasing 49.25 82.28 227

Kenora 49.47 94.22 407

Topographical Topographical 
characteristics of selected characteristics of selected 
meteorological stations in meteorological stations in 

exergyexergy mapsmaps

Kingston 44.13 76.36 93

London 43.02 81.09 278

Moosonee 51.16 80.39 10

N th B 46 21 79 26 358

meteorological stations in meteorological stations in 
Ontario. Ontario. 

•• WindchillWindchill effecteffect
North Bay 46.21 79.26 358

Ottawa 45.19 75.40 116

Red Lake 51.04 93.48 375

Simcoe 46 29 84 30 187

•• Data for a 100 kW wind Data for a 100 kW wind 
power system (rotor power system (rotor 
diameter: 18 m, hub height: diameter: 18 m, hub height: 
30 m  cut30 m  cut--in and cutin and cut--out out Simcoe 46.29 84.30 187

Sault Ste Marie 42.51 80.16 241

Sioux Lookout 50.07 91.54 398

Sudbury 46.37 80.48 348

30 m, cut30 m, cut in and cutin and cut out out 
wind speeds: 3.5 and 21 m/swind speeds: 3.5 and 21 m/s

•• Maps and performance Maps and performance 
investigation for 21 investigation for 21 y

Thunder Bay 48.22 89.19 199

Timmins 48.34 81.22 295

Toronto Pearson 43.40 79.38 173

investigation for 21 investigation for 21 
locationslocations

•• Using 30 year average Using 30 year average 
data for analysisdata for analysis

3535

Trenton 44.07 77.32 85

Wiarton 44.45 81.06 222

Windsor 42.16 82.58 190

data for analysisdata for analysis



Wind Speed Variation for JanuaryWind Speed Variation for January

8.0

9.0

10.0

4.0

5.0

6.0

7.0

3.0

Low wind speeds are observed in the east and north parts of Ontario in January. The
monthly minimum average value observed in Atikokan is below the typical wind-turbine cut-

3636

monthly minimum average value observed in Atikokan is below the typical wind-turbine cut-
in wind speed and as a result there is no electricity generation. The monthly maximum
average wind speed observed in southwestern Ontario is 9-10 m/s



0.4

0.4

0.5Energy efficiencies for JanuaryEnergy efficiencies for January

0.2

0.3

0.3

0.3

0.0

0.1

0.1

0.2

Since the average wind speed is below the cut-in wind speed in Atikokan, the station energy efficiency is
At l i d d ffi i i hi h b t thi d t th t t th l th i d

3737

zero. At low wind speeds, efficiencies are high, but this does not mean that at these values the wind
turbine is more efficient than rated for that wind speed. Rather, it means that the generated electricity is
low and also the potential of wind energy is low at these wind speeds. As a result, the ratio between
generated electricity and potential energy is high.
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ExergyExergy efficiencies for Januaryefficiencies for January

0.2

0.3

0.3

0.3

0.0

0.1

0.1

0.2

TheThe samesame observationsobservations applyapply forfor exergyexergy and,and, inin addition,addition, thethe contourscontours forfor exergyexergy efficiencyefficiency areare seenseen toto

3838

bebe lowerlower thanthan thosethose forfor energyenergy efficiencyefficiency forfor allall regionsregions.. TheThe averageaverage exergyexergy efficiencyefficiency valuevalue isis 4040%%..
ThisThis exergyexergy mapmap allowsallows interpolationinterpolation toto bebe usedused toto estimateestimate parameterparameter valuesvalues inin regionsregions forfor whichwhich therethere
areare nono measuredmeasured datadata.. Hence,Hence, thisthis kindkind ofof mapmap cancan bebe usedused forfor practicalpractical engineeringengineering applicationsapplications..



CONCLUSIONS

FindFind i hti ht d ctd ct ndnd tt i hti ht p sc ipti np sc ipti n ff cu !cu !FindFind aa rightright doctordoctor andand getget aa rightright prescriptionprescription forfor cure!cure!
ChangeChange thethe diet!diet!
CC dd ththConserveConserve energyenergy andand otherother resourcesresources..
DiversifyDiversify energyenergy optionsoptions.. DoDo notnot relyrely onon oneone source!source!
HydrogenHydrogen economyeconomy asas aa partpart ofof solutionsolution..
AmmoniaAmmonia asas aa potentialpotential fuelfuel andand hydrogenhydrogen sourcesource..
ImplementImplement rightright energyenergy policiespolicies andand strategies!strategies!
EmployEmploy sustainablesustainable energyenergy systemssystems toto helphelp overcomeovercome
l c ll c l ndnd l b ll b l pr blemspr blemslocallocal andand globalglobal problemsproblems..
LimitLimit politicalpolitical dimensionsdimensions inin decisiondecision makingmaking processprocess..
UU liflif ll tt ff l tl t 33 DD i t !i t !

3939

UseUse lifelife cyclecycle assessmentassessment forfor aa completecomplete 33--DD picture!picture!



DedicationDedication
To my Family and my HQP (HLP)To my Family and my HQP (HLP)
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