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The values will compute whether the 
wind or solar maps are visible, but it 
helps to move the sliders all the way to 
the right on the 1st Tab to see where 
there is more or less energy. Low and 
high energy is output on the Colour 
Legends on the 1st Tab, along with a 
numerical output for wind, solar, and 
tidal. 

 

Optionally, turn off the HRM layer 
with the checkbox on the 4th Tab, to 
hide the Green HRM section of the 
map, so that it is easier to view the 
wind and solar maps. 

 
Hovering the mouse over the dark red 
regions of the wind map demonstrate 
that the FCEV Equations are 
constantly recalculating (on a timer at 
regular intervals), and see how the 
same wind turbine would be able to 
power significantly more Hydrogen 
vehicles at locations like these than 
low wind areas on the map. 

 
A simple change in the editable MW 
box (all parts with boxes in these 
equations are user editable) to 1000 
MW, to represent an offshore wind 
farm, really demonstrates just how 
many FCEVs could be powered 
annually. Since the wind is 
comparably strong offshore this is a 
reasonable example, but elevation 
would play a definitive factor on wind 
characteristics that is not covered with 
this basic method. 
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4. Timeline 

Caption Screen 
The Timeline Tab is a conventional 
method to not only select the year 
viewed, but also animate the 
historical and eventually future 
developments played like a movie 
clip. 

 

The year selected, or current frame, 
is visible over the associated target 
reticule. This red reticule may be 
clicked and while holding down, 
dragged to a new year. 

 

Skipping to the end or beginning of 
the timeline, or simply playing the 
years is achieved with standard 
controls. 

 

These are a unique way to indicate 
normal play back speed, or to go 
faster or slower. 

 

Clicking anything on the right side 
of the middle blue block will play 
back faster than normal. While 
clicking any blue block on the left 
side will play slower than normal. 
Simply click on the middle block to 
return to normal speed. 

 

On both the far left, and far right, 
there are a left and right arrow. 
These enable going ahead or back 
frame by frame. 

 

 

  



 
 

178 

5. Green HRM 

Caption Screen 
The Green HRM area is a helpful way 
to zoom in and see the area where 
approximately half of Nova Scotia’s 
population resides. 

 
Once you click to zoom (one level of 
zoom only), the 4th Tab checkbox 
options changes to suit the new data 
layers. The data for HRM polygon 
came from HRMOpenData, including 
roads and building footprints.  

 
Similarly to the main map, both wind 
and solar maps can be displayed. Used 
in conjunction with buildings and 
roads we can get a general idea of 
where possible wind farms may be far 
enough away from populated areas 
and in a suitable wind regime. 
Offshore is not included with the 
particular Nova Scotia Wind Atlas 
data that I utilized.  

Gasoline and diesel fuel stations can 
be viewed in blue, with partial data for 
HRM. This sets the stage to 
demonstrate how many fill up points 
are necessary, and would be required 
similarly with Hydrogen fuel, since 
tank fill ups and the range of distance 
are about the same. Using BEVs 
would require a very different set up, 
with plugins at home and work and 
other public parking places. 

 

Finally, to exit the HRM region, 
simply click the X to zoom out back to 
the full Nova Scotia Energy Map. 
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6.3.1 Proof of Concept - Add Plant Feature – D6: 

Presently the D6 feature, known as the “Add Plant” feature, has been built and is 

online. A simple but critical component is utilizing the Lat/Long equations that I created 

for translating x, y coordinates on the energy map into matching Lat/Long coordinates so 

when the wind farm/turbine is placed on the map it correctly sources the associated CWA 

wind histogram dataset. Next it processes that data together with the selected make and 

model of the wind turbines at that new user defined wind farm, to compute the simple 

GWh the wind farm would produce on an average year. 

 
Figure 103: Add Power Plant Feature 

A hub height equation was added to this feature, along with the ability to directly 

type in the Lat/Long coordinates and have the WF/WT appear at the correct location on 

the map. The following quote describes a wind energy hub height equation: 

“Wind Energy Converter: WEC power is calculated based on measured wind 

speed data, imported as a time series of average speeds for the duration of the 
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time step. The wind speed data must be correlated to the proper height of the 

WEC being modeled. This is accomplished using the wind shear power law:” 

 
Figure 104: Hub Height Calculation 

“Where Uhub and Uanem are the wind speeds at the WEC hub height (Zhub) and the 

data collection height (Zanem), and α is the wind shear coefficient specific to the 

WEC site. The values of α used in the case studies are: 0.2 for the micro-grid case 

study (assumed based on the coastal terrain), and 0.325 for the constrained case 

study. The extractable power from the wind is a function of air density, ρα, its 

stream-speed, U, the turbine area, AWEC, and power coefficient, CWEC.”  

(Manchester, 2014) 

Both the wind turbine database of 270 turbines is available from a drop down list 

in the prototype, as well as a list of 2000 Solar PV panels, along with the tidal turbines 

database of 23 turbines. Both CAES and H2ES are generalized, i.e. not technology 

specific to date, as there are many variations, so far these sections have working 

interfaces built, but eventually will need to be tied in with “linking” energy storage with 

WWS to demonstrate capacity factor improvements with later versions of the energy 

map. Please refer to the https://www.youtube.com/watch?v=Yojk-vL2YR8 YouTube 

video for a quick walkthrough of the Add Plant feature in action.  

https://www.youtube.com/watch?v=Yojk-vL2YR8
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6.4 How to Implement Potential Features G1-G7 

This section describes ongoing work on the NSEM after the timeframe of the 

thesis. The first potential feature (G3) involves adding a transportation icon to the Add 

Plant feature, with BEV and FCEV technologies listed, acting as Energy Storage 

similarly to that option but specialized for vehicles and V2G; also the new overall sub-

feature is including general economics and material intensity per MW installed capacity, 

along with highlighting general individual and biodiversity effects of technology 

operations and mitigation strategies. The other two involve Forecast.io nowcasted (G1) 24 

hour, at 1 minute interval resolutions and possibly a five day wind speed forecast, where 

nowcasted energy production will be displayed. The second part of that feature (G2) is to 

allow users to enable or disable weather parameters, such as, temperature, pressure, 

humidity, and hub height with the existing wind turbines at each already built wind farm. 

The option may be available to swap wind turbines to see if they would perform better in 

terms of energy performance or not over the same period. 

Eventually I plan to add four more ‘features’. The first one (G4) covering 

Forecast.io wind histograms and wind roses, which can be implemented using the classes 

I mentioned earlier, that still need to be brought to full functionality. The second one (G5) 

involves creating the CWA wind roses and wind histograms from existing datasets. The 

third one (G6) involves expanding to include the rest of Atlantic Canadian provinces: NB, 

PE, and NL, which will simply involve applying the same method to create the Nova 

Scotia Energy Map with the appropriate data for each. The final planned feature to date 

(G7) will make use of the existing Line Graph class but modify it heavily and resize the 

display to fit the viewing area to visualize the GWh and GHG progression over the years.  
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Chapter 7: Conclusions and Future Work 
7.1 Thesis Summary 

In summary, it was asked at the beginning of this research whether “we can 

decarbonize our economy and improve our technologic level.” The answer is a 

resounding “yes we can.” There are many variations in the implementation and 

technology niches for each province depending on their renewable resources, first and 

foremost, but also by the energy requirements of each region. The two strongest 

motivators for making progress towards this 2030 decarbonization end are:  

i) The prevention of a 3 degree Celsius average temperature rise with 

expected negative climate change impacts on our current energy heading 

and with that the devastation of 30% of the planet’s species which are 

currently on the path to extinction with the status quo. 

ii) The vastly improved urban air quality changes from switching to Battery 

electric and also Hydrogen electric transportation, and additionally not 

having to rely on fossil fuel thermal plants in populated areas when so 

many proven technologies exist already and are improving each year. 

The economic case that I worked through by hand and then validated with the 

EnergyPLAN model indicates either a similar but slightly lower annual fuel cost in the 

Nova Scotia first category, or if focused on exporting to our neighbours, we could 

become a strong regional energy exporter and with ongoing investment even be able to 

make a healthy net income in the process, depending on loan interest rates. We will 

definitely improve our energy security by simply making it all within our province, but 
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we should always consider that all renewable energy technologies, however green-the-

moniker requires substantial mining for base materials, future technology developments 

aside, while encompassing extensive manufacturing and transportation costs to initially 

get everything set up. 

With the knowledge that decarbonization is achievable, beneficial, inspiring to 

each of the generations taking part, motivating, and practically just using good common 

sense; I look forward to the ever increasing individual and societal energy system 

awareness within the framework of a healthy environment, economy, and society that 

will march forward with all the possibilities thereafter. 

It is up to all the stakeholders, for each and every one of us who is interested in 

energy and how it is used, to discover their niche where we can help each other find the 

skills through training and create permanent career opportunities. I sincerely urge the 

readers that in doing so we will improve quality of life in terms of environmental and 

health benefits, by following global best practices to implement a serious decarbonization 

plan as soon as possible to protect our shared future. 

7.2 Objectives Achieved 

Over the period of the research I began to have hope, because there were many 

people working on solutions to our pending energy and climate crisis. I can now 

confidently state that decarbonization is technically and economically realistic. This to 

me is a significant conclusion in itself. 
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With the collection of data and visualizations presented in the form of the Nova 

Scotia Energy Map, I have drastically improved my own understanding of our provincial 

energy. I feel like the feedback regarding the map from a number of people over the years 

has made the concept of “Energy System Awareness” more salient; in that it is actually 

helping academics and members of the general public quickly get up to speed on 

provincial energy resources and production. 

Running the EnergyPLAN model was a milestone mark, as it took a fair amount 

of data to utilize. The trials run demonstrate that there are many ways to shape our energy 

future, and running batches to test for optimization points on the multi-level solution 

curves would be a significant next step for further refining the research. 

The Add Plant prototype has been publically released as of December 2015, I am 

confident this proof of concept will continue to grow after the thesis is finished. The 

introduction to creating an interface for this basic level of gamification was a challenge, 

and has given me renewed appreciation for video game designers and developers. The 

Forecast.io nowcasted wind speed feature has not been implemented due to time 

constraints. 

7.3 Future Plans 

This section describes possible plans with the energy map evolution into an easier 

to use on multiple platforms educational tool. That will eventually expand to include 

Atlantic Canadian provinces in its scope. 
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7.3.1 Responsive Design 

I intend to eventually port the Flash based ActionScript3 over to HTML5 with 

JavaScript as the main language, so that finally it will be easy to access on both smart 

phones and tablets; as of right now it is limited to mouse-only interactivity on large 

enough screens such as laptops and desktops. Using optimized hardware level language 

would also improve processing times not having to embed the Flash based map itself, so 

the potential to use Android and iOS specific apps is something I am open to learning. 

7.3.2 Atlantic Canadian Mapping Potential 

All the major data has been collected for Atlantic Canada in terms of power 

plants, provincial energy flows, renewable resource maps (except NL wind), with the 

exception of easily accessed hourly system data for each of NB, PE, and NL. Following a 

similar process to how the NS energy map was created, it would be significantly faster to 

develop the other provinces’ maps within a reasonable timeframe. One interesting 

possible feature will be to include EnergyPLAN along with the map as a background 

processing tool, whereas when using the Add Plant Feature, the user will be able to run 

basic simulations and determine whether they should build more or less power plants or 

implement other energy measures.  

 

Finally, thank you for reading. May the wind, sun, and tides forever keep us 

moving forward as we walk a little softer on the Earth. 
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Appendix A: Burnside PV Potential 
Burnside Solar Energy Potential 

1.2 Million Square meters of Roof Area, 669 buildings, average 42.5 square meters per 
building. (HRM OpenData, 2013) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 105: Burnside Solar PV Potential 
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Appendix B: Feature Timeline 
    

ESTIMATE ACTUAL BEGIN DEADLINE 

ID Current/Fix/Update/Remove/New Features: STATUS DAYS HRS HRs DATE DATE 

1 
Renewable Resource Maps: 
Wind (30,50,80 meters), Solar, Tidal 100%   

  
Prior 

2 FCEV powered annually calculations 100%   
  

2014 

3 Wind Farm Maps (any wind farm greater than 4 units) 100%   
  

Prior 

4 
Hydropower, Tidal, Wind, Biomass, Combustion, Coal, 
Planned Plants 100%   

  
30/12/2015 

5 Pie Chart of power plant categories and shaded by units 100%   
  

Prior 

6 Interactive Line Chart of personal power use estimator 100%   
  

Prior 

7 Calculator of energy use and cost 100%   
  

prior 

8 

HRM 
Zoom in map 
Building polygons image, road networks, power lines 100%   Unk 

 
01/01/2014 

17 

Biomass broken! 26.2MW should be 3.2MW in HRM 
zoom: PieChart 
Newglasgow and middlemusquodoboit? 
OR brooklyn/sackville/MM? 100%   1    01/01/2014 

14 FCEV wind calculation curve for ideal turbine 100% 2.25 18 35 06/05/2014 21/08/2014 

24 
Latitude-Longitude Dynamic PowerPlant Population  
-With database 100% 3 24 28 09/05/2014 22/08/2014 

25 
Green planned units will dynamically update to normal 
colour once current computer/server date is met 100% 0.5 4 8 05/08/2014 23/08/2014 

26 User added Plants 100% 5 40 28 13/05/2014 30/12/2015 

38 Maritime Link Transmission Line 100% 1 8 
 

15/10/2014 16/10/2014 

23 Database of products? Wind, Solar, Tidal 100% 10 48       80 14/02/2015 09/03/2015 
Table 26: Only includes completed Features Timeline (any significant features are in Future Plans)
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Appendix C: Wind Farm Data 

Units Model makeN 
num 
N 

Unit 
RC N Output Name 

Built/ 
Added 

turb 
_id Company Lat Long hub 

17 Vestas V80 
 

1.8 30.6 Pubnico Point 2004 229 FPL ENERGY 43.603 65.804 78 

1 Turbowinds T-600-48 
 

0.6 0.6 Little Brook 2002 202 NSP 44.298 66.097 50 

1 EWT DW52 
 

0.9 0.9 Tiverton 2006 73 
Renewable Energy 
Developers Inc 44.407 66.189 50 

20 
General 
Electric 

GE 1.5 
sle 

 
1.5 30 Digby Neck 2010 94 NSP 44.597 65.949 80 

1 Enercon E48 
 

0.8 0.8 Digby 2006 58 RESL 44.649 65.799 50 

1 Turbowinds T-600-48 
 

0.6 0.6 Goodwood 2005 202 RESL 44.607 63.678 50 

1 Turbowinds T-600-48 
 

0.6 0.6 Brookfield 2005 202 RESL 45.267 63.252 50 

3 Vensys V62 
 

1.2 3.6 Higgins Mtn 2007 208 
Renewable Energy 
Developers Inc 45.576 63.617 69 

2 
Vensys; 
EWT 

V62; 
DW52 1;1 

1.2; 
0.9 2.1 Springhill 

2005; 
2006 208; 73 

Renewable Energy 
Developers Inc 45.611 64.024 69; 50 

15 
Suzlon 
Energy S97 

 
2.1 31.5 Amherst 2012 199 

Renewable Energy 
Developers Inc 45.828 64.248 90 

1 Enercon E48 
 

0.8 0.8 

Tatamagouche-
RiverJohn/ 
Marshville 2006 58 RESL 45.757 63.102 50 

22 Enercon E82 
 

2.3 50.6 Nuttby Mtn 2010 63 NSP 45.561 63.225 78 

34 
General 
Electric 

GE 1.5 
sle 

 
1.5 51 Dalhousie Mtn 2009 94 RMS Energy 45.577 62.971 80 

1 Enercon E48 
 

0.8 0.8 Spiddle Hill 2011 58 

Colchester-
Cumberland Wind 
Field Inc 45.616 63.192 50 

2 Enercon E48 
 

0.8 1.6 Fitzpatrick Mtn 2006 58 Shear Wind 45.627 62.898 50 

1 Vensys V77 
 

1.5 1.5 Watt Section 2011 210 
Watts Wind Energy 
Inc 44.899 62.471 85 

27 Enercon E82 
 

2.3 62.1 Glen Dhu 2011 63 Shear Wind Inc. 45.667 62.229 78 

4 Vensys  V77 
 

1.5 6 Maryvale 2010 210 Maryvale Wind 45.729 62.065 85 
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12 Enercon E48,E82 1;11 
0.8;2.
05 23.4 Point Tupper 

2006; 
2010 58;63 RESL/NSP 45.571 61.311 50; 78 

1 Vestas V-47 660 
 

0.66 0.66 Grand Etang 2002 224 NSP 46.549 61.038 50 

8 Enercon 
E70,E70;
E82;E82 

4,1;
2;1 

2.3,2.
03; 
2.3;2.
3 18.19 Lingan 

2006; 
2007 
;2012 

61; 60; 
63; 63 

Renewable Energy 
Developers Inc 46.241 60.039 

64, 64; 
78; 78 

1 Enercon E48 
 

0.8 0.8 Glace Bay 2005 58 
Renewable Energy 
Developers Inc 46.218 59.981 50 

1 Enercon E48 
 

0.8 0.8 Donkin 2005 58 
Renewable Energy 
Developers Inc 46.185 59.897 50 

1 Vestas V100 
 

2 2 
Parker 
Mountain 2014 241 Scotian Windfields 44.795 65.498 100 

12 
Suzlon 
Energy S95 

 
2.1 25.2 

Hampton Mtn-
GranvilleFerry 2012 263 

Renewable Energy 
Developers Inc 44.884 65.299 80 

34 Acciona 
AW3000-
116 

 
3 102 South Canoe 2015 13 

Oxford Frozen Foods 
+Minas Basin Pulp/ 
NSP 44.768 64.345 92 

12 Siemens 
SWT 2.3 
113 

 
2.3 27.6 Pugwash 2014 264 

Atlantic Wind Power 
Corp 45.857 63.619 99.5 

30 
General 
Electric 

GE 1.68 - 
80.5 

 
1.68 50.4 

Clydesdale 
Ridge 2014 265 

Clydesdale Ridge 
Wind LP 45.562 63.046 80 

1 Enercon E82 
 

2.3 2.3 Irish Mtn 2014 63 Black River Wind 45.493 62.624 78 

2 Enercon E82 
 

2.3 4.6 Fairmont 2014 63 Wind Prospect Inc. 45.682 61.987 78 

6 Enercon E82 
 

2.3 13.8 Sable Wind 2015 63 
Municipality of 
Guysborough 45.318 60.997 78 

1 Enercon E82 
 

2.3 2.3 Creignish Rear 2014 63 Black River Wind 45.726 61.42 78 

1 Enercon E82 
 

2.3 2.3 
South Cape 
Mabou 2014 63 Black River Wind 46.126 61.399 78 

Table 27: Wind Farm Data for Nova Scotia (not including 41 ComFIT projects) 
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Appendix D: Personal Transport CanESS 
Units in PJ  Average 25%  
Oil Domestic Use Conversion Losses Useful Energy: Avg 9.42 Year 

37 28 9 24.32% 2010 
36 27 9 25.00% 2009 
40 30 10 25.00% 2008 
38 29 10 26.32% 2007 
40 30 10 25.00% 2006 
40 30 10 25.00% 2005 
40 30 10 25.00% 2004 
39 30 10 25.64% 2003 
39 29 10 25.64% 2002 
38 28 9 23.68% 2001 
39 29 10 25.64% 2000 
40 30 10 25.00% 1999 
39 29 10 25.64% 1998 
38 28 9 23.68% 1997 
38 28 9 23.68% 1996 
38 28 9 23.68% 1995 
37 27 9 24.32% 1994 
36 27 9 25.00% 1993 
35 26 9 25.71% 1992 
34 26 9 26.47% 1991 
37 28 9 24.32% 1990 
36 27 9 25.00% 1989 
37 28 9 24.32% 1988 
36 27 9 25.00% 1987 
35 27 9 25.71% 1986 
36 27 9 25.00% 1985 
36 27 9 25.00% 1984 
35 26 9 25.71% 1983 
37 28 9 24.32% 1982 
39 29 10 25.64% 1981 
40 30 10 25.00% 1980 
40 30 10 25.00% 1979 
39 29 10 25.64% 1978 

Table 28: Personal Transport Primary Energy in PJ CanESS 2010 
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Appendix E: H2 Fuel Cell Power Plants and EROI 

 

 

Figure 106: Fuel cells and electrolysers in future energy systems: (Mathiesen, 2008) page 24 
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Figure 107: Hydrogen Potential from WSB Renewable Resources USA – NREL 

https://maps.nrel.gov/hydra/  
This is a tool used to view Wind, Solar, and Biomass resource potential in the 
production capacity maps with multiple layered options that can be selected. 

 
 
 

https://maps.nrel.gov/hydra/


 
 

213 

 
Figure 108: Energy Return on Investment values (EROI) – wind is higher than conventional oil and coal 

http://www.nature.com/scientificamerican/journal/v308/n4/box/scientificamerican0
413-58_BX2.html  

http://www.nature.com/scientificamerican/journal/v308/n4/box/scientificamerican0413-58_BX2.html
http://www.nature.com/scientificamerican/journal/v308/n4/box/scientificamerican0413-58_BX2.html
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Appendix F: H2 Fuel Cell Transportation 

 
Table 29: Hydrogen Pathway Capital Costs - Supply Chain Assessment Part I - S. Locke Bogart 2002 
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Table 30: Hydrogen Pathway Capital Costs - Supply Chain Assessment Part II - S. Locke Bogart 2002 
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Table 31: Hydrogen Pathway Capital Costs Average Cost per Watt - S. Locke Bogart 2002 
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Appendix G: Potential Tidal Current Energy 

 

Figure 109: Map of Potential Tidal Power Resources (MW) – Triton Consultants 2006 
http://www.marinerenewables.ca/wp-content/uploads/2012/11/Canada-Ocean-Energy-

Atlas-Phase-1-Potential-Tidal-Current-Energy-Resources-Analysis-Background.pdf  

  

http://www.marinerenewables.ca/wp-content/uploads/2012/11/Canada-Ocean-Energy-Atlas-Phase-1-Potential-Tidal-Current-Energy-Resources-Analysis-Background.pdf
http://www.marinerenewables.ca/wp-content/uploads/2012/11/Canada-Ocean-Energy-Atlas-Phase-1-Potential-Tidal-Current-Energy-Resources-Analysis-Background.pdf
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Appendix H: ESR – NS Energy Futures 

 

Figure 110: Electricity System Review NS Energy Futures 2014-2040 
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Appendix I: BEV, FCEV, and FFOV 
Fuel Tank Exercise: Based on the Fuel Tank Size and Fuel Efficiency  

A. What are the ranges of your assigned vehicles? 

Nissan Leaf 
24kWh Battery 
2.0 Le/100km (115 mpg) [0.198 kWh/km] 
Range ________ km EPA 
  
Honda Civic 
50 Liter (13.2 Gallon) 
7.1 L/100 km (33 mpg) 
Range ________ km EPA 

 
Tesla Model S 
85kWh Battery 
2.64 Le/100 km (89 mpg) [0.197 
kWh/km] 
Range ________ km EPA   
Ford F150 2.7L EcoBoost V6 
136 Liter (26 Gallon) Gasoline Fuel Tank 
10.7 L/100 km (22 mpg) 
Range ________ km EPA  

 
Toyota Mirai 
5kg Hydrogen Fuel Tank @ 70 MPa 
(10,000 psi) equivalent to 19.62 L 
gasoline 
1.6 kWh Battery 
3.02 Le/100 km (60 mpg) [0.7692kg 
H2/100km] 
Range ________ km EPA 

 

Hyundai ix35 
5.94 kg Hydrogen Fuel Tank @ 70 MPa 
(10,000 psi) equivalent to 23.34 L 
gasoline 
24 kWh Battery 
3.6 Le/100 km (65.3 mpg) [1 kg 
H2/100km] 
Range ________ km EPA  

 

 

Note: Le stands for Liters Equivalent (to Gasoline) in terms of energy content. 
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Answer Sheet: 
Average Vehicle Travel: 16,600 km annually. 

BEVs 
Nissan Leaf 
24kWh Battery 
2.0 Le/100km (115 mpg) [0.198 kWh/km] 
Range 121km EPA 
Annual Fuel Costs: $467 
  
Tesla Model S 
85kWh Battery 
2.64 Le/100 km (89 mpg) [0.197 kWh/km] 
Range 431km EPA 
Annual Fuel Costs: $464 

Chevy Volt 
17kWh Battery 
2.5 Le/100 km (112 mpg) [0.279 kWh/km] all 
electric mode 
3.9 Le/100 km (72 mpg) gasoline-electric mode 
610 km Total Range:  61km Electric Range EPA  
Annual Fuel Costs: Assume 80% driving uses 
electric, and 20% uses gasoline 
$526 for electricity, and $388 for gasoline  
 Total: $914 

  

FCEVs 
Toyota Mirai 
5kg Hydrogen Fuel Tank @ 70 MPa (10,000 psi) 
equivalent to 19.62 L gasoline 
1.6 kWh Battery 
3.02 Le/100 km (60 mpg) [0.7692kg 
H2/100km] 
Range 650km EPA 
Annual Fuel Costs:  
128 kg H2 @ $4/kg  $510 
128 kg H2 @ $8/kg  $1021 

Hyundai ix35 
5.94 kg Hydrogen Fuel Tank @ 70 MPa (10,000 
psi) equivalent to 23.34 L gasoline 
24 kWh Battery 
3.6 Le/100 km (65.3 mpg) [1 kg H2/100km] 
Range 594km 
Annual Fuel Costs:  
166 kg H2 @ $4/kg  $664 
166 kg H2 @ $8/kg  $1328 

 

 

FFOVs 
Honda Civic 
50 Liter (13.2 Gallon) 
7.1 L/100 km (33 mpg) 
Range 704 km, Annual Fuel Costs: 1178 L @ $1.3/L  $1533, or 1178 L @ $1.45/L  $1710 
  
Ford F150 2.7L EcoBoost V6 
136 Liter (26 Gallon) Gasoline Fuel Tank 
10.7 L/100 km (22 mpg) 
Range 1271 km, Annual Fuel Costs: 1776 L @ $1.3/L  $2309, or 1776 L @ $1.45/L  $2575 
 

*Fuel Tank Exercise created by Jacob Thompson 2015. 
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Appendix J: NREL PV Efficiency 
 

 

Figure 111: NREL Solar PV Efficiency Improvements from 1975 to 2015  
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Appendix K: eCO2 Thermal Plants NS 
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rt

  
Ha

w
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sb
ur

y 

1965 
    

0.5 
        

1966 
    

0.7 
        

1967 
    

0.9 
      

0.01 
 

1968 
    

1.0 
      

0.01 
 

1969 
  

1.0 
 

1.0 
      

0.01 
 

1970 
  

1.3 
 

1.0 
      

0.01 
 

1971 
  

1.4 
 

1.0 0.07 
     

0.01 0.01 

1972 
  

1.9 
 

1.0 0.14 
     

0.01 0.01 

1973 
  

1.9 
 

1.2 0.14 
     

0.01 0.01 

1974 
  

2.1 0.0 1.2 0.14 
     

0.01 0.01 

1975 
  

2.2 0.0 1.2 0.09 
 

0.05 
   

0.01 0.01 

1976 
  

2.2 0.0 1.2 0.02 0.01 0.05 
   

0.01 0.01 

1977 
  

2.6 0.0 1.2 0.02 0.07 0.01 
   

0.01 0.01 

1978 1.4 
 

3.1 0.0 0.3 0.02 0.00 0.05 
   

0.01 0.01 

1979 1.3 
 

2.7 0.1 0.1 0.02 0.00 0.05 
   

0.01 0.01 

1980 2.3 
 

2.3 0.1 0.1 0.02 0.00 0.05 
   

0.01 0.01 

1981 2.9 
 

1.9 0.0 0.1 0.02 0.00 0.05 
   

0.01 0.01 

1982 3.0 
 

2.0 0.0 0.1 0.02 0.00 0.03 
   

0.01 0.01 

1983 2.9 
 

2.0 0.0 0.1 0.02 0.00 0.05 
   

0.01 0.01 

1984 3.3 
 

2.2 0.0 0.1 0.02 0.00 0.05 
   

0.01 0.01 

1985 3.5 
 

2.3 0.0 0.1 0.02 0.00 0.04 
   

0.01 0.01 

1986 3.8 
 

2.6 0.0 0.1 0.01 0.00 0.01 
   

0.01 0.01 

1987 4.0 
 

1.7 1.0 0.1 0.02 0.06 0.02 
   

0.01 0.01 

1988 4.1 
 

1.7 1.0 0.1 0.02 0.09 0.05 
   

0.01 0.01 

1989 4.3 
 

1.8 1.1 0.1 0.02 0.06 0.02 
   

0.01 0.01 

1990 4.6 
 

1.9 1.2 0.1 0.02 0.06 0.03 
   

0.01 0.01 

1991 4.3 
 

1.8 1.1 0.1 0.02 0.06 0.04 
   

0.01 0.01 

1992 5.0 
 

2.1 1.2 0.1 0.02 0.06 0.03 
   

0.01 0.01 

1993 4.8 
 

2.0 1.2 0.1 0.02 0.06 0.04 
   

0.01 0.01 

1994 3.1 1.2 2.3 1.2 0.1 0.02 0.06 0.04 
   

0.01 0.01 

1995 3.1 1.2 2.3 1.2 0.1 0.04 0.15 0.07 0.011 
 

0.0007 0.01 0.01 

1996 2.9 1.1 2.2 1.1 0.1 0.03 0.08 0.07 0.011 
 

0.0007 0.01 0.02 

1997 3.0 1.1 2.3 1.1 0.1 0.03 0.08 0.07 0.011 
 

0.0007 0.01 0.02 
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1998 3.2 1.2 2.0 1.6 0.1 0.03 0.07 0.02 0.011 
 

0.0007 0.01 0.02 

1999 3.5 1.3 2.2 1.8 0.1 0.02 0.03 0.02 0.004 
 

0.0007 0.01 0.01 

2000 3.5 1.3 2.2 1.7 0.1 0.01 0.06 0.03 0.004 
 

0.0007 0.01 0.02 

2001 3.4 1.3 2.2 1.7 0.1 0.04 0.07 0.07 0.004 
 

0.0007 0.01 0.01 

2002 4.7 1.4 2.3 0.9 0.1 0.04 0.10 0.07 0.004 
 

0.0007 0.01 0.01 

2003 4.1 1.0 2.3 1.0 0.6 0.04 0.19 0.11 0.004 
 

0.0007 0.01 0.01 

2004 4.5 1.4 2.1 1.2 1.3 0.04 0.20 0.11 0.014 
 

0.0007 0.01 0.02 

2005 4.4 1.9 2.0 1.0 1.3 0.04 0.03 0.09 0.004 
 

0.0007 0.01 0.01 

2006 4.1 1.8 2.2 1.1 0.6 0.01 0.02 0.01 0.014 0.001 0.0007 0.01 0.02 

2007 4.3 1.5 2.2 1.2 1.0 0.01 0.03 0.02 0.003 0.001 0.0007 0.01 0.02 

2008 4.1 1.4 2.2 1.0 1.0 0.01 0.03 0.01 0.014 0.001 0.0007 0.01 0.03 

2009 3.9 1.4 1.8 1.0 1.1 0.02 0.04 0.02 0.010 0.001 0.0007 0.00 0.01 

2010 3.7 1.5 1.7 1.1 1.3 0.01 0.03 0.01 0.011 0.001 0.0007 0.01 0.02 

2011 3.5 1.4 1.7 0.6 1.4 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2012 2.8 1.4 1.4 0.8 1.2 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2013 3.3 1.4 1.6 0.8 0.8 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2014 3.6 1.5 1.8 0.9 1.0 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2015 3.6 1.5 1.8 0.9 1.0 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2016 3.6 1.5 1.8 0.9 1.0 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2017 3.3 1.3 1.6 0.8 0.9 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2018 3.3 1.3 1.6 0.8 0.9 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2019 3.3 1.3 1.6 0.8 0.9 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 

2020 3.1 1.2 1.5 0.8 0.9 0.00 0.00 0.00 0.011 0.001 0.0007 0.01 0.03 
Table 32: GHG emissions from Thermal Plants in NS from 1965-2020 (Tonnes) 
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Appendix L: World Wind-only Energy Supply 
The American Wind Energy Association states that: “Over the past five years, 

U.S. wind energy capacity grew from 25,000 MW to over 61,000 MW, a 140 percent 

growth rate” (http://www.awea.org/generationrecords). The onshore wind energy trend 

will undoubtedly continue to grow, while they specify offshore forecasts: “In fact, the 

U.S. Department of Energy analyzed the future of offshore wind in the recent Wind 

Vision Report and described an ‘ambitious but credible’ scenario in which offshore wind 

provides 22GW of electricity by 2030 and 86 GW by 2050” (www.aweablog.org/steel-

going-in-the-water-for-americas-first-offshore-wind-farm/). The Wind Vision Report 

(http://energy.gov/eere/wind/maps/wind-vision) estimates that by 2050 the USA will 

have installed 344GW, which can be estimated as 104,000 3.3 MW wind turbines (WT). 

Assuming 20% are offshore wind farms (WF) there would be an estimated 404 WF 

where 85% are 400MW WFs and 15% are 40MW WFs. With the remainder 275.2GW of 

onshore wind, with an estimated 2795 WFs where 85% are 83.7MW WFs (current WF 

average size from AWEA). Based on regional policies and installation data, a percentage 

based on land use restrictions would be built to the ComFIT size spread with the average 

WF size of 10MW. The remaining 15% are 10MW WFs equal to 4128 WFs. 

Of the 344GW, in total there would be 2795 + 4128 + 404 = 7327 new WFs. 344 

GW of wind energy is approximately 1000 TWh of electricity in a modest wind resource 

of 33% capacity factor with plenty of available land meeting these criteria. Whereas the 

Total Primary Energy Supply (TPES), when transportation, heating and other fuels are 

upgraded will be near 24.89 times that amount (IEA 2014, TPES USA 24890 TWh). This 

translates to a US wind-only TPES of (8571 GW) if all the energy was either directly 

http://www.awea.org/generationrecords
http://www.aweablog.org/steel-going-in-the-water-for-americas-first-offshore-wind-farm/
http://www.aweablog.org/steel-going-in-the-water-for-americas-first-offshore-wind-farm/
http://energy.gov/eere/wind/maps/wind-vision
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used or captured in energy storage. Normally the system will be overbuilt, which 

presently is the cheaper option than scaling energy storage; therefore with a conservative 

estimate it would require 10% more installed wind, which we can estimate as (9428 GW). 

The IEA Key World Energy Statistics 2014 report states that present world TPES 

is 155,477 TWh. Filtering by the top ten current highest energy countries, the TPES is 

near 97593 TWh. The top thirty highest energy countries would be a market of 128,669 

TWh. Note that this does not yet include an improvement in other nation’s energy 

budgets, which will follow in the next paragraph. In terms of raw materials, to meet 

current world TPES with wind-only would amount to 7067 MT of Steel, 19.8MT of 

Aluminum, 107-535MT of Copper (all onshore vs all offshore), 5.9 MT of Nickel, and if 

10% was offshore: 36MT of Lead, 0.663MT Neodymium, and finally 0.118MT 

Dysprosium (from Figure 64: Metals used in onshore and offshore wind turbines). 

If all countries had the same energy affluence as Canada at 83TWh/Million people 

(Mpop), the global total would be 584,071 TWh, which is quite high, with ~3.75 times 

the material resources in paragraph three. Many advanced economy countries have 30-

50TWh/Mpop. I use Germany as an example at 44TWh/Mpop, which recalculates the 

global TPES at 310,954 TWh (107TW). This effectively doubles the world average from 

22 TWh/Mpop per country, attainably using twice the material resources. Presently 78 

countries are below the world TWh/Mpop average, while 62 are above it. Of these, a total 

of 30 countries below the world average have wind energy policies. To recap, the world 

market would be 20,915TWh wind-electric-only, in contrast to the world TPES wind-

only market 310,954 TWh when including all 92 countries with the economic conditions 

for investing in wind energy. 
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Figure 112: International TPES (TWh) IEA 2014 

 

 

Figure 113: International TPES/Million People (TWh) IEA 2014 
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Figure 114: Global Carbon Project (Mt eCO2) (Ecofys 2015) 
 


