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Presentation overview

* Recap of Olav Hohmeyer’s 100% vision

* Alook at the technology options

— Solar PV
— Wind energy
— Pump storage Hydro

* What about the transport sector?
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A 100% renewable Barbados
AND lower energy bills

Progress to date...

Origin of this scenario

Professor Olav Hohmeyer

Teaches on UWI’s MSc programme
- Energy economics

- Shaping energy systems

* 40 years experience in RE sector
e Lead author IPPC report on renewable energy
* Key player in Germany’s renewables success

Available to download from www.brea.bb
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A 100% renewable scenario for Barbados
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb

Demand curve for Barbados
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb
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Demand curve for Barbados

Gas turbines.(diesel + jet fuel)
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb

Generation from wind and solar
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100% renewable Barbados. See www.brea.bb

Source: Homeyer, O. (2014).




Wind and solar combined
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb

Over- and under-production from wind and solar
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb
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Residual load curve
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb

Storage options

* Power to gas (to power)
K 4
* Pump storage hydro/ . rovioy ,_‘_JQ

Bar e s . ‘
* Battery storage ’;— ®agpns*
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb
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Storage options: Power to gas (to power)

Power to gas (to power)

* Appropriate size GWh

* Very low efficiency

* High costs

* Not a mature technology

Power grid
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb

| tank

Storage options: Batteries

Batteries

* Easy to install

* High efficiency

* Electricity loss over time

* Relatively expensive
(US$500-600/kWh storage)

* Too small for Barbados
(MWh range when we need GWh range)

Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb
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Storage options: Pumped storage hydro

Pumped storage hydro
* Appropriate size GWh

* Low cost per MWh storage
(<US$100/kWh storage)

* Major construction needed

* Needs special locations with
large altitude differences

* Possible for Barbados

Flow of water during pumping
(low electricity demand)

i

Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb

When the storage is depleted?

200 MW solar PV

, ?'[‘\

* Biomass options (biodiesel or biogas)
* Attraction of keeping diesel generators operational

Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb
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A look at the different technologies

Solar PV

Estimated cumulative installed solar PV capacity
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Rough calculation of distributed rooftop potential
g O L
s NO. homes

¥ Average roof area
1 No. other buildings
e Average roof area

PV roof coverage
8 Roof area for 1kWp
‘ Total rooftop PV ava’ ~bility

1 GWh PSH

ﬁi

Load in MW

Plus covering car parks?
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* Air gap >30mm = decreased cooling demand

* Air gap >80mm = better performing PV system 50
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Source: Julian Maynard and Tom Rogers (The UWI Cave Hill)
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A look at the different technologies

“wiywinaz

Levelised cost of energy for different generation options in Barbados
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Past experience in Barbados

How much wind do we need?

ually
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200 MW solar PV
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb
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A desktop study of wind potential for Barbados

WindPRO 3.0
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Inputs Outputs
* Weather data * Energy yield prediction
* Terrain data * Financial modeling
* Surface roughness data  * Electrical integration modeling
* Wind turbine selection  * Noise maps
and location * Shadow flicker maps
* Photomontages

Link: http://www.emd.dk/windpro/

Wind turbine selection
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A 1MW wind turbine can power
~1,200 homes in Barbados
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Consideration of location

T&C Planning input
1.5 times height from roads/buildings

Noise levels — 55dB(A) daytime
45dB(A) nighttime
[Settled on 350m)]

Anything over 75ft passed by BCAD

The process

Satellite imagery used to determine key
locations for wind turbines, with
followup by site visits...

_“_ Average annual wind speed (80m agl)

- 8.2-9.0m/s

9.0-9.8m/s
9.8-10.6 m/s
10.6 - 11.4 m/s
11.4-12.2m/s
12.2-13.1 m/s

g s

s L

3 3

T3 2

S 5 3
Zone $ § §
1 9.4 48 174.3
2 9.2 42 166.0
3 9.4 35 135.3
4 7.0 51 231.4
5 7.9 38 138.7
6 16.2 76 224.7
7 5.2 27 73.2

64.2 317 1,143.6

A

Current Barbados electricity
demand is ~¥950 GWh/year!

22/09/16
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Next steps for turning technical potential into reality

1. More detailed wind resource assessment
2. Wind power electrical integration study
3. Incorporation of wind into the next PDP
4. Radar system at GAIA

5. Public involvement in the ownership and benefits of wind

22/09/16
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Involve the local community...

7 good reasons for local ownership
Results in more installed wind capacity
Creates local dialogue and acceptance
Helps raise public awareness about wind
Solves problems and conflicts

Local turbines are democratic

Local production makes sustainable development understandable

N o g bk b=

Gives people opportunity to act for sustainable development

Source: http://www.middelgrunden.dk/middelgrunden/?q=en
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Make them a tourist attraction!

Wind turbines
with special
viewing platforms
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500 .
What about offshore wind?
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A look at the different technologies

Pumped-hydro storage

Sea as the lower lake?

* Examples include this scheme in Japan
* Corrosive seawater means more expensive turbines and equipment

* Environmental risk if seawater in upper lake were to leak

20
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News in Barbados

* Williams Ind. Emera Caribbean + Stantec
investigating suitable sites.

* 1GWh equals two 1,200,000 m3 lakes

* Roughly 250m by 250m, and 20m deep

One possible site...

Google earth
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What about the transport sector?

What about the transport sector?

Electricity
(Commercial
)

28%

Transport
48%

Transport sector accounts for 48% of
primary energy consumption on
Barbados.

Electric vehicles offer a way to
decarbonise this transport sector

* Also provide lower running costs

()

Could help with grid management
using vehicle-to-grid services.
Potentially, eventually, negating the
need for backup generation from LSD
plants

22/09/16
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376 MW PV

What about the transport sector?

3 GWh PSH

452 MW wind

25 GWh biomass
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Source: Homeyer, O. (2014). 100% renewable Barbados. See www.brea.bb

Conclusions
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Shift to renewable will increase Barbados’s energy security
Any investment should come from domestic investors
Onshore wind the cheapest source for foreseeable future
Barbados has a good onshore wind power potential

Citizen/community wind ownership should be explored
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The Barbados Renewable Energy Asscciation (BREA)
In Association with
The Central Bank Of Barbados

International Conference and Exposition

SUSTAINABLE ENERGY INDEPENDENCE IN THE CARIBBEAN:

MAKING |T HADDEN

.‘ November 10 - 11, 2016
‘_ond Erskine Sandiford Centre

Bridgetown | Barbados

s OBJECTIVES

Explore the realities of energy markets across the Caribbean region

"2agguusnr*®

Synchronize energy policies with a 15 on energy efficiency and renewable energy.
Empower civil society and businesses to inform the structure of the sustainable energy market
through a replicable medel for a:

Expiore the cross sectoral benahi ustainable, atfordable energy

clations
Formation of a Caribbean Sustainable Energy Association

s PROGRAMME

Business Presentations
Individual Presentations

-
Ministerial Discussion Pane! i o
Thought-provoking “Lightning Fire Round"” Y k

Breakout Sessions

1
L 4
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FEATURED SPEAKERS

The Hon. Didier Dodgely Dr. Mark Glick Prof. Henrick Lund
Minister of Renewable Energy Hawail State Energy Office, Professor, Development
Government of the Seychelles Government of Hawaii Planning, Aalbourg University,
Denmark
Dr. Daniel Kammen Ms. Loretta Duffy-Mayers Prof. Olav Hohmeyer
Professsor of Energy, Regional Programme Manager Professor Energy, University
University of California Caribbean Hotel Energy of Flensburg Germany
Berkeley Efficiency and Renewable
Energy Action Advanced
Programme,
Caribbean Hotel and Tourism
Association

ter at www.brea.bb

Come join us
in this Conference-

Help us to build sustainable
energy independence in the Caribbean!!

S
THE UNIVERSITY
OF THE
WEST INDIES

Thank you!

Address: Faculty of Science & Technology
The University of the West Indies
Cave Hill Campus

Email:  thomas.rogers@cavehill.uwi.edu

Landline: 417 4158 (or) 417 4000
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