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The two plans

2018 Integrated Resource Plan
Proposal

Bermuda Electric Light Company Limited

February 15,2018

™ leidos

Bermuda
Better Energy
Plan

REGULATORY AUTHORITY OF BERMUDA

INTEGRATED RESOURCE PLAN CONSULTATION

ALTERNATIVE PROPOSAL
FOR BULK GENERATION AND DEMAND SIDE RESOURCES

NON-CONFIDENTIAL

ﬁ il R August 2018
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A different energy future

Imported fossil fuels

Annual Energy Generation (GWh)

Bermuda
Better Energy
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Imported fossil fuels

Local resources
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Bermuda

WhO |S beh|nd the BBEP? Better Energy

Plan

REGISTERED CHARITY No.704

Greenrock.org

Changing the Mindset

BERMUDA
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Etude — Energy experts

Chris Worboys
MSc in Renewable Energy

Will South
BSc Mechanical engineering

Low energy building certifier
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Dora Ma
PhD in Electrical and Electronic
Engineering - Imperial College
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BSc in Areronautical Engineering
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Why another plan?
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Most new generators are renewable Better Energy
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Hydropower
billion USD
104

Nuclear
power

9.24

103 billion USD
billion USD Renewables
(excluding
hydropower
Fossil fuels >50 MW)

22.0

53.24%

©RENZ21 - Renewables 2018 Global Status Report — Figure 51
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Bermuda

Solar and wind dominate the market Better Energy
Plan

Small scale hydropower

/
- /
Biomass power Others

— //

Wind power

Solar power

© RENZ21 - Renewables 2018 Global Status Report — Figure 50
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And they keep on growing Better Energy
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Wind power Solar power

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

© REN21 - Renewables 2018 Global Status Report — Figure 50
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Bermuda

Countries with more than 20% renewables getter Energy

Denmark
NN L7

Z 1N
United Kingdom

Portugal

85 countries, states or provinces are targeting
more than 50% renewable electricity

ﬁ ctude

Honduras

Plan

Ireland

Uruguay

I
)

Greece
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Islands are using renewable electricity Better Energy

Plan

100% 100% 100%
Jamaica

v 70%
58%  60%
St. Kitts 479, 50%
And Nevis
/ 35%
29%
20%  20%
5-15% I I

Bermuda Antigua & St. Kitts  Barbados Saint Lucia CARICOM Jamaica Martinique St. Vincent Cayman  Guyana Dominica Grenada Montserrat
IRP Barbuda and Nevis  (2029) (2020) (2027) (2030) (2023) (2020) (2027) (2030) (2020) (2030) (2020)
(2038) (2020) (2015)
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Fossil fuel costs are volatile = risk Better Energy
Plan

$18
516

514
$12

$10

$2

2000 2005 2010 2015

© Macro trends — Natural gas price historical chart
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How our plan was developed




Bermuda

The Electricity Act — Key requirements crernergy

Plan

Purposes of this Act
6 The purposes of this Act include the following, namely, to seek—

(a) to ensure the adequacy, safety, sustainability and reliability of electricity
supply in Bermuda so that Bermuda continues to be well positioned to
compete in the international business and global tourism markets;

(b) to encourage electricity conservation and the efficient use of electricity;

(c) to promote the use of cleaner energy sources and technologies, including
alternative energy sources and renewable energy sources;

(d) to provide sectoral participants and end-users with non-discriminatory

interconnection to transmission and distribution systems;

ELECTRICITY ACT 2016
(e) to protect the interests of end-users with respect to prices and affordability,

and the adequacy, reliability and quality of electricity service;

(f) to promote economic efficiency and sustainability in the generation,
transmission, distribution and sale of electricity.

BBEP Presentation | Nov 18 | 17




The four key scenarios

2018 Integrated Resource Plan

Bemuda Elctic Ligt Compny Limted

Baseline

ﬁ Ftude

Distributed Solar
Bulk Solar

Offshore wind
Fossil fuel

Waste to energy

Energy efficiency

\

High solar

Bermuda
Better Energy
Plan

4

Optimum
renewable
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How did we develop the plan? Better Energy
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Energy Electricity
Efficiency Sources
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= 600
=
€ 500
5
C
o
- 400
o S — Demand Forecast + Electric Vehicles
== 300
S ——Demand Forecast
[
L 200
100
0
1990 2000 2010 2020 2030 2040 2050

© BELCO + Adjustment for electric vehicles
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Improving energy efficiency Better Energy
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Example for residential sector

Appliances and equipment
Improvement in products

Pumps and fans
More efficient motors

Refrigeration
Better fridges and freezers

Solar hot water or water heat
pumps

‘ Water heating

. Building fabric
Better roofs and walls
Better windows
. Cooling

More efficient split units

2020 2030 2040 2050
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Demand Forecast + Energy Efficiency Better Energy

Plan

800

700

600

500

400

300 . Electric Vehicles

Energy Demand (GWh)

200 N Commercial Energy Efficiency
100 N\ Residential Energy Efficiency

2000 2010 2020 2030 2040 2050
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Key generation resources
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v Excellent solar resource

v 8% building footprint = 60MW
v' Utility scale = 24MW
v' Lifespan: 25-30 years

v" Reliable, mature technology
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Solar: Why not more? Better Energy
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This is what would happen with 140MW (vs 84MW)
140
120
100

80
60
40

20

© Etude - Solar July 01-07
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Bermuda

Offshore wind turbines Better Energy

Plan

v' Excellent wind resource
(BELCO, UCSB and Etude analyses)

Power: 6-12MW each
Lifespan: 25-30 years
Max wind: 156 mph

D N N NN

Reliable, mature technology
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O'H:ShOre Wind Better Energy

Plan

Assuming 10 x 6MW wind turbines

120
100
80
60
40

20

© Etude — Offshore wind January 01-07
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Fossil fuels

Fuel Oil 01'

V" Flexible generation
v Existing technology
X Air pollution

X Expensive

X Volatile costs

X Carbon emissions

ﬁ Etude

v’ Flexible generation

v’ Cleaner burning
X LNG terminal

X LNG ship

X \olatile costs

X Carbon emissions

X Fracking

Bermuda
Better Energy
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LPG

v’ Flexible generation
v’ Cleaner burning
v’ Flexible supply

X Volatile costs

X Carbon emissions



Bermuda

Calculating future electricity costs Better Energy
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Assumptions for cost calculations

Offshore Wind

Capital Cost

WACC

Lifetime

Q&M Costs

Capacity Factor

(annual energy gener

Losses

Solar Photovoltaics

Fuel Oil
Capital Cost
Capital Cost
WACC
Lifetime
WACC _
Q&M Costs
Lifetime S—
Capacity Factor
(annual energy gene|
O&M Costs Total Fuel Cost:
Consisting of:
1. Commodity Price
Capacity Factor
(annual energy
generation)
Di fation

3. Freight and suppl

7. UNESCO Tax

6. Customns Duty

2. Through-put

Efficiency

Liquified Natural Gas

TD&R licensee IRP Etude Low Case Etude High Case
Capital Cost Not specifically stated. $2,737
Assumed to be $2,737 Based on TD&R liceness's IRP Appendix I1.D4

WACC 8%

Based on TD&R liceness's IRP
Lifetime 30 years

Based on TD&R liceness's IRP
Q&M Costs 36.16 per kw fixed

6.30 per MWh variable
Based on TD&R liceness's IRP for new engines in North Power Station

Capacity Factor 25%

(annual energy generation)

Not specifically stated.
Assumed to be 65.7%

65.7%
Based on dispatch modelling for
Etude baseline scenario

Based on initial dispatch
modelling for Etude optimum
renewables scenario.

Total Fuel Cost:
Consisting of:

$17.56 / mmBtu

$17.65 / mmBtu

$20.24 / mmBtu

1. Commeodity Price

$4.37 / mmBtu

Based on EIA AEO 2017: High
Qil Case or LNG High
Resource Case for 2022

$3.97 / mmBtu

Based on EIA AEQ 2018:
Low Qil Case for 2022

$5.84 / mmBtu

Based on EIA AEO 2018: Low
Oil & Gas Resource &
Technelogy for 2022

2. Liquifaction

3. Shipping

$6.22 / mmBtu

Includes ‘margin’
+ $0.37 Listed as
‘commodity adder’

$3.00 / mmBtu

Based on Oxford Institute for
Energy Studies*”

$3.50 / mmBtu

Based on Wartsila** and
McKinsey

$1.85/ mmBtu

Based on Wartsila paper on
LNG for small tropical locations

$0.60 / mmBtu

Based on Oxford Institute for
Energy Studies. Conservative
figure as this scenario assumes
Bermuda invests $75M in its
own ship.

4. Terminal Capital Costs

$1.93 / mmBtu

Based on $117M facility
CAPEX

$2.30 / mmBtu

Based on $117M facility CAPEX
from TD&R licensee's IRP.
Accounts for reduced energy
demand in Etude energy
efficiency scenario

$3.77 / mmBtu

Based on $117M facility
CAPEX from TD&R licensee’s
IRP and $75M ship from
Castalia study®'. Accounts for
reduced energy demand in
Etude energy efficiency
scenario

5. Terminal OPEX.

$0.55 / mmBtu

$1.05 / mmBtu

$1.57 / mmBtu

7. UNESCO Tax

$0.11 / mmBtu
Based on TD&R licensee’s IRP

6. Customs Duty

$5.37 / mmBtu

Normalised to maintain government revenue neutrality. Based on TD&R licensee's IRP.

Efficiency

34%
Based on TD&R liceness's IRP

Bermuda

Better Energy

Plan
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Cost comparison

$0.23/kWh
$0.20/kWh
$0.17/kWh
$0.09/kWh
Bulk Solar Offshore Distributed Fuel Oil LN

Wind Solar

© Etude - Levelized Energy Cost Calculation Results
Etude

Bermuda
Better Energy
Plan
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Bermuda

How did we assess environmental impact? getier Energy

nature

energy

ARTICLES

https://doi.org/101038/541560-017-0032-9

Understanding future emissions from low-carbon
power systems by integration of life-cycle
assessment and integrated energy modelling

Michaja Pehl©™, Anders Arvesen ©®?, Florian Humpenéder', Alexander Popp', Edgar G. Hertwich®3

and Gunnar Luderer™

Both fossil-fuel and
led energy requlrements for constru

power ies induce |i

! issi mainly due to their embod-

n and operation, and IlPs(ream CH, emissions. Here, we lnlexrate prospective life-

Iw earbon power supply systems and implications for mhnology choi
ially

future
e-cycle emissions differ substan-

- Future per-uni

or a clim:

‘we project lif from fossil fuel carbon capture and

sequesnauen plants of 78-110gC0,eq kWh™", compared with 3.5-122C0,eq kWh *for nuclear, wind and solar power for 2050.

Life-cycle emissions from hydropower and bioenergy are substantial (~100 gCO,eq kWh-"), but highly uncertai

that emissions to upscaling |

We find
power other than hydropower are small compared with direct

sectoral fossil vnel emissions and the total carbon budget. runy considering life-cycle greenhouse gas emissions has only
ot

structure of power

the optimization. We investigate to what extent this omission leads
of

global

the need to achieve net greenhouse gds neulmh{y during the
second half of the century'. Previous research based on integrated
energy-economy-—climate models has shown that achieving these
targets cost-effectively requires a rapid, almost full-scale decarbon-
ization of the electricity system by mid-century™. In electricity pro-
duction, ample low-carbon alternatives are available’ and electricity
is a potential substitute for fossil-based fuels in all economic sectors,
which leads to final energy electricity shares of 25-45% in stringent
mitigation scenarios

‘The life-cycle assessment (LCA) literature illustrates that all
energy transformation technologies are associated with upstream
energy demands and corresponding indirect (that is, not caused by
fuel-burning on site) greenhouse gas (GHG) emissions'”. Concerns
have been voiced that these can impair the emission reduction
potential of low-carbon technologies™**. However, LCA studies of
electricity mostly focus on impacts on a per-kilowatt-hour basis
in static settings, typically neglecting technology improvements in
electricity generation technologies, as well as the effects of concur-
rent decarbonization measures in other sectors of the energy system
and the economy*

Integrated energy-economy-climate modelling approaches
estimate cost-optimal long-term strategies to meet the emissions
constraints implied by climate targets’. Whereas direct combustion
emissions as well as CH, from fossil fuel extraction and indirect
land-use change emissions are accounted for by many state-of-the-
art modelling systems, other indirect emissions, in particular those
related to energy required for the construction of power plants
and the production and transportation of fuels and other inputs
(defined here as embodied energy use, EEU), are not considered in

—|_he Paris Agreement of COP21 (enfrmed the goal ofmiting
below

to incomplete i

A previous study by Hertwich et al." used prospective LCA to
compare similar scenarios in terms of environmental impacts,
but relied on exogenous scenarios for technology deployment,
and focused on non-climate environmental impacts to assess co-
benefits and trade-offs of climate change mitigation. Daly et al.”and
Scott et al.* investigated the influence of national climate policy on
domestic and non-domestic indirect GHG emissions and found
them to have a large potential for carbon leakage, as the ratio of
emissions caused domestically and overseas shifts to the latter due
to imports of goods and services. However, their analysis consid-
ered only the United Kingdom, based carbon intensities on aggre-
gate input-output relationships rather than process detail, and did
not account for policy-induced non-domestic emission reductions
in the context of coordinated international climate change mitiga-
tion efforts. Portugal-Pereira t al.” included LCA emission coef-
ficients in an integrated assessment model (IAM) and studied the
effect of taxing indirect emissions on the electricity mix. However,
they considered only the Brazilian electricity system and used static
LCA coefficients.

In this study, we present consistent and detailed modelling of
EEU and indirect GHG emissions for global scenarios of future
clectricity systems. By linking an IAM with EEU coefficients from a
prospective LCA model, we can provide a holistic and detailed per-
spective on futurelife-cycle greenhouse gas emissions of low-carbon
technologies and power systems in the context of a universal climate
by quantifying these emissions and their effect on the choice of low-
carbon technologies in mitigation scenarios. This study combines
results from the REMIND model ™", which details energy use and

Potsdam Institute of Climate Impact Research, PO Box 60 12 03 Potsdam, Germany, . “Industrial Ecology Programme and Department of Energy and
Process Engineering, Norwegian University of Science and Technology (NTNU), Trondheim, Norway. ‘Center for Industrial Ecology, Yale School for Forestry

and Environmental Studies, New Haven, CT, USA. *e-mail: michaja pehl@pik-potsdam de; gunnarluderer@pik-p

NATURE ENERGY | VOL 2 | DECEMBER 2017 | 939-945 | wwww.nature com/natureenergy

dam.de

2017 Macillan Publishers Limited, part of Springer Nature. Al rights reserved.

Mark

it fdxdotorg/ 10,1016 201602010

0956-053X/ 2016 The Amhuls Publshed by Eeer L1
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CO, ¢

NO, SO, particulates...
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Environmental comparison

1000 200

gCO,eo/kWh gCO4e/kWh

Waste to Oil
energy
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600

gC O, /kWh

Liquefied
natural gas

Bermuda
Better Energy

Plan
35 8
gCOy/kWh gCO,o/kWh
Solar Offshore
wind
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Modelling
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Integrating intermittent energy Better Energy

AL A

Demand response Curtailment

e A

Battery storage Fossil fuel
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Putting it all together Better Energy

Plan

Carbon dioxide

. (-
Sun + wind data g x emissions

Financial costs

W\ Battery Balancing

storage intermittency

Energy efficiency

Demand
Curtail response

A
-‘L“

Ul Wnd

Demand forecast

Dispatch
Model
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How it will work together - January Better Energy
Plan

120

100

80

60

40

20

© Etude - Optimal renewables January 01-07
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How it will work together - July Better Energy

Plan

140

120

100

80

60

40

20

© Etude - Optimal renewables July 01-07
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Mlnlmlsmg cost risks (LCOE in 2022) Better Energy

Plan
Costs are forecast More stable prices in
to increase

0.30 the future

0.25 \[ x/ ‘[ \/
— 0.20
-
2
3 0.15
D
Q
© 0.10

0.05

0.00

Baseline Energy efficiency High Solar Optimum

Renewable
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Large reduction in carbon emissions Better Energy
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886 610 420

gCO,/kWh gCO,/kWh gCO,/kWh

Current Baseline Energy High Solar Optimum
efficiency Renewable
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The plan Better Energy
Plan
700
<
o 600
C
3 500
o
0
S 400 Imported fossil fuels
O
Py
S 300
(s
£ 200 Local resources
E
c 100
C
<
0
Now - 2018 Future - 2038
m Waste to Energy Distributed Solar ~ m Bulk Solar ~ m Offshore Wind
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Compliance with Electricity Act Better Energy
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The table below summarises how this alternative proposal complies with the requirements of the
Electricity Act and the Guidelines.

No. Requirement Check

Demonstration of how its inclusion would result in an electricity supply that is more
consistent with the purposes of the Electricity Act and Ministerial directions

1
Demonstration of the technology’s commercial operation in another jurisdiction
Data on capital, operating and fuel costs

Assumptions on future macroeconomic performance and government policy
Technical and operating characteristics and availability

Price for input fuels and other related commodities as well as import infrastructure

Costs related to network infrastructure upgrades (if required)

SR N S N N NN

Sensitivity analysis

* Although assumptions are not thoroughly justified or referenced.

© Ricardo Energy & Environment - Report for the Regulatory Authority of Bermuda
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. Bermuda
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Plan
64% of our electricity can come from renewables
Renewable energy costs less than fossil fuels
Bermuda can source its energy locally
We can take action against climate change

We can create jobs in local energy

Our energy supply can be more resilient

It would be better in terms of national security
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29%
20% 20%
5-10% I I
Bermuda Antigua & St. Kitts Barbados
IRP Barbuda and Nevis (2029)

(2038)

ﬁ Ftude

(2020) (2015)

70%

64% |

58% 60%

50%

46% 47%

Haiti CARICOM Jamaica MartiniqueSt. Vincent Bermuda Cayman
(2027) (2027) (2030) (2023) (2020) Better (2027)
Energy
Plan
(2038)

CARICOM - Caribbean Sustainable Energy Roadmap (and others)

90%

Guyana
(2030)

Bermuda
Better Energy
Plan

100% 100% 100%

Dominica Grenada Montserrat
(2020) (2030) (2020)
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Please support our plan
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Respond to the consultation Better Energy
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www.betterenergyplan.oom

Please visit our website for instructions, template and guidance
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Donate to our crowdfunding campaign Better Energy

Plan
| INDIEGOGO.

Thank you
for your

Bermuda Better Energy
Plan

Support our plan to help d O n ati o n

Bermuda generate most of its
electricity from renewable...

ENVIRONMENT

$9,253 USD raised 54%

© 16 days left
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THANK YOU

www.betterenergyplan.bm



