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Outline
 Introduction
 Chapter 2: Building energy codes
 The role of energy efficiency in managing building energy

consumption and how managing building energy consumption may
result in social benefits. We help federal policymakers determine the
appropriate level of building code incentives.

 Chapter 3: Natural gas energy efficiency
 Identifying energy systems benefits and costs of building energy

efficiency. We help inform whether regulators are appropriately
investing in energy efficiency interventions.

 Chapter 4: Distributed solar PV in Portugal
 How does distributed solar PV benefit panel owners and non-panel

owners in Portugal? We help inform policymakers about whether
additional solar PV is beneficial to the Portuguese electricity system.
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Motivation and theory
Though economic analyses often draw a bright line between
private and public benefits, renewable energy demonstrates that
in practice there is a continuum of perspectives. Each may be
appropriate for answering a different question. Evaluating the
incentives of participants in a market generally requires
doing the analysis from many perspectives. [emphasis added]

Borenstein (2012)
Global benefits…our big blue earth?
Social benefits…(N.) America?

Sub-group benefits (e.g., electricity
ratepayers)?
Private benefits

Chapter 2:
State level benefits of commercial building
energy codes
Gilbraith, N.; Azevedo, L.; Jaramillo, P. Evaluating the Benefits of
Commercial Building Energy Codes and Improving Federal Incentives for
Code Adoption. Environ. Sci.Technol. 2014, 48, 14121 – 14130
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Federal government and buildings
 Federal government recognizes building energy efficiency

potential
 Commercial buildings consume 19% of U.S. primary energy
 Technically and economically feasible efficiency measures

 Uses policy (i.e. building energy codes) to capture

efficiency
 Increasing code stringency
 ASHRAE 90.1-2010
 Increasing code adoption
 Monetary incentive to states for adoption
6

Research questions
 What are the potential state level energy and emissions

savings of advanced commercial building energy codes?
 Basis for both private and social benefits and costs

 Do the magnitude and distribution of federal incentives align

with the potential state level social benefits?
 Do the code adoption incentives align with the social benefits of the code?
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Model new commercial construction

Construction
Construction
Construction
Construction
Construction
Construction

1. Gather new commercial
building construction data
• Data from 2003 - 2007

Bldg.
Type
1…i
Bldg.
Type
1…i
Bldg.
Type
1…i
Bldg.
Type
1…i
Bldg.
Type
Bldg. Type1…i
1…i

3.
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2. Allocate construction across building
types and climate zones
•

Pop. growth as a proxy for
construction
0%
50%

50%

Pop. growth by climate zone, 2000 - 2010

Use EnergyPlus software to simulate the energy consumption of
buildings at 90.1-2007 and 90.1-2010 energy code levels, then assess
changes in site energy consumption per state

Assess code effects
 After estimating changes in state level site energy

consumption, we estimate:
 Private benefits
 Changes in energy bills
 Social benefits
 Changes in CO2, SO2, NOx, PM2.5 emissions
 Associated monetized health and environmental impacts

 Social costs
 Federal incentives for code adoption
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Results: energy and emissions savings
 Small number of states contain a large fraction of potential

energy and emissions savings
Change in Site Energy Consumption
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Changes in SO2 Emissions

Social benefits
 Concentrated in states with 1) large amounts of commercial

building construction and 2) average / above average grid
emissions factors
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Results: State level monetized benefits
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Total potential social benefits are $183
million annually
 Current incentive funding is $26 million annually
 Provides preliminary evidence that federal incentive funding

should be increased
 Policymakers should also consider funds spent to develop
codes, promote codes, and educate states on code benefits
 The present value of benefits over the life of the building

code will be substantially larger
 E.g. more than $1b over 10 years at a 5% discount rate
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Sensitivity analysis
 Vary mix of buildings constructed, climate zone of

construction, building energy savings, and grid emissions
intensity
Using Base Case Emissions
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Using 2020 Projected Emissions

Conclusions and policy recommendations
 Building energy efficiency generates positive social externalities.
 Social benefits ASHRAE 90.1-2010 are approximately $180 million

annually and will be substantially larger over the lifetime of the
code/building
 We provide preliminary evidence that the social incentives of energy
codes exceed the adoption incentives given to building owners
 Policies that increase code adoption incentives could be

reasonably supported using our results.
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Chapter 3:
Quantifying the capacity value of natural gas
energy efficiency measures in New England

Gilbraith, N.; Jaramillo, P.; Azevedo, I. L. Quantifying the CapacityValue of
Natural Gas Energy Efficiency Measures in New England. Energy
(submitted).
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Public interest in the New England
natural gas system is growing
 Winter price spikes

 Increasing use in electricity generation
 Increasing (and relatively inexpensive) supplies from the

Marcellus Shale
 Goals of New England efficiency programs are impressive
 Massachusetts:
 save over 1% of annual natural gas demand
 ~$500 million elec. + ng efficiency budget

 All New England states support natural gas EE
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Are regulators in New England properly
valuing natural gas energy efficiency?
 Public utility commissions value natural gas efficiency

programs based on a combination of energy savings and
deferred long-term investment (i.e. capacity value)
 Energy savings:
 Reductions in natural gas purchases
 Deferred investment:
 Avoiding the need to expand natural gas system infrastructure, e.g.,
purchasing additional firm pipeline capacity to serve demand

 Utilities can only implement cost effective efficiency

programs (!)
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The current method does not consider
two potentially important factors
 Some utilities need to make firm pipeline capacity

investments, others do not

Location
% Facing Shortfall
Southern New England
98%
Connecticut
100%
Massachusetts
96%
Rhode Island
100%
Northern New England
0%
New Hampshire
0%
Maine*
0%
Vermont
100%

 Utilities resell excess capacity to other natural gas
19

consumers, such as electricity generators (“opportunity
cost”)

Research questions
1) How much pipeline capacity do efficiency programs

avoid?

2) When, and by how much, do efficiency programs

change the amount of excess capacity sold by the
utility?
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Method

21

Estimate efficiency program natural gas
savings
 EnergyPlus building simulations
 State specific building mixes, weather, and efficiency program

requirements
% of Annual Savings

2.0
1.5
1.0
0.5
0.0
0
22

100

200

Day of the Year

300

Estimate firm pipeline capacity savings
 For utilities that need to purchase more firm capacity,

efficiency reduces pipeline requirements based on natural gas
savings during peak periods
 We estimate the price of firm pipeline capacity is $0.43 per

cubic foot per day ($1.19 per MCF).

𝑐𝑎𝑝 =

23

𝑃𝐸𝐴𝐾
𝑝𝑒𝑎𝑘=1 𝑛𝑔

𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑝𝑒𝑎𝑘
𝑃𝐸𝐴𝐾

Changes in capacity resale – Utility has
enough firm capacity
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Calculated as:

∆𝑟𝑒𝑠𝑎𝑙𝑒 =

𝑛𝑔 𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑑 = 1 𝑀𝐶𝐹
𝑑

Changes in capacity resale – Utility
needs to purchase more firm capacity
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Changes in capacity resale – Utility
needs to purchase more firm capacity
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Changes in capacity resale – Utility
needs to purchase more firm capacity
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Changes in capacity resale – Utility
needs to purchase more firm capacity
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Calculated as:

∆𝑟𝑒𝑠𝑎𝑙𝑒 =

𝑛𝑔 𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑑 − 𝑐𝑎𝑝 𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑑
𝑑

Results
 We apply our model to five natural gas energy efficiency

programs that exist in most New England States
 Furnace retrofit (high / very high efficiency)

 Boiler retrofit (high / very high efficiency)
 Hot water heater retrofit

 We report the capacity value for each MCF of natural gas

saved over the program life
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Total avoided costs of NG EE programs
 Total avoided costs = capacity value + avoided variable costs

 Some efficiency programs in Massachusetts may not be cost-effective

 More efficiency programs in New Hampshire may be cost-effective
30

Excess capacity resale is an important
variable for all utilities
 When efficiency does not offset firm pipeline investments,

increases in capacity resale account for 100% of the value of
efficiency
 When efficiency offsets firm pipeline investments, excess
capacity resale also falls.
Scenario
Scenario 1
(Utility has
enough firm
capacity)
Scenario 2
(Utility needs to
purchase firm
capacity)
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Firm Capacity
Savings
(CF/d)

Change in Capacity
Resale Volume
(MCF)

PV of Firm
Capacity Savings
($/MCF)

PV of Excess
Capacity
($/MCF)

Total Net Present
Capacity Value
($/MCF)

Boiler

0.00

1.00

$0.00

$4.43

$4.43

Furnace

0.00

1.00

$0.00

$5.07

$5.07

0.00

1.00

$0.00

$2.75

$2.75

0.70

(2.84)

$3.49

-$5.16

-$1.67

Furnace

0.90

(3.92)

$4.47

-$7.22

-$2.75

Hot water
heater

0.23

(0.24)

$1.13

-$0.35

$0.78

Type of
Program

Hot water
heater
Boiler

The value of efficiency depends on
whether the utility needs to invest
 The difference between having enough firm pipeline capacity

and not having enough firm pipeline capacity causes a
substantial difference in the value of efficiency programs
Scenario
Scenario 1
(Utility has
enough firm
capacity)
Scenario 2
(Utility needs to
purchase firm
capacity)
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Firm Capacity
Savings
(CF/d)

Change in Capacity
Resale Volume
(MCF)

PV of Firm
Capacity Savings
($/MCF)

PV of Excess
Capacity
($/MCF)

Total Net Present
Capacity Value
($/MCF)

Boiler

0.00

1.00

$0.00

$4.43

$4.43

Furnace

0.00

1.00

$0.00

$5.07

$5.07

0.00

1.00

$0.00

$2.75

$2.75

0.70

(2.84)

$3.49

-$5.16

-$1.67

Furnace

0.90

(3.92)

$4.47

-$7.22

-$2.75

Hot water
heater

0.23

(0.24)

$1.13

-$0.35

$0.78

Type of
Program

Hot water
heater
Boiler

Capacity value of NG EE programs
 Utilities in southern New England (MA, RI, CT) generally

plan to purchase additional firm capacity
 Efficiency programs have small (or negative) capacity values

 Utilities in northern New England (ME, NH) generally do

not plan to purchase additional firm capacity
 Efficiency programs have larger capacity values
Region

Space Heating Programs

Non-space heating programs

Net present capacity value of each MCF of program savings
($/MCF)
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Southern New England

-$2.4

$0.8

Northern New England

$4.7

$2.7

Total avoided costs of NG EE programs
 Total avoided costs = capacity value + avoided variable costs

 Some efficiency programs in Massachusetts may not be cost-effective

 More efficiency programs in New Hampshire may be cost-effective
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Conclusions and policy
recommendations
 Whether the utility needs to purchase firm capacity or not,

and the revenue the utility generates from excess capacity
resale are both key factors that determine the value of
efficiency programs
 We recommend regulators consider including these variables
in efficiency program evaluations
 Estimated program benefits would fall in S. New England
and would increase in N. New England
 This holds for current market conditions

35

Chapter 4:
Quantifying the benefits and costs of distributed solar
photovoltaics (PV) for electricity ratepayers in Portugal

Gilbraith, N.; Carvalho, P.; Azevedo, I. L. Quantifying the Costs and Benefits
of Distributed Solar Photovoltaic Generation in Portugal Using the Cost
Effectiveness Testing Framework.Working Paper.
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The allure of distributed solar PV in
Portugal
 Distributed solar PV may help achieve carbon emission

reductions, help defer centralized grid investments, achieve
energy security goals, can be adopted widely, and is renewable
 Portugal has an outstanding solar resource

Europe
Portugal
37

A snapshot of the current solar PV
landscape
 In both California and Germany, some analysis indicates that

solar PV has not benefitted electricity consumers.

 Solar PV simply transferred wealth from normal electricity

consumers to those who install solar PV (equity concerns!)

 California – Net metering
 If solar PV offsets grid investments, the value to electricity

ratepayers can be large
 Solar PV rarely offsets grid investments
 Germany (FIT policy)

 Increased electricity bills, limited emissions benefits, no/very

limited grid investment savings
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Portuguese solar PV policy
 Net metering. No adoption incentive or feed-in-tariff
 Use solar PV to offset household or business electricity

consumption and,
 Resell excess electricity
 The private value of solar PV is the bill savings and resale

revenue less the cost of the solar PV.
 The “average ratepayer” value of solar PV is the change in
total system costs plus the change in solar PV owner
electricity bills
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Private benefits of solar PV
 Retail prices (0.25-0.30 €/kWh) are much larger than

Marginal Electricity Price

wholesale market prices (0.03-0.07 €/kWh)

retail price

0.9 * wholesale market price

-4
40

-2
0
2
Consumer Demand (kW)
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Research questions
 Do the electricity system benefits of the Portuguese net

metering policy outweigh the electricity system costs of net
metering?
 Does installing more solar PV make the “average” Portuguese

electricity consumer better off?
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Research questions
 Is solar PV a net present value positive investment decision

for residential panel owners in Portugal?
 That is, is solar a good investment decision for private

individuals?
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Methods
Model the panel owner benefits and costs of solar PV
2. Quantify the costs the grid avoids when consumers install
solar PV.
1.

1.
2.

3.
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Generation costs
Transmission costs
Distribution costs

1. Private cost of solar PV
 No representative database of solar PV prices exists in

Portugal
 We review available vendor prices; uninstalled prices are

comparable to German installed prices
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Present price of solar PV arrays
(Euro)

Capital

𝑐× 1+𝑟

Tax

𝑖𝐿 1+𝑖𝐿 𝑁
1+𝑖𝐿 𝑁 −1

Loan interest

1
1+𝑑 𝑛

Unit Price

€ 4.000

4,5 €
4,0 €
3,5 €
3,0 €
2,5 €
2,0 €
1,5 €
1,0 €
0,5 €
0,0 €

€ 3.500
€ 3.000
€ 2.500
€ 2.000
€ 1.500
€ 1.000
€ 500
€0
200W

500W

1,000W

1,500W

Unit price (Euro/Watt)

𝑁
𝑛=1

 𝑃𝑉(𝑐𝑜𝑠𝑡𝑠𝑜𝑙𝑎𝑟 ) =

1. Private benefits of solar PV
• Simulate solar PV

production using
meteorological data and PV
conversion equations
• Estimate hourly household
electricity demand
• Calculate demand
reduction and electricity
resale benefits

Demand (normalized)

Condition

Large Residential

Value

𝑔ℎ ≤ 𝑞ℎ,𝑖

𝑏ℎ,𝑛 = 𝑔ℎ 𝑇ℎ 1 + 𝑖 𝑇

𝑛

𝑏ℎ,𝑛
𝑔ℎ > 𝑞ℎ,𝑖
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= 𝑞ℎ,𝑖 𝑇ℎ 1 + 𝑖 𝑇

𝑛

+ 𝑔ℎ − 𝑞ℎ,𝑖 0.9 × 𝐿𝑀𝑃𝑚 1 + 𝑖𝑀
0

𝑛

Avg. Residential

Time of day (0h-23h)

2. Grid benefits and costs of solar PV
 How does Portugal make electricity infrastructure

investment decisions
 Based on peak demand

 Pay for those investment decisions
 Average cost-of-service
Illustration of monetary flows in the Portuguese electricity system
(Green arrows indicate monetary flows)
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Results
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Private benefits are from “selfconsumption”
 Solar PV may be a net present value positive investment

decision for the average residential consumer in Portugal
 The majority of private benefits are from offset demand
 I.e. not from re-selling electricity
System
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Generation
Offset demand
Resell
(kWh/y)
(kWh/y)

Utilization

Cap. Factor

Total
(kWh/y)

200 W

308

0

308

100%

500 W

731

39

770

95%

1000 W

982

558

1,540

64%

1500 W

1,069

1,241

2,310

46%

17.6%

Benefits and costs for panel owners
and non-panel owners
 Distributed solar PV is likely to increase the cost of

electricity for consumers that do not own solar panels
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Changes in grid costs: generation
 No changes in generation investment

 Small changes in variable generator costs equal to short run

marginal costs
 Most generators have revenue guarantees
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Source: EDP (2007)

Changes in grid costs: transmission
and distribution
 No changes in transmission and distribution investment
 Solar is not coincident with peak demand

 Small changes in T&D variable costs (i.e. line losses)
 Solar PV avoids the 8-10% losses from generator to consumer.
Year

Date and time

Peak
(MW)
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2005
2006
2007
2008
2009
2010
2011
2012
2013

1/27/2005 19:30
1/30/2006 19:30
12/18/2007 18:45
12/2/2008 19:30
1/12/2009 19:45
1/11/2010 19:15
1/24/2011 19:45
2/13/2012 20:00
12/9/2013 19:45

8,528
8,804
9,110
8,973
9,218
9,403
9,192
8,554
8,322

Benefits and costs for the overall
electricity system
 Even accounting for the panel-owner benefits of solar PV,

distributed solar PV causes the electricity system as a whole
to become more expensive
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Conclusions and policy
recommendations
 Our analysis suggests that distributed solar PV installations

do not benefit Portuguese electricity ratepayers
 Non-panel owners essentially pay panel owners

 Solar PV may be NPV positive for private individuals
 This dynamic raises equity concerns

 These wealth transfers could be minimized or avoided via:
 A solar PV “fee”, or by matching retail rates with marginal costs
 Barriers to solar adoption may ameliorate the consequences of

taking no action
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Dissertation conclusions and
recommendations
 I quantify the benefits and costs of building energy efficiency and

solar PV
 Individual actions often have externalities, both negative (e.g. human

and environmental damage) and positive (e.g. deferring investment)
 Policy can align benefits with costs (i.e. align consumer incentives)
 …or can shift wealth between consumers

 Careful BCA can illuminate policy pitfalls (transferring wealth) and

is a useful tool in energy policy and decision making
Paper

Private benefits

Building Codes

X

Natural gas EE
54

Solar PV

Public benefits –
direct economic

X
X

X

Public benefits environmental

X
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I am happy to take your questions!
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Incentives are poorly allocated
 Comparing incentives with potential social benefits:
 $6.6 of $25.5 million (26%) misallocated annually
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Supplemental Slide Contents
 Population change as a proxy for new construction – 21

 EnergyPlus simulated vs. actual consumption – 22
 Estimating grid emission factors, marginal damages – 23,24
 Sensitivity analysis – 25,26,27
 Variables that correlate with social benefits – 28

 State energy savings by building type – 29
 First costs from Kneifel (2011) – 30
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Population v. Comm. Construction
Change in commerical floor space
(106 m2)

Total

-1
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Linear (Total)

100
80
60

40
20

y = 19.26x + 4.74
R² = 0.83

0
0
1
2
3
4
Change in population 2000 - 2010 (106 people)
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Comparing EnergyPlus with Actual Buildings
00

2
Site
(MJ/m 2))
Intensity (MJ/m
Electricity Intensity
Site Electricity
1,500
3,000
4,500
1,500
3,000
4,500

Education
Education
Food
Service
Food Service

Inpatient
Healthcare
Inpatient Healthcare
Outpatient
Healthcare
Outpatient Healthcare
Lodging
Lodging
Retail
Retail
Enclosed
Stripmalls
Enclosed &
& Stripmalls
Office
Office

EnergyPlus
EnergyPlus

CBECS
CBECS

Warehouse
Warehouse

0
0

(MJ/m22))
Intensity (MJ/m
Gas Intensity
Natural Gas
Site Natural
Site
1,500
3,000
4,500
6,000
7,500
1,500
3,000
4,500
6,000
7,500

Education
Education
Service
Food Service
Food
Healthcare
Inpatient Healthcare
Inpatient
Healthcare
Outpatient Healthcare
Outpatient
Lodging
Lodging

Retail
Retail
Enclosed &
Stripmalls
& Stripmalls
Enclosed

60

Office
Office
Warehouse
Warehouse

EnergyPlus
EnergyPlus
CBECS
CBECS

Calculating emission factors
 EFSt = Gen. weighted average of EFsub-regions
 Gen. data and EFs by sub-region are from eGRID

Sub-region EF = 1,000 kgCO2/MWh
Sub-region Gen.%ST = 50%

Sub-region EF = 800 kgCO2/MWh
Sub-region Gen.%ST = 50%

State – E.g. Pennsylvania
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Calculating sub-region level marginal
damages
 Gen weighted average of marginal damages from counties

within each NERC sub-region
 Then, same process as EF calculation
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Sensitivity Analysis – Grid Emissions
Social Benefits (106 $)
Human / Environmental
Climate
Total

2010
102
81
183

2020
31
77
108

2040
32
74
108

Effect of EIA projected pollutant emission rates on social benefits,
holding marginal damage of pollution constant.
• Rapid decrease over the next decade -> pollution regulations
in the pipeline
• Benefits remain substantial through 2040
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Sensitivity – Building Types / Climate Zones
1.0

Elasticity

0.5
0.0

-0.5
-1.0
0.00

0.02

0.04

0.06

0.08

0.10

State share of total national commercial construction

%𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠
𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 =
% 𝑜𝑓 𝑁𝑒𝑤 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑅𝑒 − 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑
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Sensitivity – Construction Rate
New Commercial Construction
(106 ft2)

3000
2500

2000
1500
1000
500

0
2004 2008 2012 2016 2020 2024 2028 2032 2036 2040
NEMS Construction Projections
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2003-2007 average

Kneifel (2011) first costs
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Extras – Mapping from CBECS to E+
CBECS Bldg. Type EnergyPlus Bldg. Type
Office

Retail
School
Healthcare
Restaurant
Hotel
Warehouse
Apartment
Public Assembly
No Prototype
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Allocation

Lg. Office

22%

Med. Office

40%

Sm. Office

37%

Retail

73%

Strip mall

27%

Primary School

33%

Secondary School

67%

Hospital

44%

Outpatient Healthcare

56%

Sitdown Restaurant

53%

Fast-food

47%

Lg. Hotel

74%

Sm. Hotel

26%

Warehouse

100%

Highrise Apartment

55%

Midrise Apartment

45%

No Prototype
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Value of Efficiency Programs
Electricity
 Energy
 Less electricity must be

purchased from the market
(de-regulated); or, less coal,
natural gas, uranium, or
water needs to be used to
meet demand (regulated).

 Capacity
 Less power must be

contracted (de-regulated); or,
less transmission line or
generator capacity must exist
to meet demand (regulated)

Natural Gas
 Energy
 Less natural gas must be

purchased from suppliers
to meet demand
 Capacity
 Less pipeline, storage, or

peaking capacity must exist
to meet demand

Capacity value under the current approach
Utility has enough firm
capacity
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Utility needs to purchase
more firm capacity

 Efficiency does not offset

 Efficiency can offset new

existing capacity (sunk
costs)
 Efficiency appears to have
little to no capacity value

capacity purchases
 Capacity valued at historical
average prices
 Efficiency offsets capacity costs
based on the average cost of
existing infrastructure

Capacity value considering additional
factors
Utility has enough firm capacity

Utility needs to purchase
more firm capacity

 Utility has no plans to buy

 Utility will purchase additional

additional capacity
 Efficiency does not offset
existing capacity (sunk costs)
 Excess capacity can be
resold to offset customer
costs
 The value of efficiency
programs is the opportunity
cost of consuming capacity
70







system capacity
Efficiency can offset new capacity
purchases
Capacity valued at the cost
of additional capacity
Excess capacity can be
resold
The value of efficiency programs
is the change in capacity costs
based on the cost of new capacity
plus the change in capacity resale

2. Estimate Pipeline Capacity Savings
 Assume efficiency savings is perfectly correlated with natural

gas demand
 Appears valid based on limited data
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3. Estimate Changes in Capacity
Resale
 Monthly changes in capacity resale are multiplied by the market

value of pipeline capacity
 Calculated as the difference in natural gas price between the Marcellus Shale

and New England
Algonquin Citygates (New England)
Dominion (Marcellus Shale)

NG Price, $/MCF

20
15
10
5
0
72

0

10

20

30

40

50

Months from Apr-2014
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EE May Reduce System Excess Capacity
 When utilities face a capacity shortfall, efficiency may actually

reduce the volume of spare capacity within the natural gas
system
 Natural gas power plants rely on spare capacity because they do not

purchase firm capacity

Firm Capacity
Savings (CF/d)

Change in Capacity
Resale Volume (MCF)

PV of Firm
Capacity Savings

PV of Excess
Capacity

Total Net Present
Capacity Value
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Shortfall

Boiler

0.70

-2.84

$3.49

-$5.16

-$1.67

Furnace

0.90

-3.92

$4.47

-$7.22

-$2.75

Hot Water

0.23

-0.24

$1.13

-$0.35

$0.78

No Shortfall

All values show the capacity value of each MCF of NG saved over the life of the efficiency program

Boiler

0.00

1.00

$0.00

$4.43

$4.43

Furnace

0.00

1.00

$0.00

$5.07

$5.07

Hot Water

0.00

1.00

$0.00

$2.75

$2.75

Changes in excess capacity resale
Utility has enough firm capacity
 Each MCF savings increases capacity resale by 1 MCF over program
lifetime (15y)
 Changes in capacity resale occur when natural gas savings occur
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Changes in excess capacity resale
Utility needs to purchase
additional firm capacity
 Capacity resale falls for all programs
 Largest reductions in resale during summer months

 High price of capacity during winter months drives revenue changes
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Do Utilities Face Capacity Shortfalls?
 Southern New England utilities face capacity shortfalls

 Northern New England utilities do not face capacity shortfalls
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Location
% Facing Shortfall
Southern New England
98%
Connecticut
100%
Massachusetts
96%
Rhode Island
100%
Northern New England
0%
New Hampshire
0%
Maine*
0%
Vermont
100%

Efficiency program value also varies by
program type
 Space heating program (furnace and boiler) savings peak

during winter
 The savings profile “shape” appears valid based on the limited

available evidence
 Hot water heaters provide baseload savings
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Sensitivity Analysis – Space heating
 Both N. New England and S. New England are very sensitive

to the value of excess capacity resale
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Permutation

PV(costsolar) <
PV(pricegrid) <
PV(costgrid)
PV(costsolar) <
PV(costgrid) <
PV(pricegrid)

Panel owner benefit
PV(costsolar) < PV(pricegrid)

Positive
The price of purchasing
electricity from the grid is
greater than the cost of the
demand side intervention.

PV(costgrid) <
PV(costsolar) <
PV(pricegrid)
PV(costgrid) <
PV(pricegrid) <
PV(costsolar)
PV(pricegrid) <
PV(costgrid) <
PV(costsolar)

PV(pricegrid) <
PV(costsolar) <
PV(costgrid)
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Negative
The price of purchasing
electricity from the grid is
greater than the cost of the
demand side intervention.

Other ratepayer benefit

Overall ratepayers benefit

PV(pricegrid) < PV(costgrid)

PV(costsolar) < PV(costgrid)

Positive
The cost of providing electricity
Positive
to the panel owner via the grid is The marginal cost of providing
greater than the price for
electricity to the panel owner via
consuming it.
the grid is greater than the
marginal cost of the demand side
Negative
intervention.
The cost of providing electricity
to the panel owner via the grid is
less than the price for consuming
it. If panel owners reduce
demand during periods when
Negative
prices (i.e. average costs) exceed
The marginal cost of providing
costs, then the new average cost
(i.e. price) will be higher for all electricity to the panel owner via
the grid is less than the marginal
consumers.
cost of the demand side
intervention.
Positive
The cost of providing electricity
to the panel owner via the grid is
greater than the price for
Positive
consuming it. If panel owners
The marginal cost of providing
reduce demand when costs
exceed prices (i.e. average costs), electricity to the panel owner via
the grid is greater than the
then the new average cost (i.e.
marginal cost of the demand side
price) will be lower for all
intervention.
consumers.

Results: Individual investment
IRR vs. Electricity use
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IRR vs. Other factors

Sensitivity analysis
Panel Owners
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All ratepayers

The Portuguese electricity system has large fixed costs that solar PV does not avoid.
Increasing the penetration does not avoid these fixed costs. We find that additional solar
PV installations will increase electricity system costs across a wide range of scenarios.

