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PHOTO A. A B100-fired boiler in a Brookhaven National
Laboratorv testina facilitv.




Each ISO has about 10
individual control zones
for operations.

Complex grid network
with central control
system for dispatch and
pricing of power.




Types of Fuel-fired Power Generation Systems

Generator

Transformer

Steam cycle has about 30% steady-state efficiency
with slow start capability. Old technology but still
commonly used.

0.7 to 0.9 tons CO2 per MWh for Natural Gas/Oil

Combustion turbines range in steady-state efficiency from
20% up to 40% . Can ramp up relatively fast (10 minutes

to 2 hours) but high fuel consumption and NOx emissions
at start-up plus efficiency loss at less than full load.

0.6 to 1.2 tons CO2 per MWh for Natural Gas/Oil

Combined cycle can have up to 60% max steady-
state efficiency but only moderate ramp-up
capability (usually 1 or 2 hours) and long period of
high NOx emissions during start-up.

0.4 to 0.6 tons CO2 per MWh for Natural Gas/Oil



Energy Sources for Power Generation in New England

Capacity (MW & %) Energy (GWh & %)

100% 1

BEEETTET 415 1.2% ——— 1,109 1.1%

Wind
N Coal

Other renewables
W Hydro

Pumped storage

Percentage

N Nudear
HOoi
N Natural gas

33,426 MW 103,730 GWh

laimed capability (MW, %) and annual electric

Figure 7-1: New England’s generator wi Ic
energy production (GWh, %) by fuel type for 2018.

Long way to go for solar PV
and wind power to displace
natural gas in marginal
operation.

Natural gas is dominant fuel. Nuclear only 3300 MW capacity due to
retirement of Pilgrim station but runs 24/7 as base load. Oil-fired
generation has substantial capacity but used only during severe grid peak
loads. MSW and wood-fired generation significant but not growing. Solar
PV and wind power growing steadily but with intermittent output.



Natural Gas Spot Market Price Vs. Outdoor Temperature

Daily natural gas spot prices vs. temperatures =
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Pipeline constraints limit natural gas availability in Northeast during cold weather.
Spot market prices start to climb at about 30 deg F. Power plants required to
purchase natural gas only in spot market not via firm price contracts. Fuel cost
about 80% of LMP. High fuel cost = high electricity cost.



ISO New England Example Graph of Wholesale Price Vs. Grid Load
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Prices determined via auctions
at 1 hr and 5 minute intervals.

All generators earn same
market clearing price
determined by highest
successful bidder.

Level of curve beyond 5,000
MW depends on spot market
price of natural gas.

Slope of price curve becomes steeper at higher grid load due to lower efficiency
of generator at margin plus short duration of extreme peaks thus greater impact
of fuel consumption during start-up.



ISO New England Example Hourly Load and Price Graphs

Moderate Cold Weather — February 4, 2019

SYSTEM LOAD GRAPH HOURLY LMP GRAPH

Peak grid loads = peak wholesale prices

Early morning and evening peaks just under 18,000 MW. Peak pricing of
just under $80 per MWh.

Existing peak grid loads already the result of electric heating and range
from 15,000 to over 20,000 MW during the winter.




ISO New England Weekly Average Prices for Wholesale Power

PERIODIC LMP GRAPH
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Highest prices occur during winter months.

Cumulative sum of wholesale prices
determine average supply charges on
customer bills.

Peak power prices hidden from customers.

Many utility and State agency calculations
of heat pump savings use average annual
prices for electricity instead of monthly
values.

Winter prices for wholesale power will continue to rise with added thermal loads.

Everybody pays the higher prices.



Analysis of Biodiesel Vs. Cold-Climate Heat Pump Performance
Single Family Home in New England

Moderate Winter Day
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Simple-cycle generation during peak periods.

Combined-cycle generation during off-peak periods.



Analysis of Biodiesel Vs. Cold-Climate Heat Pump Performance

Single Family Home in New England

Cold Winter Day
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Oil-fired steam-cycle generation at margin during evening peak of about 21,000 MW.

MER shows steps from gas-fired combined cycle to gas-fired simple-cycle to oil-fired
generation then back to gas-fired simple-cycle.



Analysis of Biodiesel Vs. Cold-Climate Heat Pump Performance

Single Family Home in New England

Cold-Climate Heat Pump COP vs. Outdoor Temp

a 2
o
O
1.5 Cold Climate Heat Pump
1 cop
0.5
0
0 20 40 60 80

Outdoor Temperature

First step of analysis includes determination of heat pump COP vs. outdoor temperature.

Data above are based on multiple field testing studies not manufacturer ratings.



Analysis of Biodiesel Vs. Cold-Climate Heat Pump Performance
Single Family Home in New England

Moderate Winter Day

Hourly CO2 Emission Rates lbs/hr
Typical Single Family Home in New England
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Heat pump carbon intensity approximately the same as B50 but with
variations due to peak and off-peak power generation MERs.

B100 still the lowest carbon option vs. cold-climate heat pump.



Analysis of Biodiesel Vs. Cold-Climate Heat Pump Performance

Single Family Home in New England

Cold Winter Day
Hourly CO2 Emission Rates lbs/hr
Typical Single Family Home in New England
January 21, 2019
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Heat pump shows higher carbon intensity than ULSD except during
overnight hours due to lower COPs and higher generation MER.



ISO New England — Impact of Increasing Grid Load

- Wind & Solar 1 One 48,000 Btu/hr cold-climate
= Nudess heat pump adds about 6 kW to grid
e Hydro load on cold winter days.
400 = Coal
== Natural Gas 5,000,000 residential heat pumps
@ Petroleum in New England would add 30,000
300 MW to the peak grid load.
Increasing grid load
E8 One heat pump would consume
200- / about 10 MWh of electricity per
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Total offshore wind power production of 35 million MWh necessary during
December to March to provide for residential heat pump operation.

27,000 MW of offshore wind nameplate capacity necessary at 45% winter capacity
factor. Several times higher than MA/CT/RI offshore wind capacity goals.

Add 50% for commercial/industrial/institutional thermal loads. Problem gets worse.



Looking to the Future

CO2 Emissions (tons per year) for a Typical Single Family Home

2020 2030 2040 2050

ULSD 8.0 8.0 8.0 8.0
B20 6.8 6.6 6.5 6.4
B50 4.8 4.6 4.4 4.0
Cold-Climate Heat Pump 5.0? ?7?7? ?7?7? 1.0?
B100 1.6 1.2 0.8 0.0

B50 and heat pumps competitive during next ten to fifteen years .

Cold-climate heat pump CO2 emissions dependent on hourly grid Marginal Emission
Rates plus achievement of high levels of new renewable generation capacity.



Biodiesel-fired Boilers and Electric Heat Pumps
Typical NOx Emission Factors Ibs per MMBTU Delivered Heat

y
PHﬂfﬂ A. A B100-fired hoiler in a Brookhaven Nationai
Laboratorv testina facilitv.
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FIGURE 3. Emissions

that occurred during the transition from No. 2 heating oil to B100.
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Conclusions

B50 and cold-climate heat pumps can have similar carbon intensity during moderate
winter conditions.

Cold-climate heat pumps can show higher carbon intensity than ULSD under severe cold
winter conditions but can achieve about 40% carbon savings over the entire heating
season though with significant negative impact on grid operations and electricity cost for
all classes of electric ratepayers.

B100 can achieve 80% carbon savings thus double the benefit of cold-climate heat pumps.
B100 remains the lowest carbon option for heating.

Thermal load-weighted ISO New England grid Marginal Emission Rates during winter are
significantly higher than figures used by many policymakers for analysis of heat pump
carbon savings.

Heat pump operation during winter peak periods can result in higher total NOx emissions
than individual fuel-fired heating systems. One 350 MW combined-cycle unit (e.g., GE
Series 7 HA Frame with HRSG) could heat 60,000 homes but would emit NOx equal to
about 120,000 natural gas/Bioheat-fired home heating systems during 2 hr start-up
period. Widely dispersed low-level area sources become Major point source re: USEPA
Title 5 Clean Air Act emissions standards. Possible environmental justice concerns due to
high local emissions in low-income neighborhoods adjacent to power plants.
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Biodiesel Feedstocks for the Northeast

* Recycled cooking oil
* Brown grease

 Soybean oil and
Canola

* Pennycress and other
winter cover crops
gaining interest in
agriculture

e Utilize existing wastes

* Improve market value
for under-utilized co-
products and
byproducts

* Diversity helps
sustainability




Co-products of Food Production

* Protein meal for
livestock feed is the
driver for soybean
production and pricing

20%
Soybean
Oil

80%

Soybean
Meal

e Better utilization of the

oil co-product can
reduce the price of the

protein meal.




What is biodiesel?

Biodiesel is a renewable fuel, derived from natural oils, such as soybean oil,
which meets the specifications of ASTM D 6751.

Biodiesel is not raw vegetable oil.
Biodiesel contains about 10 - 12 % oxygen in chemical structure.
Biodiesel has ultra-low sulfur and nitrogen contents.

Biodiesel can be blended with petroleum-based heating oil and used with little
or no equipment modification.
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America’s Advanced Biofuel

Fuel Specifications — ASTM Standard D6751
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Thousands Btu/gal of BD
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Energy Characteristics of Biodiesel Production

Continuing Improvements in Biodiesel Production

Total Life-cycle Energy Requirements for Soy-based Biodiesel

Agriculture

Crushing

Conversion

36.4

Total

Bu/acre

39
38
37
36
35

38

Yield

B Sheehanetal.

B Updated

25,000 Btu of energy input
yields about 127,500 Btu
output per gallon

About 80% carbon savings



Biodiesel is Advanced Biofuel

Authoring Year GHG reduction compared to
I baseline petroleum
2017 66-72%

Lab.
2015 50%
| usbA  [EPTP) 76%
2011 12%
2011 73-90%
Lab.
| usepA PTG 57%
Argonne National 2008 66-94%
Lab.
| UsePA [TV 22%
Nat. Renewable 1998 78%

Energy Lab.

USEPA and CARB independently confirm LCA values for biodiesel
including indirect land use change. GHG reductions will increase with
further improvements in agriculture (e.g., no-till planting) also use of
solar/wind power for processing and biodiesel for transport.
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Argonne National Laboratory Life-cycle Analysis of Biodiesel

Contents lsts avallable at Sclencebirect

Bioresource Technology

Journsl homepage: www.slsevier.com/locate/biortech

Life cycle energy and greenhouse gas emission effects of biodiesel in the
United States with induced land use change impacts

Rui Chen’, Zhangeai Qin’, Jeongwoo Han®, Michael Wang™, Farzad Taheripour”,
Wallace Tyner”, Don O'Connor”, James Duffield
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ARTICLE INFO ABSTRACT

ords This stuly conducied the updated simulaons to depict a He cycle analysis (LCA) of the biodicel production
Lk eyl anshyts other festocks i the US. It addresed berween

et 1and e change (LUC) fr biodicsel. Relative to the comventionl petoleutn diel, s biodieael dukd chieve
uced o e e 76% retucicn in GHG camissons without cansidering ILLC, or 66-72% reduction i averall GHG emissioms
oo . when vricus LUC caes were cmsidrd Sy biadiee!s il el consumpein rae was a0 80% lower than

oo s s ts pevclcun counterpan. Pirhemore, this sy cxamined e cause and the implication of cach bey pars
meter aficting biodicsel LCA resiks wing a setivie analysis, which sdenafied he bt sposfor fonsl foel
comumpion nd GHG emissias of biodicsel 3 that feure cffes can be made sccordingly. Finally, biodicel
produced contrast with oy bidieel nd
petroleum diesel.

1. Introduction biofuels, biodiesel has gained significant populasity worldwide over the
past two decades. Of the 5.93 billion liers of biodiesel produced in the
gasoline market n the United States is expected to fall in  United States in 2016, soy ofl was the most sbundantly used feedistock,
oming decades due (0 vehicle efficiency gains and vehicle electrifica-  accounting for approximately 5% of all reported Eedstock inputs,
tion, annual diesel consumption in transporiation will incresse from  followed by recycled oil/grease (~13%), distilers com oil (~ 12%),
dntillion (10) Joules by 2040 (EIA, 20164, this is an  animal fat (~10%), and other vegetable ofls (~10%) (EIA, 2016b).
outcome of the expansion of the freight transportation industry fol  These biodiesel feedstocks can also be categorized nto (wo groups
lowing the continuing economic growth. The apposing trends of these  based on thelrfree faty acids (FFA) content: vegetable ofks (such s soy
two liquids’ future demand el producers 1o shift ofl and canola oil) that contain low FFA, and high FFA oils (such as com
their focus from gasoline 10 diesel. Globally, the consumption of iquid  oil, tallow, and grease). Different levels of FFA i biodiesel feedstocks
fuelsin the transportation sector alone s predicied to grow from 1103 can significantly impact the amount of energy and chemical inputs
quintillion Joules in 2015 to 144.3 quintilion Joules in 2040 (EIA,  during the biodiesel conversion, and s parallel comparison of these
). The globally expanding demand for transportation fuels has  types of ol feedstocks can help understand differences and similarities
raised serious concerns sbout supply, energy independence, ecanomic  among feedstocks for biodiesel production.

. ». n general, the Ife cycle of a specific transportation fuel involves a
series of stages that lead from “well” (production of the feedstock) to
“wheel" (combustion of the fuel). The GHG emissions from the co
bustion stage of biofuels are offset by CO fixation while the biomass is
growing. However, the production stage of biofuels can generate rela
feedstacks, and theis nontoxie and biodegradable residues. In parth  tively high GHG emissions due to the use of fossl fuels. Therefore, a Ufe
cular, a5 one of the most commercially produced and consy cyele analysis (LCA) of both the environmental flows and the energy

Recetved 17 Ocsober 2017; Racaved 1 revisad fim 10 Decessber 2017, Accepd 1 Dcnmber 2017
Avatiabic coline 15 Decemmber 2017
09608524/ € 2017 The Author. Pubi e NGND e Gt NCNDAD.

Carbon savings of about 80% and 66-72% total GHG savings depending
on feedstock and including indirect land-use change (ILUC) based on

current practices.
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PHOTO A. A B100-fired boiler in a Brookhaven National
Laboratorv testina facilitv.

B20 blend is a drop-in fuel for residential and commercial boilers

B100 can be implemented through basic technical modifications



Exhibit 5-11: Summary Life-Cycle GHG Emissions Comparison for Residential and
Commercial Boilers in New York City (kg CO,e/NMMBtu)
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Source: ICF Analysis.



Biodiesel — Pathway to a Sustainable Energy Future
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GE Power — Emissions Test Results for Biodiesel

Blends with Oil and Co-firing with Natural Gas

Table 5: Field Test emission results.

Fuel % GT | W/F NOx* 0,* CO* CO,* VOC* Bacharach
Load | w/w (mgv’".\'m“) (% vol) (mgﬁ\'ms (% vol) (mg.-".\'ms) No.
)
NG 100 0 247 154 <1 3.26 1 0
DO 100 0 367 15.5 <1 4.05 1 2.5
RME 100 0 360 15.3 <1 4.33 1 0 to 1
DO 100 | 0.30 198 15.2 <1 4.20 1 2.5
RME 100 | 0.43 161 15.1 1 4.51 - 0
20% RME / 80% NG 100 0 250 15.3 <1 3.49 3 0
20% RME / 80% NG 100 0.5 105 15 1 3.67 3 0
50% RME / 50% NG 100 0 294 154 <1 3.74 2 0
70% RME / 30% NG 100 0 325 154 <1 3.92 1 0
70% RME / 30% NG 100 | 0.46 135 15.1 1 4.12 2 0
RME 75 0 247 16.1 1 3.38 2 0.5
RME 75 0.24 178 16.6 1 3.37 2 0
[ RME [ 50 | o 166 176 | 5 2.65 3 0
[50% RME /50%DO | 100 | 0 367 151 | <1 4.38 1.6 -

Lowest Nox levels achieved by co-firing with natural gas and biodiesel/water emulsion




Perspectives on Renewable Power Generation

Life Cycle GHG Emissions from

Electricity Generation Technologies

Technologies Powered by X Technologies Powered by
Renewable Resources Non-Renewakle Rescurces

S

3.

8

2

8 Key to box plot T ’[

& Max | ‘

3 76m ‘ ;

g Median . 1 .I.

600 pL -L )

é Min J- |

o T *

3

i | S

= 0 =F L _ N S _ N

00
v o ° - ° o
LI IR AR R AR RE AR AR AR ]
$ 22| 8 (3 |2 | 3|2 |3 |8 | %|:2B|:}
- §§ g (3 (3|7 T ¢ ©° &% 323
£1lo T £ 5z 8" 3
=

Biodiesel-fired power generation in same general range
of carbon intensity as other renewable energy sources



