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Renewable Energy: Topics Today 

• Sources of energy in U.S. 

• What is renewable energy? 

• Benefits and trade-offs of renewable energy 

• Development of renewable energy in the U.S. 

• Renewable energy integration 

• Policies to encourage renewable energy and distributed 
generation 

• Tracking renewable energy generation 

• Estimating benefits for state air quality management plans  

 

 



U.S. Energy Sources Overall 
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Expansion of Wind Power in the U.S. 
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What Is Renewable Energy? 
• An energy source that is naturally replenished 

– Uses natural motive force or, properly managed, regeneration 
can be sustained indefinitely  

– Conventional hydro often not included in state renewable 
portfolio standards, but other kinds of hydro may be of interest* 

• Examples include: 
– Solar – photovoltaic (PV), concentrating solar power (CSP), 

solar hot water, passive solar 

– Biomass 

– Wind 

– Geothermal 

– Hydro – e.g., conventional, run of river, wave 

– Landfill gas 
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*New USDOE report, An Assessment of Energy Potential at Non-Powered Dams in the 
United States, found 225 MW of potential electric capacity in the Pacific Northwest at dams 
that today do not produce energy (but provide services such as water supply or navigation): 
http://www1.eere.energy.gov/water/pdfs/npd_report.pdf (map in Additional Slides)  

http://www1.eere.energy.gov/water/pdfs/npd_report.pdf
http://www1.eere.energy.gov/water/pdfs/npd_report.pdf
http://www1.eere.energy.gov/water/pdfs/npd_report.pdf


• Distributed generation is smaller- 
scale power technologies located  
close to the load being served.  

• Renewable energy options range  
from solar PV to biomass-fueled  
combined heat and power facilities. 

• Distributed generation can improve  
system reliability, reduce line losses and lower emissions. 

• From customer perspective, some applications may lower 
long-term costs and provide more reliable service 

• Only 0.5% of U.S. electric generation in 2000, expected to 
be 11% of capacity additions through 2025 (CBO, EIA) 
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What Is Distributed Generation? 

Biogas fuel cell at an Oregon 
wastewater treatment plant 



Multiple Benefits of Renewable Energy (1) 

• Environmental 
– Apart from biomass combustion, little or no air 

pollution  
• After manufacture of the devices 

– Less or no thermal pollution 

– But land and wildlife disturbance with conventional 
hydro, large CSP and wind, etc. plus transmission 

– Reinforces importance of: 
• Communication between environmental and energy agencies 
• Consideration of externalities in all cases 
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Multiple Benefits Renewable Energy (2) 

• Energy Security and Reliability 

– More distributed resources can reduce disruptions  

– Greater resource diversity 

• National Security 

– Less vulnerable to supply/price volatility 

• Economic 

– Using local resources keeps jobs, money close to home 

– Positive trade flows 
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Consider Trade-Offs, Too 

• Direct emissions 
– Some forms of renewable energy (e.g., biomass 

combustion) have significant emissions 

• Indirect (lifecycle) emissions 
– Manufacture, transportation, and decommissioning of 

renewable energy technologies  
• But this is not unique to renewable energy; conventional 

generation technologies share many of the same issues. 

• Another reason for communication and 
coordination between air and energy regulators 
about externalities 

 

 



Hot Renewable Energy Topics in Region 10 

• Siting of new renewable energy facilities and 
transmission lines, including wildlife conflicts 

• Wind curtailment, pitting wind vs. hydropower 

• Integrating wind and solar, including proposed 
transmission and new energy imbalance market 

• Renewable portfolio standards compliance – much more 
renewable energy needed to meet RPS in OR, WA and 
AK 

• Initiatives to facilitate distributed generation (e.g., feed-
in tariffs) and smart grid (see Additional Slides) 
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Integration 



Integration Challenges for Renewable Energy 

• Variability – The range of expected load and generation  

– Renewable and conventional plants may be unavailable or 
capacity-limited (partial outages) 

– Load also varies by seconds, minutes, hours, day type and weather 

• Uncertainty – When and how much load and generation will 

change 

– Operators plan based on forecasts of needs and generation 
sources. Some error is inherent. 

• Wind and solar are variable – daily or seasonal patterns  

• Uncertainty of wind and solar output due to unknown 
changes in weather (e.g., no wind, cloud cover)  

• Variability is reduced with more resources spread over a 
wider area (diversity of weather patterns)  
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Integration Challenges for Western U.S. 

• State renewable energy standards in place today will 
more than double renewable resources in Western U.S. 
by 2022, compared to 2010,* and levels could go higher 

• 37 balancing authorities  
– “The responsible entity that integrates resource plans ahead of time, maintains 

load-interchange-generation balance within a Balancing Authority Area, and 
supports Interconnection frequency in real time.” (NERC) 

• Outside California and Alberta, no organized energy 
markets – so no standardized, “fast” markets (e.g., 5 to 
15 minute scheduling) or energy imbalance markets 
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*Heidi Pacini, Western Electricity Coordinating Council, “TEPPC 2022 Common Case – Conventional and Renewable 
Resource Assumptions,” Feb. 10, 2011, http://www.wecc.biz/committees/BOD/TEPPC/20120106/default.aspx?InstanceID=1.  

http://www.wecc.biz/committees/BOD/TEPPC/20120106/default.aspx?InstanceID=1


Integration Is Not a Unique Issue to 
Renewable Resources 

• Many types of generation 
impose integration costs 
– New, inexpensive base-load 
• Causes other units to incur cycling 

cost, lower capacity factor 

– Large units that increase 
contingency reserve 
• Increases cost of contingency 

compliance for others in the pool 

– Conventional plants that impose 
regulation cost 

– Wind and solar 

• Integration costs are not always 
based on cost-causation (but 
should be) 

15 

Milligan, M.; Ela, E.; Hodge, B. M.; Kirby, B.; Lew, D.; Clark, C.; DeCesaro, J.; Lynn, K. (2011). Cost-
Causation and Integration Cost Analysis for Variable Generation. NREL Report No. TP-5500-51860 

PGE’s Boardman coal plant 

http://nrelpubs.nrel.gov/WebtopSecure/ws/nich/int/nrel/Record?rpp=25&upp=0&m=1&w=NATIVE('TITLE_V+ph+words+''cost+causation''')&order=native('pubyear/Descend')
http://nrelpubs.nrel.gov/WebtopSecure/ws/nich/int/nrel/Record?rpp=25&upp=0&m=1&w=NATIVE('TITLE_V+ph+words+''cost+causation''')&order=native('pubyear/Descend')
http://nrelpubs.nrel.gov/WebtopSecure/ws/nich/int/nrel/Record?rpp=25&upp=0&m=1&w=NATIVE('TITLE_V+ph+words+''cost+causation''')&order=native('pubyear/Descend')


Western Wind and Solar Integration Study (1) 

• Analyze operating 
and cost impacts of 
meeting 35% of 
energy use in 2017 
from wind and 
solar* 

• Five Western states 
(WestConnect area) 

• Not a transmission 
study 
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*Solar = 70% concentrating solar 
power (6 hours thermal storage) and  
30% distributed photovoltaics  
 
http://www.nrel.gov/wind/systemsintegrati

on/wwsis.html 

 

http://www.nrel.gov/wind/systemsintegration/wwsis.html
http://www.nrel.gov/wind/systemsintegration/wwsis.html


• 5-state area can integrate 30% wind plus 5% solar assuming (note 
that some of these require changing Western U.S. practices): 

– Balancing authority area cooperation to reduce net load variability 

– Subhourly generation scheduling  

– Greater transmission utilization 

– Coordinated generation dispatch 

– Best wind/solar forecasts for unit commitment and operations 

– More dispatchable generation and demand response 

– Some additional operating reserves 

• 5-state area has enough reserves to cover variability 95% of the time 

– Displacement of fossil-fuel resources frees up reserves 

• Energy storage not needed 

– Dispatched generation is cheaper 

– See Additional Slides for storage options for higher penetration levels 

• 30% wind scenarios yield $20 billion in savings/year* 
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Western Integration Study (2) - Conclusions 

*Study only analyzed operating costs, not capital costs. 



Western Integration Study (3) – Phase 2 
• Work plan 

– Get better data for wear and tear costs of thermal power plants 
during on/off cycling and ramping 

– Examine emission impacts of cycling and ramping in more 
detail 

– Optimize unit commitment and economic dispatch and examine 
impact of increasing penetrations of wind, solar on thermal units 

– Examine mitigation options to reduce costs of thermal unit 
cycling and ramping 

• Some conclusions so far 

– Startups and part-load efficiencies affect emissions, but ramping 
has a very small impact 

– The type of thermal unit on the margin, and its emissions 
performance, is more important than cycling 
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Source: Debra Lew and Greg Brinkman (NREL), Steve Lefton (Aptech), presentation to WestConnect, 11/16/11 



How Can Grid Flexibility Be Increased?  

• Flexible Generation  
– Combustion turbine gas plants, hydro (if not constrained), reciprocating 

engines  
– Plants can be modified to ramp more easily  
– As inflexible generators retire, replace with more flexible plants 
– May need incentives to adopt most flexible technologies  

• Institutional flexibility  
– Fast energy markets can help manage fluctuations more easily  
– Large balancing areas can access more resources to address variability 

(net out changes in smaller areas)  
– Use of advanced forecasting techniques  

• Demand response – interruptible loads can respond very 
rapidly, cost-effective form of flexibility  

• Plug-in electric vehicles in the future  
– Can use electricity off peak 

• Energy storage – e.g., pumped hydro, compressed air energy 
storage, batteries  

19 Source: Lori Bird and Debra Lew, National Renewable Energy Laboratory 



Flexibility Supply Curve 
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Western Governors’ report on reducing 
integration costs: operational and market tools, 

flexible demand- and supply-side resources 

6. Improve reserves 
management 

7. Retool demand response 
to complement variable 
generation 

8. Access greater flexibility 
in the dispatch of existing 
generating plants  

9. Focus on flexibility for 
new generating plants 

1. Expand subhourly 
dispatch & scheduling  

2. Facilitate dynamic 
transfers between 
balancing authorities  

3. Implement an energy 
imbalance market  

4. Improve wind and 
solar forecasting  

5. Take advantage of 
geographic diversity of 
resources 

 

Draft report, Meeting Renewable Energy Targets in 
the West At Least Cost: The Integration Challenge, at  
http://www.westgov.org/wieb/meetings/crepcsprg201
2/briefing/WGAivg.pdf  

http://www.westgov.org/wieb/meetings/crepcsprg2012/briefing/WGAivg.pdf
http://www.westgov.org/wieb/meetings/crepcsprg2012/briefing/WGAivg.pdf
http://www.westgov.org/wieb/meetings/crepcsprg2012/briefing/WGAivg.pdf
http://www.westgov.org/wieb/meetings/crepcsprg2012/briefing/WGAivg.pdf


Policies to Encourage 
Renewable Energy 
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• Non-Financial 

– RPS policies   

– RPS “carve-outs” for 
distributed 
generation 

– Net metering 

– Interconnection 
standards 

– 3rd-party power 
purchase agreements  

– Standard offer 
contracts 
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Many State & Local Approaches Now in Use 

• Financial 

– Grant programs 

– Loan programs 

– Rebate programs  

– Funding through system 
benefit charges on  bills 

– Feed-in tariffs 

– Property Assessed Clean 
Energy financing 

– Tax incentives – property 
and sales, tax credits 



Significant Federal Financial Incentives 

• American Recovery and Reinvestment Act: $1.5 billion 
for renewable energy 

• Production Tax Credit: 2.2¢/kWh for wind, geothermal, 
closed-loop biomass for first 10 years of operation 

• Investment Tax Credit: 10-30% of expenditure 

• Clean Renewable Energy Bonds and Renewable Energy 
Production Incentive for municipal utilities and 
cooperatives  

24 



Renewable Portfolio Standards 

• Require retail electricity providers to 
generate or purchase a portion of their 
power from renewable sources 
– Energy-based (percentage of retail sales) or capacity-based 

(megawatt targets) 

– Typically backed with penalties 

– Most implemented through legislation; 
some through voter initiative or  
regulatory action 

– All states in the West have an RPS except  
ID and WY 

– Some jurisdictions allow “Alternative Compliance 
Payments” in lieu of acquiring renewable energy 
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RPS Requirements Differ State to State 
• Targets and timeframes 

• Based on capacity (MW) or energy (MWh, % of sales) 

• Eligible fuels and technologies 

• Date generator (or incremental generation) began operation 

• Required levels or credit multipliers for resources like solar 

• Whether customer-sited (distributed) resources are eligible 

• Whether power must be generated in – or delivered to – the state 

• Whether obligation is imposed (and equally) on all suppliers 

• Banking of renewable energy credits for future year compliance 

• Penalties and flexibility mechanisms 

• Cost caps 

• Funding support 

• Whether energy efficiency can be used to meet part of requirement 

• Credit for solar thermal energy  
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RPS Policy: Alaska 

• Non-binding goal enacted in 2010 

• Affected Utilities: N/A 

• Target: 50% by 2025 

• Eligible resources not defined in legislation 

• No penalties or incentives 
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RPS Policy: Idaho 

• None 

• Strong PURPA regulations ‘til recently – 
standard avoided cost rates for projects up to 10 
average megawatts (e.g., a 30 MW wind project) 
led to significant wind development 

– On Dec. 3, 2010, the Idaho Public Utilities 
Commission returned to 100 kilowatt project size for 
standard avoided cost rates (federal minimum 
requirement) for wind and solar – pending outcome 
of ongoing Commission investigation 

28 



RPS Policy: Oregon 

• Mandatory standard enacted via 2007 legislation  

• Affects all utilities and retail electric suppliers 

29 

2011 2015 2020 2025 

3 Largest utilities 5% 15% 20% 25% 

5 Smaller utilities --- --- --- 10% 

32 Smallest utilities --- --- --- 5% 

Aggregated target 
for regulated 

utilities 

--- --- 20 MW from PV 
systems 500 kW-5 MW 

--- 

• Penalties for regulated utilities and retail suppliers 
established by PUC - $50/MWh short 



RPS Policy: Washington 

• Mandatory standard enacted via 2006 ballot 
initiative 

• Affects all utilities serving >25,000 customers 
(~84% of all load) 

• Targets:  

– 3% each year, 2012-2015 

– 9% each year, 2016-2019 

– 15% by 2020 and thereafter 

• Penalty = $50 (+inflation) per MWh short 
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Tradable Renewable Energy 
Certificates and Tracking Systems (1) 

• To facilitate compliance, most states allow renewable 
energy certificates (RECs) procured separately 
(“unbundled”) from the associated electricity to satisfy at 
least a portion of the renewable resource obligation 

• Most  tracking systems have added attributes to support 
other state, provincial, or regional programs or 
requirements such as solar set-asides, voluntary utility 
green-power programs and emissions tracking. 
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One megawatt-hour 
of electricity from  

a renewable resource Commodity Electricity 

One Renewable Energy 
Certificate 



Tradable Renewable Energy Certificates and 
Tracking Systems (2) 

• Western Renewable Energy  
Generation Information System  
database is designed to issue, register and track all RECs 
in the Western Interconnection  

 Protects against multiple-counting and selling 

 Provides infrastructure for REC trading* 

 Verifies compliance with renewable portfolio 
standards and green power claims 

 Uses independent, verifiable and reliable data 
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*WREGIS is not a trading platform. 
 



Clean Energy Standards 

• Electricity portfolio standard that sets aggregate 
sales targets for utilities 

• Provide greater flexibility by defining clean 
energy more broadly than just renewables 

• A promising option for states where narrowly 
defined renewable electricity policies have less 
appeal 

33 

RAP and Pew Center on Global Climate Change, Clean Energy Standards: State and Federal 
Policy Options, http://www.c2es.org/publications/clean-energy-standards-state-federal-
policy-options-implications  
 

http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications
http://www.c2es.org/publications/clean-energy-standards-state-federal-policy-options-implications


Bingaman Clean Energy Standard Bill 

• Resources with lower GHG emissions than coal (e.g., 
natural gas) get partial credits in proportion to how 
much lower the emissions are 

• Region 10 states are well positioned for compliance and 
for selling excess credits  

34 

State % Energy Considered 
“Clean” in CES Bill – 

2010 

Meets CES Target 
Thru Year 

ID 65% 2028 

OR 51% 2024 

WA 45% 2022 

AK 35% 2018 



Policies to Support Distributed Generation 

• PURPA 

• Net metering 

• Feed-in tariffs 

• Financial incentives – grants, tax credits, low-
interest loans (see Additional Slides) 

• Complementary regulations – e.g., standby 
rates, interconnection (won’t discuss today) 
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PURPA 

• Federal PURPA requires (non-exempt) utilities to buy all 
energy and capacity offered by Qualifying Facilities – 
renewable resources up to 80 MW and efficient 
cogenerators of any size – at avoided cost rates* 

– States have broad discretion to set facility size eligible for 
standard avoided-cost rates and standard contract terms 
• For example, Oregon provides Qualifying Facilities up to 10 MW with fixed 

pricing for 15 years, plus an additional 5 years with some portion of pricing 
based on then-current market conditions. 

• States must set standard avoided cost rates at least for systems ≤100 kW 

─ At most, avoided cost is the cost of avoided new 
generation, including all capital costs, but often just 
avoided energy cost (primarily fuel) 

─ Regardless, rate is usually insufficient to incent 
renewable resources at level targeted by state  
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* The Public Utility Regulatory Policies Act (1978) authorizes states to set avoided cost rates in 
accordance with federal regulations. Where organized markets meet functional tests, utilities may 
receive FERC exemption for obligation to buy from QFs over 20 MW. 



Net Metering (1) 

• Net metering allows customers to generate power on-site 
from eligible resources. 

• During monthly billing period, utility bills customer-
generator for net energy consumed 

– Energy customer consumes - Energy customer produces  

• Treatment of “net excess generation” varies  

– Applied to subsequent monthly bills as a kWh credit until end of 
annual billing period (or beyond) – credit is applied at full retail 
rate to all charges that use kWh  
as billing unit or 

– Credited at utility’s avoided  
cost rate 
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Net Metering 

State policy 

Voluntary utility program(s) only 

www.dsireusa.org / June 2011 

* At least some portion of state policy applies only to certain utilities 

WA: 100 

OR: 25/2,000* 

CA: 1,000* 

MT: 50* 

NV: 1,000* 

UT: 25/2,000* 

AZ: no limit* 

ND: 100* 

NM: 80,000* 

WY: 25* 

HI: 100 
KIUC: 50 

CO: no limit 
co-ops & munis: 10/25 

OK: 100* 

MN: 40 

LA: 25/300 

AR: 25/300 

MI: 150* 
WI: 20* 

MO: 100 

IA: 500* 

IN: 1,000* 

IL: 40* 

FL: 2,000 

KY: 30* 

OH: no limit* 

GA: 10/100 

WV: 25/50/500/2,000 

NC: 1,000* 

VT: 20/250/2,200 

VA: 20/500* 

NH: 100 

MA: 60/1,000/2,000/10,000* 

RI: 1,650/2,250/3,500* 

CT: 2,000* 

NY: 10/25/500/1,000/2,000* 

PA: 50/3,000/5,000* 

NJ: no limit* 

DE: 25/100/2,000 
co-ops & munis: 25/100/500  

MD: 2,000 

DC: 1,000 

Note: Numbers indicate individual system capacity limit in kW. Where limits vary by customer type, the first figure is for residential systems, the second 
figure is for non-residential systems. “No limit” means no stated maximum size for individual systems. Limits also may vary by technology, application. 
           

NE: 25 

KS: 25/200* 

ME: 660 
co-ops & munis: 100 

PR: 25/1,000 

AK: 25* 

DC 



Net Metering - 3 
 • Net metering looks like a  

reduction in energy use. 
– Utility supplies only net  

consumption 

• Net metering reduces peak  
demand 
– Solar produces energy almost  

exclusively during peak hours (Sunday is off-peak), reducing 
energy needs when energy costs are highest 

– Other resources also reduce peak demand to the extent they 
produce power during peak hours 

• Also benefits for utility T&D system 
– Reduced line losses 
– Deferral of some planned distribution system upgrades (in 

concert with energy efficiency and demand response) 
– See, e.g., R.W. Beck study for Arizona Public Service, Distributed Renewable Energy 

Operating Impacts and Valuation Study, 
http://www.solarfuturearizona.com/Resources/Documents/Solar%20DE%20Study.pdf  
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http://www.solarfuturearizona.com/Resources/Documents/Solar DE Study.pdf
http://www.solarfuturearizona.com/Resources/Documents/Solar DE Study.pdf


Feed-in Tariffs 

• Primary goal: High penetration of  
renewable resources quickly 

• Utilities obligated to purchase electricity  
from renewable energy generators 

• Standard long-term power purchase agreement with utility or grid 
operator 

– Typically 15 to 20 years; may include priority purchase  

• Prices may vary by technology, size, resource quality and location; 
may decline over time to encourage innovation 

• Pricing models 

– Cost of renewable energy project (including profit) 

– Value to utility/society – avoided costs based on a natural gas plant or 
market purchases; may include avoided emissions and avoided T&D 
costs, mitigation of fuel price volatility and diversity benefits  

– Market mechanisms – RFPs and auctions  

• Right to interconnect to grid – may include priority access 
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Oregon Feed-in Tariff 

 HB 3039 (2009) and HB 3690 (2010) required the 

PUC to establish pilot programs to demonstrate the 
effectiveness of volumetric incentive rates*  

—For solar photovoltaic systems only 

— Installed by retail customers of electric companies (about 
75% of state’s load)  

—Pilot ends when 25 MW of systems are installed or 3/31/15 

– 500 kW cap on individual system size 

– Customer gets fixed rate for 15 years  

– Renewable energy credits count toward RPS compliance 

– Participants cannot get state energy tax credits or grants – 
testing alternative to that approach 

41 

*Details on rate-setting in Additional Slides 



Renewable Energy and State Air 
Quality Management Plans 



Estimating Benefits of Renewable 
Energy Policies (1) 

• Factors to consider: 
–  The nature of the drivers: 

• RPS: voluntary or mandatory? 
• RPS definition: What’s included? Are there different 

classes or categories? 
• Investment or production tax credits: expiration dates? 

– The nature of the resource:  
centralized or dispersed? 
• Wind farms, concentrating solar,  

large biomass 
• Residential PV, solar thermal hot  

water, small scale biomass 
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Estimating Benefits of Renewable 
Energy Policies (2) 

• Factors to consider (continued): 

– Output from resources (MWh) is typically 
measured directly, but… 

– Units < 1 MW may not be tracked or accounted 
for in the information systems of transmission 
operators, or in EIA’s Annual Energy Outlook 

– Dispersed renewable energy, like energy 
efficiency, may focus in urban areas and have 
greater emissions benefits 
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• Conceptual framework: 

1. Estimate amount and timing of energy 
provided by renewable energy 

2. Estimate emissions reductions resulting 
from displaced fossil generation 

3. Model the impact of emission 
reductions on ambient air quality 

45 

Including Benefits in State Air Quality 
Management Plans (1) 



Including RE Benefits in in State Air Quality 
Management Plans (2) 

• Review state policies for levels, 
enforceability, etc. 

• Review characteristics of resources: 
– Coincidence of RE output with electricity demand 

and pollutant concentrations 
• On-shore wind behaves differently from off-shore wind 

• Wind on ridge tops behaves differently than wind in 
valleys 

• Solar PV output has good coincidence with summer 
peak demand and ambient ozone levels 
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Including RE Benefits in in State Air Quality 
Management Plans (3) 

• RE resources whose output coincides with 
peak electricity demand and higher 
pollution levels have excellent air quality 
benefits 
– Note that coincidence periods can be at any time of 

day; some air quality management areas have high 
PM and ozone levels at night 
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Including RE Benefits in in State Air Quality 
Management Plans (4) 

• Determine future RE penetration and resource 
type 

• Include local/county requirements and other 
programs that result in additional RE resources 
(above and beyond RPS) 
– Example: Utility green power policies may be a 

voluntary/emerging pathway strategy for SIP credit 

• Identify and follow appropriate path from EPA’s 
EE/RE manual to formally include RE resources 
in SIPs 
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About RAP 

 The Regulatory Assistance Project (RAP) is a global, non-profit team of experts that 
 focuses on the long-term economic and environmental sustainability of the power 
 and natural gas sectors. RAP has deep expertise in regulatory and market policies 
 that: 

 Promote economic efficiency 
 Protect the environment 
 Ensure system reliability 
 Allocate system benefits fairly among all consumers 

 
 Learn more about RAP at www.raponline.org 

Lisa Schwartz, Senior Associate 

lschwartz@raponline.org 

802-498-0723 (o); 541-990-9526 (m) 

Chris James, Senior Associate 

cjames@raponline.org 

617-861-7684 

mailto:lschwartz@raponline.org
mailto:cjames@raponline.org


Additional Slides 
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An Assessment of Energy Potential at Non-Powered Dams in the United States, 
http://www1.eere.energy.gov/water/pdfs/npd_report.pdf  

http://www1.eere.energy.gov/water/pdfs/npd_report.pdf


Development in the U.S. 

• Three phases: 

– 1978-1990: Federal Public Utilities Regulatory Policy 
Act of 1978 (PURPA) required utilities to purchase 
power from “qualifying facilities” (renewables up to 80 
MW and cogeneration of any size) at “avoided cost” 

– 1990-1996: Stagnancy due to electric industry 
restructuring, low natural gas prices, repeal of 
incentives, etc. 

– 1997-today: New era – federal production tax credit 
and investment tax credit offered, and  states adopt 
renewable portfolio standards, net metering, green 
power choice, incentives (in some cases funded by 
system benefits charges on retail customer bills) 
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Renewable Energy Outlook – Enthusiasm or Fatigue?  
Utah 

Montana 

New Mexico 

Colorado 

California 

Washington 

Oregon 

Significant increases in renewable 

energy needed in upcoming years to 

meet RPS requirements – at the 

same time as low natural gas prices 

2x  3x 

Nevada 

Arizona 

Source: Analysis Group 

2011 



Renewable Energy – Fastest Growing Segment 

• Generation: Non-hydro renewable energy grew 14.4% in 
2009 (19.8% in 2008) 

– Wind up 33.5%, solar up 3.1% in 2009 

– Non-hydro renewable energy increased 87% from 1998 to 2009 

– Conventional generation: -4.1% overall; -11.6% for coal in 2009 

• Capacity: Renewable energy gained 10,647 MW in 2009 

– Mostly wind (9,645 MW) – up 39% over 2008; 63% of all 2009 
capacity additions in 2009 (natural gas was only 3,812 MW) 

– Solar (83 MW) – up 15.5% over 2008; new plants getting larger 
(~20 MW) and 150-700 MW-size installations are being planned 
(e.g., Genesis Solar, Spring Valley Wind, etc.) 

54 

Source: EIA, Electric Power Annual, April 2011 
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Renewable Energy vs. Energy Efficiency 

• Renewable Energy 

– Generation can be directly 
measured 

– Like other power plants, 
projects must be complete 
before output occurs 

– Electricity from renewable 
energy generators can be 
transmitted across long 
distances, but may be used at 
or near host site  

– Some forms create air 
emissions (biomass, landfill 
gas combustion, geothermal) 

• Energy Efficiency 

– Calculation of benefits requires 
auditing and statistical 
sampling to determine energy 
savings (but programs may use 
assumed savings for certain 
measures)  

– Benefits begin as soon as the 
first measure is installed 

– Benefits are more local 

– Can defer or avoid the need to 
upgrade or construct new 
transmission 
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Clean Energy Standards Adopted by Five States 
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Pennsylvania (enacted in 2004):  
Coal bed methane, waste coal, 
coal IGCC 

Michigan (2008): 
Coal with CCS, gasified coal 

Ohio (2008): 
Coal with CCS, Gen III nuclear 

West Virginia (2009) 
Coal bed methane, waste coal, 
coal with CCS, coal gasification 
or liquefaction, natural gas, 
synthetic gas, and GHG offset 
projects 

Indiana (2011) – Voluntary 
Coal bed methane, nuclear 
power, and natural gas (if used 
in a new facility in Indiana that 
displaces electricity generation 
from an existing coal-fired 
facility) 

 
 

 



Implications of Clean Energy Standards 
for Air Modeling 

• When we combine energy efficiency, 
renewable energy, thermal energy, and 
“clean” fossil fuel generation, it could 
become much harder to forecast emission 
impacts. 

• Some of these technologies (e.g., some 
variations on coal with carbon capture) 
could potentially increase emissions of 
some pollutants 
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• Standard, administratively set “cost-based” rate for 
systems <10 kW to fully cover installed system cost 

– Lottery to manage strong demand 

– April 1, 2012, rate: ~32¢ to ~41¢ per kWh, varying by location 

• Annual competitive solicitation for projects >100 kW to 
≤500 kW 

─ Selection of systems based on bid rate only 

─ 25% of program capacity is allocated to these larger systems 

─ Testing both rate-setting approaches for medium-size 
systems (10 kW to 100 kW) 

─ October competitive bidding – 20¢ to ~34¢ per kWh for Pacific 
Power; 26¢ to ~42¢/kWh for PGE (2011) 

─ April window for standard offer rate - 25¢ to 28.5¢/kWh (2012) 
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Rate-Setting for Oregon Feed-in Tariff 



Distributed Generation Incentives 

• Grants and rebates 
– e.g., USDA  

• Federal tax credits through 2016 
– For businesses, 30% federal tax  

credit for wind up to 100 kW and  
solar and fuel cells of any size;  
10% tax credit for geothermal, micro-turbines ≤2 MW, 
and combined heat and power systems ≤50 MW 

– For homeowners, 30% tax credit for solar, wind, fuel 
cells 

• Accelerated depreciation through 2012 
• Low-interest, long-term financing 
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More information:  
http://www.dsireusa.org/incentives/index.cfm?State=US&ee=0&re=1  

http://www.dsireusa.org/incentives/index.cfm?State=US&ee=0&re=1
http://www.dsireusa.org/incentives/index.cfm?State=US&ee=0&re=1
http://www.dsireusa.org/incentives/index.cfm?State=US&ee=0&re=1


Electricity Storage 

• Why Storage? (demand vs. generation timing, cost, 
source variability (e.g., RE)) 

• Evolution of Electricity Storage (pumped storage) 

• New Capabilities Provided by Advanced Storage 
Technologies 

• Application Areas for Advanced Electricity Storage 

• Supporting Renewable Deployment and Emission 
Reductions 

• Smart Grid - Key to Full Utilization of Electricity Storage 
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Electricity Storage Applications 

• Generation Applications 
– Regulation or Automatic Generation Control Service 
– Primary or Governor Response 
– Real-time Dispatch/Balancing Energy 
– Renewables Balancing 
– Diurnal and Longer Time Shifting 
– Reserves; Distributed Generation 

• Transmission & Distribution 
– Voltage Support 
– Transmission Time/Load Shifting 
– Stability-Related Applications 
– Transmission/Distribution Deferral 
– Radial System Reliability Improvement 

• Electrification of Transportation 
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Electricity Storage Technologies (Examples) 

• Batteries 
– Lead-Acid 
– Nickel-Cadmium and 

Nickel-Metal Hydride 
– Lithium-Ion  
– Sodium-Sulfur (NaS) 
– Zinc-Bromine 
– Vanadium Redox 

• Flywheels 

• Compressed Air (CAES) 

• Pumped Hydro; Ice 

• More Technologies in 
Development 
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What is “Smart Grid”? 

• An interconnected system of information and 
communication technologies that works with 
other technologies throughout the electricity 
system that can:  
– Help utilities and consumers manage energy use  
– Increase system reliability through automation  
– Improve integration of clean energy resources 

• Distinguishing features of smart grid:  

– Engages the customer, and  

– Integrates supply and demand 
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Promise of Smart Grid 

• Improved grid reliability,  
security and efficiency 

• Timely information for      
 consumers and new      
 opportunities for saving       
 energy and money 

• Massive increases in demand response, energy 
efficiency, energy storage, distributed generation 
and large-scale renewable resources 

• Electrification of the transportation sector 
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Caution: Smart Policies Are Needed to 
Realize Smart Capabilities (Examples) 
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Smart Capabilities Smart Policies 

Allow interconnected 

distributed generators to run 

during utility outages 

Support investments in clean distributed resources, 

simplify interconnection requirements and procedures, 

net metering, enable excess power sales 

Dynamically integrate wind 

and solar resources 

Better planning for renewable resources and 

transmission, support utility investments  

Continuous building 

diagnostics 

Invest in efficiency programs for buildings and major 

energy-consuming equipment for all customer classes 

Optimize voltage and 

reactive power 

Remove barriers for utility investments to improve 

distribution system efficiency 

Increase demand response Supportive rates or incentives, consumer access to 

energy usage data, support for automated controls 


