
Power system in transition: 
technological progress, 

environmental targets, and 
business model



Presentation Outline

• Global trends in renewable technologies
• Solar/wind trends and policies in US
• Evolving regulatory/business schemes
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Today I will discuss three things: 1) trends and policies in US on DG, 2) the optimiation tools we are developing at Berkeley Lab on distributed energy systems, 3) a microgrid pilot on UC Irvine campus



Why Energy Matters for Development?

 Modern economy built on fossil energy
 Each energy technology revolution has led major changes in economy and 

productivity

 Concerns over energy security is a driving force in geo-politics
 The Middle-East; Russian gas supply to Europe; expanding Chinese navy

 Largest source of GHG emissions today, around two-thirds of global 
total 
 Planetary safety depends a total re-vamping of energy economy

 Providing Access to clean energy is essential to meet MDG
 1.2B people lack access to electricity; 2.7B people lack access to clean cooking 

 Largest source of air pollution, linked to 6.5 million premature deaths 
per year
 China and India (both out-door and indoor)



Urban Sprawl

Severe Congestion Air Quality and Public Health

Dangerous for People

The Challenges



Air Quality is a major Social, Economic, and Environmental Issue in China

Presenter
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Comment on the air bubble for american school in BJ



Global energy landscape is changing rapidly

 Rapid technological progress, environmental and 
climate goals, and evolving business models

 Renewables supplied half of global electricity demand 
growth in 2016, due to rapid cost reduction in solar and 
wind
 China leads the world in both solar and wind investment

 Electric car sales were up 40% in 2016, a new record 
year
 Tesla market valuation higher than GM
 Volvo stopping making pure gasoline and diesel cars in 2019

 Traditional energy companies facing tough challenges
 Largest three coal companies went bankrupt in US
 Electric utilities facing sales migration and low electricity 

market prices 



Despite rapid progress, the world is far away from sustainable path

IEA, ETP 
2017



New power investment mostly in non-fossil
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Global wind power grew 7 folds 2006-2016
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REN21, 
Renewable 2017



Global wind top 10
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Offshore wind growing rapidly in EU
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UK 2017: 57.5 pound/MWh vs 92.5/MWh for nuclear 

Presenter
Presentation Notes
UK has the latest offering at 57.5/MWh, compared to nuclear of P92.5/MWh, 40% cheaper.



Global Solar 2006-2016: grew 50 times
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Global Top 10 solar: total capacity
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Global Top 10 solar: new additions
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Central, DG, and Off-grid solar
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Solar thermal heating and cooling
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Solar Water Heating
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Off-grid solar systems
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Multiple Deployment Drivers

• Falling costs and improving performance
• Policy intervention at national and state levels
• Business and financing innovations

• third party ownership
• private loans, PACE, etc.
• shared / community solar

19

Presenter
Presentation Notes
Such growth is driven largely by three factors:



Solar PV is on track to become the cheapest  resource
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Presentation Notes
plants that are mostly build in 2016, we observe consistently prices in the range of USc 6─8.5/kWh, while prices decrease to the range USc 3─6/kWh for most of plants with delivery expected in 2018 and even lower, below USc 3/kWh for 2019 and beyond 



Solar power was the largest source of U.S. 
electric-generating capacity additions in 2016

• Led by the utility-scale sector, solar power has comprised >25% of all generating capacity additions in 
the United States in each of the past four years

• In 2016, solar made up 38% of all U.S. capacity additions (with utility-scale accounting for 26%), and 
was the largest source of new capacity, ahead of both natural gas and wind
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Utility-scale projects have the greatest capacity 
share in the U. S. solar market
• The utility-scale sector accounted for 72% of all new solar capacity added in 2016 and 

61% of cumulative solar capacity at the end of 2016

22

Sources: GTM/SEIA Solar Market Insight Reports, Berkeley Lab

We define “utility-scale” as any ground-mounted project that is larger than 5 MWAC
Smaller systems are analyzed in LBNL’s “Tracking the Sun” series (trackingthesun.lbl.gov)
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Combination of falling installed prices and better 
project performance enables lower PPA prices

• PPA prices are levelized over the full 
term of each contract, after accounting 
for any escalation rates and/or time-
of-delivery factors, and are shown in 
real 2016 dollars

• Top graph shows the full sample; 
bottom graph shows a sub-sample of 
PPAs signed post-2014

• CA and the Southwest dominate the 
sample, but in recent years the market 
has expanded to other regions

• Hawaii projects (included here for the 
first time) show a consistent and 
significant premium over the mainland

• Three PPAs featuring PV plus long-
duration battery storage do not seem 
to be priced at a prohibitive premium 
to their PV-only counterparts

• Smaller projects (e.g., 20-50 MW) are 
seemingly no less competitive

• >90% of the sample is currently 
operational
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On average, levelized PPA prices fell
by >75% from 2009 through 2016

• Top figure presents the same data as 
previous slide, but in a different way: 
each circle is an individual contract, 
and the blue columns show the 
average levelized PPA price each year

• Steady downward trend in the average 
PPA price over time has slowed in 
recent years as average prices 
approached and then fell below 
$50/MWh

• Price decline over time is more erratic 
when viewed by COD (orange bars in 
bottom graph) rather than by PPA 
execution date (blue bars)

• Though the average levelized price of 
PPAs signed in 2016 is ~$35/MWh, the 
average levelized PPA price among 
projects that came online in 2016 is 
significantly higher, at ~$60/MWh

• 2017 is provisional and currently 
reflects a very small sample and a high 
proportion of high-priced Hawaiian 
PPAs, plus several PPAs with long-
duration battery storage
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Prices for Distributed Solar Continue to Decline

Average annual decline since 2009: 11% per year (res.) to 16% (large 
non-res). From 2014-15: 5% per year (res.) to 9% (large non-res.)

Median installed price series is based on data from 451,693 systems, assembled by Berkeley Lab (trackingthesun.lbl.gov).  Module 
price index is from SPV Market Research.
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Presentation Notes
This chart presents cost trends for solar: over 10% reduction per year since 2009cost trends for Inflection point in 2009 associated with steep drop in global module pricesReductions since 2012 largely due to other hardware components and soft costsFrom 2014-15, median prices fell by 5% (res.) to 9% (large non-res.)Consistent with long-term trend, but slight slow-down from recent yearsPartly an artifact of the data sample, though may reflect some deceleration in underlying cost reductions

http://trackingthesun.lbl.gov/


Even Lower-Cost Systems Are Commonplace:
potential for further price declines
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Installed prices in other major international PV markets are significantly lower than here U.S.Starkest differences are in Germany, with pricing for residential PV around $1.7/W in 2015Even within the U.S., huge variation in pricing: 20% of residential systems priced below $3.3/WPrice differences across systems primarily associated with soft costs, including marginsPricing variability is narrowing over time as market matures



Federal Policy Drivers:

• Accelerated tax depreciation
• 5-year term

• Clean Power Plan
• Potential impacts after 2020
• Fate and impact highly uncertain

27

Source: http://news.energysage.com/congress-extends-the-
solar-tax-credit/

• 30% investment tax credit (ITC)
• Extended to 2021 (for projects 

started)
• Drops to 10% for commercial 

entities, phased out for residential 
customers 

Presenter
Presentation Notes
A the federal level: there are tax incentives, accelerated depreciation, and potential impact from the implementation of CPPITC right now at 30%, but will be reduced and gradually phased out for residential market:http://programs.dsireusa.org/system/program/detail/1235http://programs.dsireusa.org/system/program/detail/658



EPA Carbon Reduction in Power Sector
• Two components: new fossil plants, existing fossil plants
• New plants: new coal effectively precluded absent CCS
• Existing plants = Clean Power Plan (CPP), 32% reduction by 2030 

relative to 2005, compliance period begins in 2022
• Many compliance options: rate- vs. mass-based, new complement, 

EGU vs. state measures, regional collaboration, set-asides, early 
incentive program decisions to be made at state level

• How will RE contribute? Who knows???
• Depends on decisions, including                                                           by 

states & obligated entities
• EPA estimate: growth from 13%                                                                   

today to 20% by 2030
• Supports growth consistent with                                                           recent 

past: deployment “floor”
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Presentation Notes
While the implementation of CPP has been delayed in the court, most industryl observers expect that it will eventually pass, requireing power industry to reduce GHG emission by 32% by 2030, which is likely to increase the share of renewable.



State Policy Drivers
• Renewables Portfolio Standards

• 22 States + DC have an RPS with solar or DG provisions 

29

• Net Metering and Favorable Rates
• 41 states and the District of Columbia require 

certain utilities to offer net metering to 
distributed solar customers as of the 
beginning of 2016.

• State Tax and Financial Incentives
• State tax credits
• State sales/property tax incentives
• Up-front cash rebates
• Performance based incentives

• 3rd Party Solar PV Power Purchase Agreement (PPA)
• At Least 26 States + DC and Puerto Rico authorize 

or allow 3rd Party Power Purchase Agreements for 
Solar PV

More information on solar programs and policies: 
http://programs.dsireusa.org/system/program/maps 

Presenter
Presentation Notes
At the state level, there are multiple policy drivers, and the most important one is Renewable Portfolio Standards, and net-metering rulesNet-metering allows for the possibility of selling excess electricity back to the grid, essentially sending your electricity meter backwards until you need the energy at a later point.http://solarpower.com/tax-rebates-savings/Property Tax ExemptionsProperty tax exemptions are economically viable tax incentives, exemptions, exclusions or credits. They assure a taxpayer (businesses and homeowners) that the added value of a solar system is excluded from the valuation of the residential or commercial property for taxation purposes. Considering property taxes are collected locally, some states authorize local taxing authorities the opportunity of allowing a property tax incentive for solar. There are 38 states that offer property tax exemptions for renewable energy. For example, the State of Indiana offers a tax deduction equivalent to the lesser of either 50% of the installation of solar powered roof vents or fans or $1000. One of the renewable energy property tax exemptions in Nevada State permits businesses to apply for a property tax abatement of up to 55% for up to 20 years for real and personal property used to produce solar energy. Generation facilities must have a capacity of at least 10 megawatts. Facilities that use solar energy to generate at least 25,840,000 British thermal units of process heat per hour are also entitled to the abatement.Sales Tax ExemptionsSales tax exemptions provide immunity from the state sales tax for the purchase of a solar energy system and technologies (e.g., passive systems, solar space heat, pool heating, etc.). There are 29 states that offer sales tax exemptions for renewable energy. For example, Arizona grants a sales tax exemption for the installation of solar energy devices by contractors and for the retail sale of solar energy devices. Colorado residents are exempt from the state's sales and use tax all sales, storage, and use of components used in the production of alternating current electricity from solar thermal systems.RebatesRebates are effective direct incentives provided for solar installations by some governments based on the size of a customer’s system and administrative abilities of a given state. Rebate amounts help to reduce the upfront cost of going solar making it less expensive than power from the utility company.Performance-Based IncentivesPerformance-based incentives (PBIs) are incentives that add to the financial value of the solar panel system over time as it generates energy, rather than reducing the upfront cost. It is an effective way to motivate users to properly install, maintain and pay attention to the performance of their systems; since the payment is based on the energy produced. Feed-in tariffs (FIT) are a common type of PBI. Usually, these are paid based on the actual energy ($/kWh) produced by the solar panel system. The incentive rate remains constant for the term of the contract.



Net Metering Supports Distributed PV: Designs Vary
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Net Metering

State-developed mandatory rules for certain utilities (41 states + DC+ 3 territories)

No statewide mandatory rules, but some utilities allow net metering (2 states)

www.dsireusa.org / July 2016

KEY
U.S. Territories:

41 States + DC,
AS, USVI, & PR have 
mandatory net 
metering rules

DC

Statewide distributed generation compensation rules other than net metering (4 states + 1 territory)
GU

AS PR

VI

Presenter
Presentation Notes
Currently, there are 41 states have net-metering rules, which essentially credits the customer for solar generation at retail rates, which is higher than wholesale prices.



Under Net Metering, Rate Design Is Key

California has been home to among the most 
attractive retail rates
• Rate tiers that increase with usage
• Primarily volumetric rates, with low fixed charges

Rate designs that are less attractive for solar 
generally feature…
• Low overall retail rate levels
• Higher fixed customer or standby charges
• Demand charges tied to peak customer load
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Presenter
Presentation Notes
Therefore, net meeting ruile becomes the key factor in the economics of DG solar: higher retail rates make solar systems more attractive, as well as lower fixed charges. Conversely, higher fixed customer charges or demand charges make them less attractive.



Wind, US
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California: the clean power frontier

• Most ambitious goal for renewable power
• 33% of renewables by 2020
• 50% of renewables by 2030 (excluding hydro)

• Half of solar installation in US
• Leaders in energy efficiency in US

• Appliance standards
• Building codes (updated every three years)
• “Decoupling” and strong utility efficiency programs

• Robust carbon market covering power sector
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The Future: can the duck fly?
Duck Curve

36
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Typically spring or fall sunny days



History of deregulation since 1990

• Pre-1990
• Vertically integrated utilities
• Cost of services regulation 

• 1990 Restructuring/deregulation
• Unbundling of generations from T&D
• Direct access/Retail competition
• Wholesale power markets

• Current thinking
• Meeting environmental/climate targets
• Deregulation inactive
• Emergence of ISO/RTO
• Wholesale power market
• Retail competition
• Future utility model (NY REV)
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Goals of power sector reform/regulation

 Natural monopoly
 Transmission and distribution

 Reliability
 Economics
 Environmental/Climate

38

Reliability

Economics
Environ/
Climate 
Goals



History of power sector reform

• Goals
• Reliable supply of power at least cost

• Pre-1990
• Vertically integrated utilities
• Cost of services regulation 

• Problems
• Overly optimistic forecast of future demand growth
• High cost of generation

• Solutions
• Lead to some separation of functions, ie, independent 

demand forecast
• Lead to deregulation of utilities

39
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Chart of over-forecast from andy



Optimistic, or system-bias?

Carvalllo et al, 2016, LBNL Report

Figure ES-1 Load forecasts from seven subsequent IRPs and actual load for a Western U.S. utility.
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Planning reserve margins in China, 2014
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https://china.lbl.gov/publications/excess-capacity-chinas-power-systems


Planning reserve margins in 2020 under the 
low, mid, high growth scenarios

42

LBNL report: Excess Capacity in China's Power Systems: A Regional Analysis

Presenter
Presentation Notes
the majority of China will not need new baseload coal power (at least for reliability purposes) before 2020, and potentially not until 2025, under the low- and mid-growth scenarios. Under the high-growth scenario, China’s central and eastern regions will need to import more power or provide new capacity by 2020. 

https://china.lbl.gov/publications/excess-capacity-chinas-power-systems


Decoupling of GDP and electricity

• Re-assessing China’s electricity demand under the 
economic “New Normal”

• Is the slowdown in electricity consumption a 
temporary phenomenon or a long-term trend:
• Slower economic growth
• Significant shift in economic structure from industry to 

services
• Reduction of overcapacity in major industries
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What is the relationship between economic 
growth and electricity use?

Plateau over time

Journal article: Economic rebalancing and electricity demand in China  
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https://china.lbl.gov/publications/economic-rebalancing-and-0


Regional patterns?
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Polynomial and logarithm model performs
better: statistics

(1)

(2)

(3)
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Contribution of GDP, population, structural change, overcapacity, 
and population to electricity demand 
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History of power sector reform:
mid-1990s to 2010
• Goals

• Increasing economic efficiency and reduce costs
• 1990s Restructuring/deregulation

• Unbundling of generations/retails from T&D
• wholesale market
• Direct access/retail competition

• Problems: CA crisis in late 1990s
• 2000-2001: poor market design and market 

manipulations led bankruptcy of two large IOUs
• Solutions:

• Some states back to re-regulation
• Many remain the unchanged

48
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CA: lack of competition made acute by tightening capacity and lack of long-term contracts.



Deregulation has stalled in most states

49

Presenter
Presentation Notes
15 retail choice8 suspended (CA still allow large ind and commercial customers)Rest are traditional



Rate Impact Limited

Borenstein and Bushnell, 2015
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Observation: Utility deregulation in US

• Still heavily regulated industry
• Unbundling of generation and competition 

improved efficiency at power plants 
• Open access to transmission grid is essential
• Improved coordination of power grids (ISO/RTO)
• Limited impact on average consumer costs

• Economic vs social costs?
• Other benefits unclear: 

• how to value customer choice?
• Implementation poses significant challenge
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Transmission: a) open access to third party generators, b) formation of ISO/RTOGeneration: IPP share of power rose from 1.7% in 1997 to 35% in 2012. most economic gains, due to generation is 2/3 of power cost.Ave vs margional cost: later much affected by the price of natural gas. Large ind customers gain on direct access. But lead to stranded costs in IOU/Gencos, paid by transition tariff born by rate payersRetail competition:“Nearly two decades later, there is little evidence that retail choice has yielded any significant benefits.”  Morey&Kirsch.



Drivers of current reforms

• Environmental/Climate Change
• Meeting GHG targets
• RPS
• Clean Power Plan

• Technological
• Rapid cost reductions and expansion of solar and wind 

• Business model
• Leasing

• Utility model
• Customer defection
• Declining revenue base
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Lessons learned

• Utility industry is likely to remain carefully regulated
• Wholesale market is complicated and takes time to form, 

needs to be carefully monitored and regulated
• Need to balance economic, social, and climate goals

• Competitive generation has led most of the economic 
efficiency gains.

• Rate impact on average consumers has been limited.
• ISO/RTO have improved grid operation
• Independent demand forecast is foundational to good 

resource planning 
• Meeting climate goals require new thinking
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Independent demand forecast is foundational to good resource planning (national power planning center and regional counterparts)



Research questions
• What types of models are best suited for load forecast? 

• At what geographic/demographic resolution?
• What KPIs to evaluate retail competition/choice? Wholesale 

competition?
• Green/economic dispatch vs Generation planning quota?
• What is the appropriate transition plan to existing Gencos if 

generation quota is phased out?
• What mechanism to ensure environmental and climate goals? 
• What infrastructure is needed to make both production and demand 

more “responsive”
• Dynamic pricing?
• Tools to allow operators and consumers to make smart 

choices
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Retail market: texas story?



Thank You!

Jiang Lin
J_lin@lbl.gov

Lawrence Berkeley National Laboratory

University of California, Berkeley

http://china.lbl.gov

http://btjrc.lbl.gov
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Backup slides
Thank you!

Visit us: China.lbl.gov
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Demand side
• Lower peak energy usage
• Bring higher capacity factor and 

security of distribution grids

Model concept 建模概念

Supply side
• Microgrid to integrate distributed 

generation and storage
• Combined heat and power

Challenge: Coordinate both the demand and supply sides in a renewable-
penetrated, storage augmented, DR-enabled microgrid
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-- the concept is to optimize the deployment of demand and supply resources within a microgrid, whether on a colleage campus or industrial park, in an intellegent manner. Such a district energy system could use grid power, but also generate power onsite with CHP, solar, generating heat with boilers, cooling with chillers, and mange the intelligent charge and discharge of EVs. So it can provide comprehensive energy service solution.Microgrid concept: energy demand in district and campus scale, various distributed energy technologies listed above.-- Provide retail side comprehensive energy service not only electricity but also cooling and heating-- dispatch distributed energy technologies to meet load demand and achieve economic operation-- trigger district scale demand response at the retail market to response whole sale market signal and maximize clean energy use and ancillary service beneift



Motivation 动机

• DES as a smart prosumer: 分布式能源作为一个智能能
源参与者
o Optimize operation by effective coordination of technologies 

(storages, CHP, etc.) in accord with renewable generation and 
demand response signals 

o Investigate dispatch strategies under uncertainty

• DES as a smart partner with the grid: 分布式能源是大
电网的一个智能伙伴
o Offer ancillary service for overall efficiency and grid stability
o Encourage more demand side participation in the market and 

appropriately valuing demand response

• Retail market optimization 服务于能源零售市场
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-- distributed energy system as an active energy prosumer not just at the consumer side (see the points in the slides)-- serve as an comprehensive energy retailer



加州大学，欧文分校微电网/U.C. Irvine Microgrid
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Presentation Notes
Irvine campus: Many distributed energy technologies, central plan, district energy system with renewable and storage.-- mainly distributed CHP and chillers and roof top PV-- also shows feeder constraints to connect different DER together



Trends in Distributed Generation: CHP
US CHP Capacity: 85% Industrial

Source: ACEEE, 2016. http://aceee.org/blog/2016/02/brief-history-chp-development-united 
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Presentation Notes
After years of rapid growth, there are over 4000 CHP projects across us, 85% of those are industrial applications. However, the growth has slowed down in the recent years.2030 potential by ICF/ is 200GW Most of existing 4000 projects are in large industrial customer sitesIn CA, the installed capacity in 2012at the start of 2012 was 8,815 megawatts (MW) at 1,202 sites in CA.This level of CHP capacity places California second nationally. Texas has the greatest installed capacity with 17,319 MW, while New York is third with 5,559 MW. 10



Trends in Distributed Generation in US

• Distributed Generation
• a variety of technologies that generate electricity at or near 

where it will be used, such as solar panels and combined 
heat and power. 

• Distributed generation may serve a single structure, such as 
a building, or be part of a microgrid, such as at a industrial 
park, a military base, or a large college campus.

• Solar, gas turbine/engines, fuel cells, biomass

• The Major sources of Distributed Generation includes 
• Rooftop solar, fastest growing
• CHP, the largest source, about 8% of power capacity

• Increasing interests in District Energy Systems with 
microgrids to improve resilience 
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Presentation Notes
For distributed generation applications, two technologies dominate the us market: rooftop solar, which is the fastest growing application, and 2) CHP, which is the largest source.1 Located on or near load2 could serve single building, or campus, or indsutrial park3 multiple technologies
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