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1. Executive Summary
This report outlines an Integrated Resource Plan (IRP) for Public Services Company of Colorado
(PSCo), a subsidiary of Xcel Energy, and the largest public utility in Colorado. An IRP determines
gaps in load and resources for a certain service area and uses a model to find the least‐cost
resources needed to meet policy, technological, and system constraints. We chose Colorado for
our IRP due to the state’s ambitious climate goals and its potential for renewable energy
expansion.
PSCo is located in the mountain west of the US and is the largest electric utility in the state of
Colorado. The company currently serve 1.4 million customers and provide 53% of the
state’s electricity or 32 TWhs. PSCo’s average rate is about 10 cents per kWh and they have a
summer peak of around 7,500 MWs. Their C02 Emissions intensity is about 409 kgs/MWh.
Based on utility and EIA data, PSCo currently operates a fossil fuel‐heavy system and its overall
capacity is comprised of 50% natural gas, 25% coal, and the remaining 25% hydro, solar and wind.
The utility’s current generation is almost 40% natural gas, 25% coal, and the remaining 35%
hydro, solar and wind.
Due to plant retirements and increased demand, PSCo will fall short of demand starting around
the year 2028 if no additional resources are added. This gap widens to over 7,000 MW by 2050.
Our study considers five different scenarios for PSCo’s system, outlined in Table 1. Overall, these
scenarios seek to answer one question – Can renewable and/or clean energy provide reliable and
affordable energy in addition to meeting state and utility emissions targets?
We began with the Reference case (REF) which is based on current plant retirement dates and
assumes gradual sustained growth of renewables, achieving 50% by 2050. The REF case assumes
no retirement date for PSCo’s coal plants and EV and building electrification will remain low.
The 90% Renewable Energy (RE‐90) case assumes that much higher renewable energy targets
will be adopted in alignment with the governor’s recent action plan and it does not consider
additional load from EVs and Building electrification of space and water heating. Our model will
include a mix of solar, wind, and storage. The RE‐90 high electrification (RE90‐HE) case, in
comparison, assumes the same parameters but seeks to answer whether PSCo can meet the
state’s transportation and building electrification goals and still maintain reliability and
affordability.
The 100% Clean Energy (CE‐100) and 100% Clean Energy with High Electrification (CE100‐HE)
cases seek to answer whether PSCo can achieve Xcel Energy’s 2050 zero‐carbon electricity goal.
Some natural gas plants will remain in the system, and carbon capture and storage technology
will be employed. The CE100‐HE case also seeks to include expanded EV and building
electrification.
5
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For all our cases except the REF case, coal power plants will be retired by 2040.
Table 1 below outlines key metrics from the 2021 REF case and each scenario’s 2050 model year.
By 2050 our REF case remains heavily dependent on natural gas. As a result, its electricity sector
emissions remain relatively high through 2050. The alternative cases reduced carbon emissions
to zero by 2050 using a diverse generation mix including higher levels of solar PV, wind, and low
carbon “green” fuels.
Table 1: IRP Scenario Results

The alternative cases in this study show that PSCo can achieve 100% net zero emissions by 2050
and electrify its residential and light‐duty transportation sector without drastically raising
customer rates. Overall, the alternative cases in this study were more costly than the REF Case,
however, they achieved large carbon emission reductions. For the CE‐100 case and RE100‐HE
case, rates increased by 22% by 2050 from the 2050 REF case, for the CE100‐HE case, rates
increased by 18% and for the RE90 case, rates increased by 26% by 2050. Our results also indicate
that the electrification of light‐duty transportation and residential buildings will have a large
impact on energy sales. Overall, annual energy sales will increase by an additional 11,728 GWh
between the 2021 REF case and RE90‐HE and CE100‐HE cases.
Other key research findings include:


Colorado, unlike other regions of the US, can take advantage of its own wind and solar
resources without having to rely on imports. Our research indicates that all alternative
scenarios can harness these renewable energies or invest in new clean technologies to
achieve zero‐emissions by 2050

6

Aziz & Litwin – 2050 IRP for PSCo




May 2021

When considering renewable energy as the main source of future electricity generation,
we found that concentrations over 90% became cost prohibitive due to the added storage
required to meet reliability requirements. Additionally, dispatchable resources using
green fuel or carbon capture should be considered to meet peak demand.
We found that electrification of EVs and residential buildings will help to drastically
reduce carbon emissions in these sectors and will have a marginal cost impact on
ratepayers. Utility programs such as demand response and managed EV charging can also
help to manage overall cost. Demand‐side management strategies will also become
increasingly important to reduce system costs due to the high projected curtailment
levels in our results due to the large share of variable renewable resources.

2. Introduction
2.1. BACKGROUND
The Integrated Resource Plan (IRP) process for the state is codified under the Code of Colorado
Regulations, Rules Regulating Electric Utilities, Section 3600, Electric Resource Planning. The
Colorado Public Utilities Commission (CPUC or Commission) requires that utilities submit
quadrennial IRPs to compare energy sales and demand forecasts to existing resources and ensure
that sufficient generation will be available to meet future customer needs. The CPUC prefers that
electric utilities use competitive bidding to procure additional resources that meet future
resource needs up to 10 years ahead and in alignment with state energy policy such as the
Renewable Energy Standard (RES).
There are two phases to the process. In Phase I, the Commission reviews and may approve the
utility’s plan to acquire new utility resources. In Phase II, the Commission determines if the utility
should be allowed to pursue acquisition of the additional resources based on cost‐effectiveness.
The IRP is subject to input from various stakeholders and review by an Independent Evaluator.1
PSCo submitted its current IRP, the 2016 Electric Resource Plan (ERP), which proposes resource
procurement for an eight‐year period through 2023. Based on year 2021 of PSCo’s ERP, we
propose five scenarios – one reference case and four alternative cases – for PSCo to meet its 2050
resource obligations. While our projections involve many imperfect assumptions, this process
provides a useful exercise to evaluate the technical and economic merits of future energy
systems or portfolios. Assumptions include technological, performance, policy, economic, and
other variables which we will outline in our analysis.

1

Decision C18‐0761 Phase II Decision Approving Retirement of Comanche Units 1 and 2; Approving Resource
Selection in Colorado Energy Plan Portfolio; Setting Requirements for Applications for Certificates of Public
Convenience and Necessity; And Setting Requirements for the Next Electric Resource Plan Filing
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2.2. EXISTING SYSTEM
Located in the mountain west of the US, PSCo is the largest electric utility in the state of Colorado.
PSCo is a utility subsidiary of Xcel Energy and was originally formed in 1923 to provide electric
generation for the city of Denver. It has since grown to serve other major cities including Fort
Collins, Pueblo, Boulder, Greeley, and Grand Junction with approximately 1.4 million electric total
customers and providing 53% of the state’s electricity or 32 TWhs.

Figure 1: Map of PSCo's Electric Service Territory (Source: Xcel 2020 10K)

PSCo’s average rate is about 10 cents per kWh and it has a summer peak of around 7,500 MWs.
Their C02 Emissions intensity is about 409 kgs/MWh.2 This is slightly less than the United States
average of 427 kgs/MWh in 2019.3
Based on utility and EIA data, PSCo currently operates a fossil fuel‐heavy system with its capacity
comprised of about 50% natural gas, 25% coal, and the remaining 25% hydro, solar and wind. The
utility’s current generation is almost 40% natural gas, 25% coal, and the remaining 35% hydro,
solar and wind. 4

2.3. POLICY & REGULATORY ENVIRONMENT
Colorado’s Renewable Energy Standard was passed by voters in 2004. Since then, the state
legislature has increased the amount of renewable energy required to 30% of their electricity by
2020 (HG 10‐1001). In 2019, Colorado passed House Bill (HB) 19‐1261, the Climate Action Plan to
Reduce Pollution (Climate Action Plan or CAP). The CAP identifies science‐based targets to reduce
carbon emission from 2005 levels by 26% by 2025, 50% by 2030, and 90% by 2050. While the bill
remains unfunded, the Governor directed state agencies, including the CPUC, to develop a

2

Public Services Company of Colorado, 2016 Electric Resource Plan Volume 2.
2019 U.S. Energy Related Carbon Dioxide Emissions. https://www.eia.gov/environment/emissions/carbon/
4
2020 Xcel Energy 10K. https://investors.xcelenergy.com/financial‐documents/annual‐reports/default.aspx
3
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Greenhouse Gas Pollution Reduction Roadmap (Roadmap) to outline a list of near‐term actions
that Colorado could pursue to achieve CAP goals by 2030 and 2050.
The Roadmap states that meeting the 2030 goals will rely on deep reductions in pollution from
electricity generation by retiring coal plants and continuing the transition to renewable energy,
as well as deep reductions in methane pollution from the oil and gas industry, comprises the
largest source of the state’s non‐combustion emissions. Electrification of end uses in buildings
and transportation will also play an important role in achieving near‐term targets. The Roadmap
acknowledges that high levels of electrification of vehicles will be needed, with nearly 100% of
car and truck sales becoming electric by 2050.5
In 2021, PSCo’s parent company, Xcel Energy, unveiled plans to reduce its carbon emissions in
Colorado by 85% from 2005 levels by 2030. This goes beyond current state law, which only
requires utilities to cut carbon emissions by 80% in the next decade. Xcel’s announcement
coincides with PSCo’s planned closure of its four coal plants at its Pueblo and Hayden stations by
2028. The Pawnee coal plant will be converted to natural gas and Comanche 3, Colorado’s largest
coal plant and largest source of carbon emissions, will be retired by 2040 (30 years early).
Additionally, the utility plans to spend an additional $8 billion to double renewable energy
generation and storage and add new transmission lines.6

LOAD & RESOURCE TABLE
12,000
10,000

MW

8,000

~7,000 MW

6,000
4,000
2,000
‐
2020

2030

2040

2050

Year
Coal

Natural Gas

Hydro

Solar

Wind

Total Load

Figure 2: PSCo Load and Resources Forecast to 2050
5

https://energyoffice.colorado.gov/climate‐energy/ghg‐pollution‐reduction‐roadmap
Xcel Plans to Double Its Renewable Energy Generation by 2030. It’ll cost consumers $8 Billion to Do It. The
Colorado Sun. 2021. https://coloradosun.com/2021/02/25/xcel‐clean‐energy‐plan‐cost‐carbon‐reduction/
6

9

Aziz & Litwin – 2050 IRP for PSCo

May 2021

2.4. RESOURCE NEED ASSESSMENT
We began our research by cataloguing all of PSCo’s existing power plants, power purchase
agreements, and their planned end dates or retirement years. We graphed this data alongside
PSCo’s forecasted load through 2050. If no additional resources are added, there is a gap
beginning in 2028 that widens to over 7,000 MW by 2050. Our analysis provides one “business‐
as‐usual” or REF case and four alternative cases which fill this gap with different resources based
on various constraints which we will explain further in our Scenarios Overview section.

3. Methodology
We have used multiple datasets from various sources including the Energy Information
Administration (EIA), Department of Energy (DOE), National Renewable Energy Laboratory
(NREL), and PSCo’s 2016 IRP in our Microsoft Excel‐based stack model. The figure below
summarizes the IRP modeling process. We started our project by developing a load and resource
table using hourly load forecast data from EIA and annual load forecasted values from PSCo’s
2016 IRP. Then we used NREL data to add costs for different technologies through 2050 a top‐
down approach to estimate T&D cost using utility revenue rates. After, we added meteorological
data for solar and wind from NREL’s Solar and Wind Prospector and System Advisor Model (SAM).
For our high electrification cases, we used a Microsoft Excel‐based stock rollover model for
electric vehicles and the average annual EV load profile was taken from Xcel Energy’s 2015
Electric Vehicle Charging Station Pilot Evaluation Report. For building electrification, we used
historical hourly load profiles from Open Energy Information (OpenEI).7
The Microsoft Excel‐based Capacity Expansion or “Stack” Model was then used to simulate the
full set of chosen scenarios and determine least‐cost dispatch for each decade. Lastly, we used
screening curves along with Microsoft Excel’s Solver tool to estimate plant sizes based on the
least‐cost mix and clean energy targets. It took multiple iterations to achieve the results or
outputs, which include total generation mix, capacity addition by decade, the system’s overall
cost, average retail rates, and emission intensity.

7

https://openei.org/doe‐opendata/dataset/commercial‐and‐residential‐hourly‐load‐profiles‐for‐all‐tmy3‐
locations‐in‐the‐united‐states
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Figure 3: IRP Methodology Used by the Authors

3.1. LOAD FORECAST
To forecast load, we utilized PSCo’s 2016 ERP and subsequent annual reports submitted to the
CPUC which provided annual load through 2030. We then assumed an average annual
compounded growth rate of 1.2% through 2050 as per the 2016 ERP. In assessing the need for
additional power supply resources, our model utilizes a planning reserve margin target of 16.3%,
which was found to be an acceptable level for system reliability established by a collaborative
study effort between the CPUC staff, the Office of Consumer Counsel, and PSCo. Annual firm peak
demand was calculated by using the 16.3% reserve margin target with a 50th percentile forecast
of total peak demand and subtracting the effects of the utility’s energy efficiency and firm
interruptible load programs.
The load profile was taken from FERC form 714 hourly demand data and was used to calculate
forecasted scaled load for each specific year under consideration.

3.2. TECHNOLOGY COSTS, FUEL PRICES AND EMISSIONS
We have used the Energy Information Administration (EIA) Annual Energy Outlook (AEO) for
forecasted fuel costs in the model. In 2040 and 2050, we have used blended fuel (90% Natural
gas and 10% RNG) in CCGT‐CCS plants to ensure that plants are carbon neutral. For combustion
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turbine (CT)‐RNG plants we have considered renewable natural gas (RNG) as 100% carbon‐
neutral.
Technology‐specific cost was determined by using the National Renewable Energy Laboratory
(NREL) Annual Technology Baseline (ATB). Variable and fixed costs were determined by
calculating the annual production cost for all resources used in the model. Fixed cost was
determined by multiplying CAPEX and by the capital recovery factor and adding the fixed O&M
cost while variable cost for natural gas plants and coal was determined by using heat rate values,
fuel cost, and variable operational and maintenance (O&M) expenses as given below. A detailed
cost table is given in Appendix 2.
Table 2: Assumptions ‐ NREL Annual Technology Baseline (ATB) Resource Category

3.3. VEHICLE STOCK ROLLOVER MODEL
In our high electrification scenarios, we used the stock rollover model. We have taken data from
the US Department of Transportation (USDOT) for the number of light duty vehicles in Colorado.
Currently, Colorado has a total of 33,654 electric vehicles8 out of which Xcel serves approximately
22,000 EVs. To find the overall vehicle stock in PSCo’s service territory, we similarly took 54% of
Colorado’s existing light‐duty fleet, or 1.08 million vehicles. The number of vehicles in 2050 was
calculated by using 1.2% annual population increase, taken from Denver Regional Council of
Governments’ (DRCOG) annual report, and the same VMT per person through 2050. The results
of our stock rollover model indicate that approximately 1.3 million vehicles will be EVs in 2050.
In the figures below, although the number of vehicles has increased in 2050, total energy use in
gallons gas equivalent (GGE) has reduced by 61%. This is because EVs are more efficient and
8

https://www.denverpost.com/2021/02/27/electric‐vehicles‐climate‐action‐colorado/
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consume less energy to travel the same distance than internal combustion vehicles. We have
used an average of 29 VMT per person per day and 4 miles per kWh for EVs in 2021. We have
considered the same average VMT through 2050, while overall fuel efficiency and performance
is expected to improve in the coming years. Thus, kWh per mile is projected to be 0.20 in 2030,
0.18 in 2040, and 0.15 in 2050.

Figure 4: Stock Rollover EV Energy Use and Carbon Emissions by 2050
Our results also show that shifting from gasoline‐powered to electric vehicles contributes an
additional load of 2.8 TWh to PSCo’s system but decreases total emissions in the transportation
sector by almost 5 MMT CO2 in 2050.
We assumed a below‐average annual EV charging profile to forecast EV load share during
different hours of the day. The average annual EV load profile was taken from Xcel Energy’s 2015
Electric Vehicle Charging Station Pilot Evaluation Report.9

Figure 5: Annual Average EV Load Profile for PSCo
9

https://www.xcelenergy.com/staticfiles/xe‐responsive/Admin/Managed%20Documents%20&%20PDFs/CO‐DSM‐
2014‐EV‐Pilot‐Evaluation.pdf
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3.4. BUILDING ELECTRIFICATION DATA
According to the EIA, Colorado households consume an average of 103 million Btu per year, or
approximately 15% more than the U.S. average. Average household energy costs in Colorado are
23% less than the national average, primarily due to historically cheaper natural gas prices in the
state. Average electricity consumption per household is lower than most other states, as
Colorado residents do not commonly use electricity for their main space heating, air conditioning,
or water heating.
Since the weather in Colorado is cooler than other areas of the United States, 54% of household
energy use comes from space heating, 19% from water heating, and 1% from air conditioning,
while electricity accounts for 26%.10 Out of the total space and water heating per household
(22,000kWh per year), 75% or 16,500 kWh is currently running on natural gas. Our model
assumes the same number for annual energy consumption in the case of electric heat pumps for
residential buildings only. We converted this 75% to electric load and assumed a minimum AFUE
of 78 percent,11 gas pipeline efficiency of 90%, and 1% compounded annual load growth.
Table 3: PSCo Avoided Emissions by Decade
Year

Total Residential
Building Water and
Space Heating Load
(MWh)

% Electrified

Total Load
Electrified
(MWh)

Avoided Emission
(MMT/year)

2030

6,745,367

41%

2,742,666

0.65

2040

7,866,922

66%

5,152,834

1.23

2050

9,174,959

95%

8,716,211

2.07

Considering PSCo’s 1.4 million customers, of which 84% are residential customers, we used an
average of 2.5 persons per household12 to calculate total households and find total annual energy
consumption. Our results indicate that in 2050, PSCo’s system will require an additional 8.7 TWh
for residential water and space heating and cooling. We also find that total emissions from
residential space and water heating will be reduced by approximately 2.1 MMT in 2050.
The electric heating load is calculated using the load shape data for space and water heating from
Open EI. We took an average of the load shapes from three different regions ‐ Boulder, Pueblo
and Grand Junction.
10

https://www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/CO.pdf
https://www.eia.gov%2Fanalysis%2Fstudies%2Fresidential%2Fpdf%2Fres_ee_fuel_switch.pdf&usg=AOvVaw1vrx
T_rajAarBtwtu_va4_
12
https://www.census.gov/quickfacts/CO
11
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Figure 6: Annual Residential Building Space and Water Heating Load Profile for PSCo
In our high electrification cases, loads from light‐duty EV adoption and building decarbonization
efforts (heat pumps for space and water heating) increase from 10.3 GW to 11.3 GW and energy
sales increase from 45.1 TWh to 56.8 TWh in 2050.

Figure 7: Month‐Hour Average Load for 2050 in Reference and High Electrification Load Forecast
Scenarios

4. Overview of Scenarios
Our IRP aims to determine the optimal resource mix that will meet forecasted load in 2030, 2040,
and 2050. This report models a Reference or “business‐as‐usual” case and four alternative
scenarios that deploy renewable energy resources or carbon capture technologies at varying
levels to meet load at the beginning each of these three decades. We assumed zero‐carbon
emissions targets for all four alternative scenarios, which goes above and beyond Colorado’s
current RPS. We are also retiring coal before 2040 for all four alternative scenarios in alignment
with Xcel’s current plan.
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Forecasted load in the Reference scenario is taken from PSCo’s 2016 ERP Annual Report for the
years 2020‐2030. We then extrapolated the data using a 1.2% compounded growth rate for years
2030‐2050.
All five scenarios do not include any new coal, nuclear and hydro power plants due to resource
limitations as well as physical and environmental restrictions.
Table 4: IRP Scenario Objectives and Criteria
Variables

Reference

RE-90

CE-100

RE90-HE

CE100-HE

2050 Carbon
Free %

50%

100%

100%

100%

100%

2050 RE %

50%

90%

70%

90%

70%

Dispatchable
Resources
EV & Building
Electrification
Research
Question

Coal,
Natural
Gas

RNG, Carbon Capture, Coal (Retired by 2040)
Low

High

Can renewable and/or clean resources provide reliable and
affordable energy AND meet Colorado & Xcel emissions targets?

4.1. REFERENCE CASE
We began with the Reference case (REF), which is based on current plant retirement dates and
assumes gradual sustained growth of renewables, achieving 50% by 2050. REF assumes that
existing plants will be utilized until their listed retirement dates per PSCo’s 2016 ERP. EV and
building electrification will remain low. The capacity needs in this scenario are met by the least‐
cost available option of either renewable or fossil fuel technologies. In 2050, REF has a total
generation of 50% from renewable energy and 50% from non‐renewable technologies (mostly
natural gas and a very small percent from hydro and coal).
4.2. ALTERNATIVE CASE 1: 90% RENEWABLES (RE‐90)
The RE scenarios have renewable energy targets of 50% in 2030, 80% in 2040 and 90% in
2050.The 90% RE generation in this scenario includes energy provided from wind, solar, storage,
and renewable natural gas (RNG) plants and other carbon‐free resources to achieve a 100%
carbon free system. This scenario is particularly important considering the recent roadmap by
Governor Polis and his task force of 100% renewables by 2040. Our model uses a slightly different
metric of 90% renewables by 2050 because we found that cost increases substantially above 90%
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penetration of variable or intermittent resources. This scenario will test whether high variable
renewable energy is a feasible option.
This scenario also uses the state’s agricultural waste to produce renewable natural gas (RNG) or
biogas. The Colorado legislature is currently debating over a GHG emissions bill, which would
require that utilities account for at least 35% of GHG emission reductions using RNG.13 Based on
this, our model begins using RNG in 2040 and assumes that combustion turbine plants installed
after 2030 will be utilizing RNG instead of natural gas starting in 2050 to meet the 90% RE target.
The remaining 10% of non‐renewable resources in 2050 will come from clean technologies
including hydro and combined cycle gas turbines (CCGT) with carbon capture and sequestration
(CCS) plants. CCS plants will offset their emissions by using a blended fuel (90% Natural gas and
10% RNG) to achieve full carbon neutrality.
4.3. ALTERNATIVE CASE 2: 90% RENEWABLES WITH HIGH ELECTRIFICATION (RE90‐HE)
The RE‐90 High Electrification case assumes the same parameters as above but seeks to answer
whether PSCo can meet the state’s transportation and building electrification goals and still
maintain reliability and affordability. Our RE90‐HE scenario has similar carbon emission and
renewable energy targets as the RE‐90 case but it is assuming that 75% of residential space and
water heating will be electrified and 1.3 million light‐duty EVs will be added to the system by
2050. Overall energy sales in this case have increased from 45 TWh to 57 GWh per year.
4.4. ALTERNATIVE CASE 3: 100% CLEAN ENERGY (CE‐100)
The CE‐100 scenario assumes that PSCo achieves 50% emissions reductions from 2005 levels by
2030, 85% by 2040, and zero emission electricity by 2050. The CE targets are comparatively more
flexible than the RE cases since fossil fuel emissions will be offset through carbon capture
technologies or the use of green fuels. Because CCS technologies are not completely emissions‐
free, we utilized blended fuel (a mix of RNG and natural gas) to offset the remaining emissions.
To meet the 85% CE target in 2040, this scenario adds CCGT‐CCS in 2040 in addition to solar,
wind, CT‐RNG and storage. In terms of policy goals, CE‐100 scenarios are in line with the state of
Colorado and Xcel Energy’s targets and allows for a less abrupt transition to renewable energy
by allowing fossil fuel plants to remain operational and gradually convert to carbon‐neutral
technologies.
Clean energy resources in this case include solar, wind, hydro, CT with RNG and CCGT with carbon
capture. There are no existing nuclear power plants in PSCo’s current resource mix, therefore our
model does not consider including nuclear energy.
4.5. ALTERNATIVE CASE 4: 100% CLEAN ENERGY WITH HIGH ELECTRIFICATION
The CE100‐HE case, in comparison, assumes the same emission reduction targets as above, but
seeks to answer whether PSCo can meet the state’s transportation and building electrification
goals and still maintain reliability and affordability. This case has similar carbon emission and
13

https://www.greeleytribune.com/2021/04/03/chris‐kraft‐renewable‐natural‐gas‐should‐be‐part‐of‐our‐future/

17

Aziz & Litwin – 2050 IRP for PSCo

May 2021

clean energy targets as the CE‐100 case (50% in 2030, 85% in 2040 and 100% in 2050) but it is
considering the electrification of 95% of residential building space and water heating (8.7 GWh)
and the additional of 1.3 million light‐duty EVs (3 GWh) to the system by 2050. Additional capacity
in this scenario is met by the carbon free technologies as in the CE‐100 case. Both high
electrification scenarios use the same assumptions for transportation and building electrification.
Details of our reference scenarios and all four alternative scenarios are given in Appendix 1.
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5. Results
In this section we present an overview of our recommended capacity mix, energy productions,
and cost for all the scenarios in 2050.
5.1. SUMMARY
The table below shows the results and key metrics from our model for each scenario.
Table 5: Summary of Key Metrics and Results of Modeling Scenarios for PSCo’s System
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5.2. SYSTEM CAPACITY
5.2.1. NAMEPLATE CAPACITY
The figure below represents the nameplate capacity or maximum rated capacity of different
generation resource types in all modeled scenarios. With no emission constraints, the Reference
case uses additional natural gas, solar, and wind resources to meet a 50% RE target by 2050. Coal
capacity is substantially reduced as per the PSCo’s planned plant retirement dates. Within three
decades the capacity doubles.
The RE‐90 case requires a 90% share of renewable energy generation in 2050, which leads to a
substantial addition of capacity including wind, solar, storage, and CT‐RNG. Since this scenario
achieves zero‐emission electricity by 2050, an additional 10% clean energy generation goal is met
mostly by CCGT with carbon capture and a very small portion of hydro. The total installed
nameplate capacity in 2050 increases by almost four times from 2021 levels. We also find that
adding transportation and building electrification load to the RE‐90 case increases wind share
substantially over the next few decades, while the overall share of solar, storage, and CT‐RNG
decreases. The RE90‐HE case adds an additional 10% capacity as compared to the RE90 case. The
overall capacity in 2050 has increased by more than four times from 2021 levels.

Figure 8: Comparison of Nameplate Capacity Among 2021 REF and 2050 Scenarios
In the CE‐100 case, the 100% clean energy target is mostly met by solar, wind, CT‐RNG, CCGT‐
CCS, storage, and a small portion of hydro. Overall capacity in 2050 increases almost three times
from 2021 levels. Similarly, when adding high electrification to the CE‐100 scenario, this adds
only 1500 MWs capacity to the PSCo’s system with a similar mix of resources as CE‐100. Wind
capacity increases slightly, while solar, CT‐RNG, and storage capacity decrease slightly. Adding
20
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high electrification to the CE‐100 case adds almost 5000 MWs of CCGT‐CCS capacity, which is the
highest amount of carbon capture and storage among all scenarios.
5.2.2. DEPENDABLE CAPACITY
Dependable Capacity means the amount of electric generating capacity that a facility can
produce during the most restricted period. For thermal plants, dependable capacity is almost
equal to the nameplate capacity, while in the high renewable energy scenarios (RE‐90 and RE90‐
HE), the dependable capacity is much lower than the nameplate capacity. There is a required
planning reserve margin of 16.3% for PSCo’s system, therefore, in the high RE scenarios, a
significant amount of solar, wind and storage along with CCGT‐CCS and CT‐RNG plants meet the
load demand and planning reserve margin. In the figure below, the RE100‐HE case shows the
largest differential between dependable capacity and nameplate capacity – 3 times more. This is
because the effective load carrying capacity (ELCC) is much lower for variable renewable energy.

Figure 9: System Peak, Dependable, and Nameplate Capacity for All Scenarios
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5.3. ENERGY GENERATION AND CURTAILMENT

Figure 10: Comparison of Net Generation Share Among 2021 Reference Scenario and Five 2050
Alternative Scenarios
The above figure shows how various resources are deployed to meet electricity demand. The mix
of energy sources for PSCo’s electricity generation will change over time as we expect variable
renewables will dominate the total generation by 2050. Most of the generation needs are met
by renewable energy including solar and wind, followed by CCGT‐CCS, and lastly CT‐RNG (used
mostly to meet reserve margins.
The reference scenario’s generation increases to 46TWh in 2050 to meet all future capacity needs
with the lowest cost resource available while meeting the 50% RE target.
In the 90% RE Scenario, overall generation has increased to 52TWh in 2050, whereas the 90RE‐
HE case has the highest generation among all cases, almost twice the 2021 level because of the
variability in renewable energy generation and additional load from transportation and building
electrification.
The CE100 case has a significant amount of CCGT generation share with carbon capture in 2050.
The total generation has increased to 52TWh, while in high electrification CE cases, total
generation has increased to 62TWh.
In all alternative scenarios, by 2030, renewables will be the major source of generation in PSCo’s
system. All combustion turbine plants installed after 2030 will run on RNG to support grid
operations, mainly by providing power during periods of peak demand to maintain reliability.
Thus, biofuel production will gradually grow through 2050 and replace natural gas.

22

Aziz & Litwin – 2050 IRP for PSCo

May 2021

5.4. MONTH‐HOUR DISPATCH
These month‐hour dispatch charts below show average load and generation by resource in 2050
for each scenario. High renewable energy penetration in the RE and CE cases exceed the demand
during peak production hours and lead to high curtailment. These scenarios, therefore, require
battery storage (represented in purple) at a higher cost as well as carbon capture or green fuels
(in orange and red) to meet peak load demand and improve system reliability.
The overall curtailment in the 90RE cases is 20%, while CE100 has 16% and CE100‐HE has 11%.
To improve the overall utilization factor of these variable resources, demand‐side management
programs should be introduced to cater to the peak load. Also, excessive renewable energy can
be converted into other energy types, such as hydrogen for transport. The cost‐benefit of this
approach, however, could vary significantly depending on location, time, and penetration of
renewable energy.

Figure 11: Month‐Hour Dispatch for Each Scenario
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5.5. SYSTEM COST
The below graph represents the retail rates of all scenarios through 2050. Our high
electrification cases have the lowest retail rates through 2035 when compared to other cases.
The reason for this low cost is mainly due to increased energy sales and continued operation
of existing natural gas and coal plants. Also, due to design constraints on emission levels, the
results show that adding required resources has a marginal impact on the retail rates until
2040. A cost spike is seen between 2040 and 2050 because large amounts of renewable energy
resources are added and new, more expensive technologies like carbon capture and low‐
carbon gas are introduced to achieve zero‐emissions.
Our results show that these ambitious clean‐energy targets will increase the overall retail rates
by 18‐26% in 3 decades across the alternative scenarios compared to the reference case
depending on the technology choice and electrification scenarios.

Figure 12: System Average Retail Rate for 2021 REF and All 2050 Scenarios
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Figure 13: 2050 Total System Costs for 2021 REF and All 2050 Scenarios
The figure above compares the 2021 Reference case system costs with the final system costs for
all four alternative scenarios in 2050. Transmission and distribution costs (T&D) for 2021 were
determined from the utility’s existing revenue and retail rates and we assumed 1.2%
compounded growth for T&D cost across all scenarios. Lastly, we used a price of $20 per ton for
carbon capture and storage, which was suggested as a reasonable estimate by energy field
experts. Our results show that system cost increases for all cases between 2021 and 2050. The
RE100‐HE scenario has the highest system cost of l.8 billion per year and is almost $200 million
per year more than the CE100‐HE case and $1.24 billion more than the RE‐90 case.
While retail rates are lower for the high electrification cases than the CE‐100 and RE‐90 case, the
high electricity sales require more investment in T&D systems, thus causing overall system cost
to increase. Overall, our results highlight that the zero emission scenarios would cost PSCo
around 1 billion to 2.4 billion more per year.
5.6. EMISSIONS AND EMISSIONS INTENSITY
Our four alternative scenarios seek to achieve Colorado's ambitious zero‐emission targets. Based
on our model, 50% emission reduction is achieved by 2030, 80% by 2040, and zero‐emission
electricity by 2050. The chart below shows that the emission intensity has declined at almost the
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same rate for all cases except the Reference case. In 2050, the Reference case is projected to still
produce around 7.7 million metric tons of CO2 emission per year.

Figure 14: Comparison of Emissions Across All Scenarios

Figure 15: Comparison of Carbon Intensity Across All Scenarios
The figure below represents emissions from the RE90‐HE scenario including avoided emissions
from building and transportation electrification. While the high electrification scenarios have
more total emissions than the Reference scenario, the avoided emissions from transportation
and building electrification make up for this difference.
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Figure 16: Avoided Emissions from Building and Transportation Electrification

6. Conclusions & Recommendations
State decision makers and PSCo must harness Colorado’s plentiful solar and wind resources to
meet their aggressive renewable energy and zero‐emission electricity targets by 2050. If
renewable energy growth continues based on “business‐as‐usual”, our research shows that by
2050, state capacity needs will achieve only a 50% share of lowest‐cost renewable resources,
while the remainder will still come from fossil‐fuels such as natural gas.
Our four alternative scenarios prove that it is not only possible to go beyond business‐as‐usual,
but also to achieve zero‐emission targets in the next three decades. The RE‐90 scenario sets a
target of 90% renewable generation in 2050 made up of mostly solar, wind, CCGT‐CCS and CT‐
RNG, while the CE‐100 sets a target of 70% RE by 2050. During the modeling process, we
discovered that trying to achieve a 100% renewable energy target requires a large and costly
addition of CT‐RNG, solar, wind and storage. Moreover, we found through our research that
many studies forecasted RNG resource constraints and price spikes due to increased demand by
2050, which would lead to unacceptably high customer rates.
Energy needs in the 100CE case are met by solar, wind, and combined cycle with carbon capture
and storage, and a small portion by battery storage. Additionally, for the CE100‐HE case,
additional capacity needs through 2050 are met by the same type of carbon‐free resources as
the CE‐100 case.
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On the supply side, all existing CCGT and CT plants retire by 2050 in our four alternative scenarios.
Additionally, all new CCGT plants added to the system include CCS technology and use blended
fuel (90% natural gas and 10% biofuels), and all new CT‐Gas plants added before 2040 are
converted to CT‐ RNG in 2050. Therefore, high utilization of CCGT‐gas and coal plants are replaced
by cheaper technology options like solar and wind in 2030, which leads to decreasing costs
through 2040. At the same time, we found that cost in 2050 increases substantially due to the
addition of CCGT plants, the conversion of CT natural gas plants to RNG, and a significant addition
of storage to meet emission targets across all scenarios.
In the high electrification scenario, energy sales have increased from 45 TWh to 57 TWh in 2050.
Thus retail rates per kWh in the high electrification scenarios are 3% less. We believe that peak
load can be further reduced by implementing demand response, managed EV charging, and time‐
of‐use rates. These strategies can shift load to the middle of the day and absorb cheaper excess
solar and wind generation. Overall, among all 4 alternative scenarios, the RE‐90 cost has
increased by almost 26% in 2050, the CE100 and RE90‐HE costs have increased 22%, and the
CE100‐HE cost has increased 18% in the three decades leading to 2050.

Figure 17: Key Conclusions and Recommendations
Colorado, unlike other regions of the US, can take advantage of its own wind and solar resources
without having to rely on imports. Our research indicates that all alternative scenarios can
harness these renewable energies or invest in new clean technologies to achieve zero‐emissions
by 2050, while maintaining reliability and affordability.
When considering renewable energy as the main source of future electricity generation, we
found that concentrations over 90% became cost prohibitive due to the added storage required
to meet reliability requirements. Additionally, dispatchable resources using green fuel or carbon
capture should be considered to meet peak demand.
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We found that electrification of EVs and residential buildings will help to drastically reduce
carbon emissions in these sectors and will have a marginal cost impact on ratepayers. Utility
programs such as demand response and managed EV charging can also help to manage overall
cost.
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7. Appendixes
7.1. KEY MATRICES
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7.2. TECHNOLOGY & FUEL COSTS
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