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I. Introduction: conjectural statics of household welfare analysis 

 
“What would you think if I sang out of tune? Would you stand up and walk out on me? Lend me your 

ears and I’ll sing you a song. And I’ll try not to sing out of key.”1 The current and conflicting realities of 

building stock floor space are out of key with assumptions underlying our Calgary 2010 paper.2 It 

examined how residential electricity service providers known for price discrimination through declining 

block rates could additionally discriminate by offering flat-rate service contracts to some customers and 

by offering bundled services and technologies optimally paired with different base- and peak-load 

generation sources, for a household single family detached building stock with an average floor space of 

2375 sq. ft. Here, we use a significantly revised methodology to look at a shopping list of Energy Star 

technologies expanded by 5, situated in a housing stock which may be larger or smaller by amounts 

motivated by changes in household size or wealth.  Demographically, we conjecturalize a building stock 

growing larger as larger or more affluent families migrate to the suburbs, in (conjectural) contrast to a 

move back into city centers enlivened by improvements in cultural amenities. We hook our conjectural 

analysis to Version 4.0 of a Nash game, Shadowprice.com Autopilot. Its new floor space solution module 

is driven by income elasticity of demand that differs by purpose.3 

With the 5 additional Energy Star technologies, we expanded the possible price/portfolio options 

comprising a rehab from 5 to 7. Included are helical fluorescent bulbs and two sizes of photovoltaic 

panels, plus a “renewables in supply” conjecture/prediction of how welfare results are affected if our 

customer segment is formed from households willing to pay 3 additional cents/kWh for 21.7% of kWh 

purchased from renewable suppliers (low power cost regime) or 5 additional cents/kWh for 1/3rd of kWh 

purchased from renewable suppliers (high power cost regime). Estimated parameters enter 

Shadowprice.com Autopilot, where their influence grows or diminishes as market power dictates. The 

paper defines fifty eight heuristic scenarios used to perform welfare estimation of consumers and 

producers surplus caused by the single provider's discriminatory behaviors in suburb or else central city.  

 

As in Calgary 2010, we include the Paul Joskow-inspired acid test for the value of electricity 

technology/service bundles as how well they compete against no-frills direct access to wholesale power,4 

and use Massachusetts Electric default service as our model for awarding it to all new customers5 for the 

year of simulation and to existing customers who switch.  

 

Developing our conjectural hypotheses required data relating income to household replacement or 

rehabilitation expenditure found in the U.S. Department of Housing and Urban Development American 

Housing Survey 2011.6 (We use the word “rehab” to stand for household replacement or rehabilitation.) 

We complemented these data with a building stock incorporating the Energy Star technologies, using 

Department of Energy cost and performance data sited in the Kansas City SMSA.7 It was a fortuitous 

marriage. 
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II. Heuristic scenarios for assessing producer and consumer surplus 
in single family detached houses of different size 

 
As cited in Calgary 2010, this paper relies on Heuristics and Design, where Britton Harris described the 

importance of heuristics for resolving real-world city planning problems for which optimization tools 

such as dynamic programming were poorly equipped to produce realistic, usable answers.8 Alternatively, 

a planner or energy economist might develop heuristic scenarios designed to bound all probable outcomes 

and use them to guide the analysis.9 In our current case, the move from 5 to 7 possible price/portfolio 

options increased the number of unique choice combinations from 32 to 128. Additionally, with the five 

additional Energy Star technologies, the increase from 16 to 21 price/product attributes increased the 

difficulty for Shadowprice.com’s solution algorithm to find unique solutions. Shadowprice.com Autopilot 

finds solutions using topology set in motion by a “game-assignment-seed.”10 If a solution is not found, 

Shadowprice.com makes 489,600 additional solution passes, before it uses its “GoBack” function to draw 

a new set of game assignment seeds. Completing a scenario with high or low wholesale electricity price 

regimes for scenarios 27 through 42 with larger or smaller houses owing to family size expansion or 

contraction, or a scenario with high or low wholesale electricity price regimes for scenarios 43 through 58 

with larger or smaller houses owing to richer or poorer occupants requires consideration of four different 

$1000 income-change impacts. Using Shadowprice.com’s new floor space solution module, this amounts 

to either 3, 6, 9, 12, or -3, -6, -9, -12 deltas – requiring 128 game simulations. Contrary to precepts of a 

purely Monte Carlo game, we made deliberate choices of deltas for Scenarios 27 through 42, and 

separately for scenarios 42 through 58, in order to ensure that solutions were possible for all deltas (See 

Table 1 below). For example, we used a -12 delta for a single household income change to characterize 

Scenario 37 with low wholesale electricity prices plus 3 additional cents for renewables in supply, as well 

as for Scenario 38 with high wholesale electricity prices plus 5 additional cents for renewables in supply 

(deltas in red below). Also, because the topology (and floor space) distance between +3 and +12 deltas 

differs from the topology (and floor space) distance between -3 and -12 deltas, we normalized the 

negative distances. For example, a -9 delta signals a $9,000 household income decline bringing about an 

844 square feet drop in housing stock floor space. 

 

Shadowprice.com Autopilot engages a player to start things off with a program portfolio selected and 

implemented for every game of a 90-game season. This “live-player” problem extended the Study Design 

heuristics to include the nature of choices he or she made. Adding what the live player does to the Study 

Design defines the fifty eight scenarios of Autopilot game play within the context of a descriptive syntax 

that precedes it: 

 
Scenario Labels and Study Design 

1. I01 – Standard Offer  

2. I02 – Utility Distribution Company (UDC) advertises plus 4 to 6 of 17 possibly mutually exclusive 
service enhancements  

3. I03 – UDC advertises plus 6 of 17 possibly mutually exclusive service enhancements  

4. IP1 – Incumbent UDC cannot price below cost at all  

5. IP2 – Incumbent UDC can price below cost at will  

6. IR1 – Renewables in electricity supplied for 3 additional cents per kWh, combined with +1.575 kW PV 
& net metering  

7. IR2 – Renewables in electricity supplied for 5 additional cents per kWh, combined with +3.15 kW PV & 
net metering  

8. NEC+? – Draw(3,6,9,12) for thousand dollar income increases increasing housing size for larger family 
size  

9. NEC-? – Draw(-3,-6,-9,-12) for thousand dollar income declines decreasing housing size for smaller 
family size  
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10. LUX+? – Draw(3,6,9,12) for thousand dollar income increases increasing housing size for luxury living  

11. LUX-? – Draw(-3,-6,-9,-12) for thousand dollar income declines decreasing housing size owing to 
incomes falling  

12. P1 – Player advertises plus 5 of 17 possibly mutually exclusive service enhancements and a flat rate 
2-year service contract (specifically, 1 4 8 9 11 13 16)  

13. P2 – Player advertises, offers 2-way customer/utility datacom, and a flat rate 2-year service contract 
(that is, 1 10 16)  

14. P3 – Player advertises, offers renewables in supply, helical fluorescent bulbs, +1.575 kW PV or +3.15 
kW PV (depending on IR value) & net metering, plus outage reduction (specifically, 1 2 4 12 13)   

15. Renewables in electricity supply must be advertised by any Nash Coalition Partner. The household 
pays 3 additional cents per kWh when Base Load Generation Cost is LOW, and 5 additional cents per 
kWh when Base Load Generation Cost is HIGH.  

16. For the augmented Calgary 18, use of the Game Assignment Seed and the player portfolio and 
market strategy selected will exactly replicate the “Maximum Price Discrimination Profit Result” for any 
game of the first market area base load price scenario played, be it HIGH or LOW. Scenarios 19 through 
58 each describe one Market Area Base Load Power Cost only; and, use of the Game Assignment Seed 
and the player portfolio and market strategy selected will exactly replicate the “Maximum Price 
Discrimination Profit Result” for any game played. IR1 describes low cost scenarios (MABLPC = 0). IR2 
describes high cost scenarios (MABLPC = 1).  
 
Scenarios by Type (player strength, UDC policy, UDC pricing, renewables in supply, SFD house size 
changes)  
A. The augmented Calgary 18  

1. P1,I01,IP1  

2. P1,I01,IP2  

3. P2,I01,IP1  

4. P2,I01,IP2  

5. P3,I01,IP1  

6. P3,I01,IP2  

7. P1,I02,IP1  

8. P1,I02,IP2  

9. P2,I02,IP1  

10. P2,I02,IP2  

11. P3,I02,IP1  

12. P3,I02,IP2  

13. P1,I03,IP1  
14. P1,I03,IP2  

15. P2,I03,IP1  

16. P2,I03,IP2  

17. P3,I03,IP1  

18. P3,I03,IP2  
 
B. The renewables in supply 8  
19. P3,I01,IP1,IR1  
20. P3,I01,IP1,IR2  

21. P3,I02,IP1,IR1  
22. P3,I02,IP1,IR2  
23. P3,I01,IP2,IR1  
24. P3,I01,IP2,IR2  
25. P3,I02,IP2,IR1  
26. P3,I02,IP2,IR2  
C. PLUS larger or smaller houses owing to family 
size expansion or contraction 16  
27. P3,I01,IP1,IR1, NEC Draw(3,6,9,12)  
28. P3,I01,IP1,IR2, NEC Draw(3,6,9,12)  
29. P3,I02,IP1,IR1, NEC Draw(3,6,9,12)  
30. P3,I02,IP1,IR2, NEC Draw(3,6,9,12)  
31. P3,I01,IP2,IR1, NEC Draw(3,6,9,12)  
32. P3,I01,IP2,IR2, NEC Draw(3,6,9,12)  
33. P3,I02,IP2,IR1, NEC Draw(3,6,9,12)  
34. P3,I02,IP2,IR2, NEC Draw(3,6,9,12)  
35. P3,I01,IP1,IR1, NEC Draw(-3,-6,-9,-12)  
36. P3,I01,IP1,IR2, NEC Draw(-3,-6,-9,-12)  
37. P3,I02,IP1,IR1, NEC Draw(-3,-6,-9,-12)  
38. P3,I02,IP1,IR2, NEC Draw(-3,-6,-9,-12)  
39. P3,I01,IP2,IR1, NEC Draw(-3,-6,-9,-12)  
40. P3,I01,IP2,IR2, NEC Draw(-3,-6,-9,-12)  
41. P3,I02,IP2,IR1, NEC Draw(-3,-6,-9,-12)  
42. P3,I02,IP2,IR2, NEC Draw(-3,-6,-9,-12)  
 
 



4 

 

D. PLUS larger or smaller houses owing to richer 
or poorer occupants 16  
43. P3,I01,IP1,IR1, LUX Draw(3,6,9,12)  
44. P3,I01,IP1,IR2, LUX Draw(3,6,9,12)  
45. P3,I02,IP1,IR1, LUX Draw(3,6,9,12)  
46. P3,I02,IP1,IR2, LUX Draw(3,6,9,12)  
47. P3,I01,IP2,IR1, LUX Draw(3,6,9,12)  
48. P3,I01,IP2,IR2, LUX Draw(3,6,9,12)  
49. P3,I02,IP2,IR1, LUX Draw(3,6,9,12)  

50. P3,I02,IP2,IR2, LUX Draw(3,6,9,12)  
51. P3,I01,IP1,IR1, LUX Draw(-3,-6,-9,-12)  
52. P3,I01,IP1,IR2, LUX Draw(-3,-6,-9,-12)  
53. P3,I02,IP1,IR1, LUX Draw(-3,-6,-9,-12)  
54. P3,I02,IP1,IR2, LUX Draw(-3,-6,-9,-12)  
55. P3,I01,IP2,IR1, LUX Draw(-3,-6,-9,-12)   
56. P3,I01,IP2,IR2, LUX Draw(-3,-6,-9,-12)  
57. P3,I02,IP2,IR1, LUX Draw(-3,-6,-9,-12)  
58. P3,I02,IP2,IR2, LUX Draw(-3,-6,-9,-12) 

 
Shadowprice.com is a Monte Carlo game about utility behavior. As such, benefit to household customers 

derives from decisions about programmatic portfolio selection and market power strategy made by the 

UDC, and by extension, its seven coalition partners (not including the default-service provider). 

Programmatic decisions for non-player and the UDC IO2 and IO3 offers are random choices made in 

accordance with Fig. 1. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Price/Product Design Attribute Tableau for UDC and Electricity Service 

Provider (ESP) Coalition Partners 

 

 

 

III.  How the UDC fares with more Energy Star Technologies sited in 
differently sized building stock 

 
It’s convenient to group scenarios graphically to highlight the welfare impacts. 

 

Figure 2 displays welfare performance results for the augmented Calgary 18, with HIGH (IR2) scenarios 

on the right of the LOW (IR1) scenarios. 

 

The Price Discrimination Profit is generally higher with the expanded portfolio of Energy Star 

technologies than what it was in Calgary 2010 without them. Per customer Consumer Surplus is roughly 

comparable to Calgary 2010 but exhibits considerably more variability. Maximum Incremental Monopoly 

Surplus and Producers Surplus are barely visible at the base of Fig. 2, because we put them on a per 

customer basis, showing the “few cents” shadow-price-induced impact they have on the December bill. 

The impact is usually but not always negative (See Fig. 5 below). 

 

Price/Product Design Attributes

0 0

UDC 

Standard 

Offer 

(IO1)

UDC IO2 

Offer

UDC IO3 

Offer 1 2 3 4 5 6 7 8 P1 P2 P3

1 Advertising with brand name TV spots X X X X X X X X X X X X X X

2 Renewables in supply mix X X X X

3 Conservation assistance X X X X X

4 Helical fluorescent bulb promotion X X X X

5 Improved customer service X X X

6 Performance-based fixed rate X X

7 Whole house surge protection X X

8 Landscape lighting X X

9 Energy efficient refrigerator/freezer X X X

10 2-way customer/utility datacom for appliance management X X X

11 Bundled electricity, water, natural gas X X X X

12 Bundled electricity, H2O, nat. gas, PV panels w/net metering X X X

13 Reduced outages X X X X X X

14 Energy efficient HVAC system upgrade X X

15 Energy efficient washing machine X X

16 2-year service contracts with penalty for breaking X X X X

17 Energy efficient dehumidifier X X

18 Energy efficient dishwasher X X X

19 Energy efficient water heater X X X

20 Insulation upgrade including Transparent Insulation Material X X

21 Glazing upgrade including controllable window blinds X X

Choices available to non-player coalition partners Player  Choices

Random 

selection of 

price/product 

design 

attribute 

portfolio 

from those 

available to 

non-player 

coalition 

partners 1 

through 5, 7 

and 8 -- and 

2 to 6 options 

from it

Random 

selection of 

price/product 

design 

attribute 

portfolio 

from those 

available to 

non-player 

coalition 

partners 1 

through 5, 7 

and 8 -- and 

6 options 

from it
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Figure 2. The augmented Calgary 18 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please also note that Figure 2 includes the different 

port 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please note that Fig. 2 includes the three portfolio arrays (the IO1 Standard Offer, the IO2 4 to 6 service 

enhancements in addition to advertising its brand name, and the IO3 6 service enhancements in addition 

to advertising its brand name) for the UDC described in the Scenario Labels and Study Design above. 

 

For Fig. 2 and Figs. 3, 4, and 6 to come, the number in parenthesis following the scenario label discloses 

the market power manifestation11 that produced the maximum price discrimination profit in NPV $ per 

customer per month in a 90-game series: 

1) Free market 

2) All competitors or Nash coalition partners assume other partners will raise price 

3) All competitors or Nash coalition partners assume that while raising price, partners will 

cluster around flat rates offered 

 

Figure 3 displays welfare performance results for the renewables in supply 8, again with HIGH (IR2) 

scenarios on the right of the LOW (IR1) scenarios. For this and remaining scenarios, only the IO1 and 

IO2 UDC portfolio scenarios were simulated. We believe the IO3 portfolio to be as unrealistic as it 

proved difficult for Shadowprice.com Version 4.0 to find solutions. Again, Maximum Incremental 

Monopoly Surplus and Producers Surplus are barely visible at the base of Fig. 3, because we put them on 

a per customer basis, showing the “few cents” shadow-price-induced impact they have on the December 

bill. 
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   Figure 3. The renewables in supply 8 

 
Figure 4 displays welfare performance for the 16 Scenarios in which larger or smaller houses were owing 

to family expansion or contraction (NEC). 

 

For Fig. 4 and Fig. 6 to come, the number in brackets (following the market power manifestation in 

parenthesis following the scenario label) discloses the + or – thousands of dollar rehab value delta 

associated with every game of this 90-game series. 

 

The NEC Scenarios depicted by Fig. 4 differ by income elasticity from the LUX Scenarios which follow 

in Fig. 6. We experimented with two approaches to simulating the income-elasticity-motivated results. 

The first approach was an “arc-elasticity-approach” designed to cover the spectrum from the 

neighborhood of an inelastic 0.6 for the NEC scenarios to the neighborhood of an elastic 1.4 for the LUX 

Scenarios. This approach was unsuccessful with the Shadowprice.com solution architecture, yielding 

overlapping solution magnitudes for the five “key” variables predicted for necessity and luxury living. 

 

The second approach was a “point-elasticity-approach” for which we back-solved our solution algorithm 

to force necessity (NEC) scenarios to 0.6 and luxury (LUX) scenarios to 1.4, with the floor space 

reductions normalized as described above for negative deltas.  

 

This approach was as successful as it may seem unrealistic. For this, we appeal to the Britton-Harris- 

inspired heuristic scenario design approach employed here and for Calgary 2010. We know that we could 

have simulated other NEC inelastic point elasticities (e.g, 0.4, 0.8) and other LUX elastic point elasticities 

(e.g., 1.2, 1.6); however, this would be superfluous because doing it once suffices to prove the concept. 
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Figure 4. Larger or smaller houses owing to family size expansion or contraction  

 

Once again, Maximum Incremental Monopoly Surplus and Producers Surplus are barely visible at the 

base of Fig. 4, because we put them on a per customer basis, showing the “few cents” shadow-price-

induced impact they have on the December bill. 

 

The per customer producers surplus at the base of Fig. 4 turned out to include the largest predicted for any 

scenario grouping (Fig. 5 below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Per customer Maximum Incremental Monopoly Surplus and Producers 

Surplus for the NEC Scenarios 
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Fig. 6 displays welfare performance for 16 Scenarios in which larger or smaller houses were owing to 

richer or poorer occupants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Larger or smaller houses owing to richer or poorer occupants 

 
 To examine how well Figs. 5 and 6 maximum price discrimination profit results depict dispersions 

characteristic of NEC low and LUX high income elasticity predictions, we looked at the variance and 

standard error of the two 16-point data series: 

 NEC price discrimination profit in NPV $ per customer month has variance 191.4 and standard 

error 13.8. 

 LUX price discrimination profit in NPV $ per customer month has variance 1039.1 and standard 

error 32.2. 

 

Table 1 shows actual floor space simulated, induced by income elasticity that differs for housing needed 

to accommodate family size (NEC) from that purchased as a luxury good (LUX). 

 

 

 

 

 

 

 

 

 

Table 1. Monte Carlo floor space selections for NEC and LUX Scenarios 

+ 3281 4188 5094 6000

- 2094 1812 1531 1250
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As in Calgary 2010, the heuristic scenario simulations told some other stories as well: 

 

1. Distribution of Player Landings. The player is assigned at random to one of eight base load 

price series within the base load price regime in effect for the 90-game series under consideration. 

Each base load price series is paired with a peak load price series reflecting the cost of wholesale 

power to the player at this landing. On average, over many 90-game-series simulated, there 

should be a 45/45 split between the low-priced and high-priced landings. Table 2 describes the 

results obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Maximum, minimum, and average draws by high or low price, wholesale base 

load generation cost, and scenario 

 
2. Market Shares’ Sum in game of maximum price discrimination profit. “New” default service 

customers cannot be added to coalition-partner competition before the number of new customers 

is determined from month to month by the accounting module. This system of eighteen equations 

and identities was adapted by Ratchford12 from a study describing financial service providers by 

Rust, Zahorik, and Keiningham.13 New customers are added to the default service competition in 

the coalition partner balance sheets’ module of Shadowprice.com Autopilot. Subsequently, as 

Shadowprice.com optimizes, it makes utilization adjustments based on price elasticity and take-

back effects. Each time it completes an optimization round along its (163,200 pass) solution path 

it re-computes the market shares’ sum. However, the bell rings on the last utilization adjustment. 

No attempt is made to normalize the resulting market shares’ sum. The average market shares’ 

sum across the seventy-six-90 game series’ heuristic scenario single provider maxima for Hayek 

and optimized market shares are as follows: 

 

Scenario

Wholesale 

Base Load 

Generation 

Cost

Low Price 

Draws

High Price 

Draws

High 54 55 Maximum

Low 55 55 Maximum

High 35 36 Minimum

Low 35 35 Minimum

Average 45.306 44.694

Low 50 46 Maximum

High 50 47 Maximum

Low 44 40 Minimum

High 43 40 Minimum

Average 47.375 42.625

Low 47 52 Maximum

High 48 55 Maximum

Low 38 43 Minimum

High 35 42 Minimum

Average 42.750 47.250

Low 53 54 Maximum

High 51 50 Maximum

Low 36 37 Minimum

High 40 39 Minimum

Average 46.250 43.750

45.420 44.580Global average

The 

augmented 

Calgary 18

The 

renewables 

in supply 8

Larger or 

smaller 

owing to 

family size 

(NEC)

Larger or 

smaller 

owing to 

wealth 

(LUX)
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The average Hayek market shares’ sum was 100.33%. The average optimized market shares’ sum 

was 100.77%. 

 

3. Player influence on price discrimination profit. Batting average is a Survival Risk metric for 

player performance over a Shadowprice.com Autopilot series.14 Was player batting average 

good or bad for the average price-discrimination profit for all coalition partners over the 90-game 

series? The correlation coefficient between the two series over the seventy-six series was              

+0.37986, inferring that a relatively lower player survival risk signaled relatively lower average 

price-discrimination profit for all coalition partners over the 90-game series. 

 

4. Default service maximum market shares (See Fig. 7 below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Basic Electricity Service Market Share Maxima  

by Heuristic Scenario and Base Load Price Regime 

 
5. Advertising excluded, most popular non-player coalition partner selection in game of 

maximum price discrimination profit. Improved customer service tied for first with the Energy 

Star dishwasher at 175%. Bundled electricity, water, and natural gas service with consolidated 

billing finished second at 156.3%. Photovoltaic panels, sized at 1.575 kW DC or 3.15 kW DC, 

were tied for third with the Energy Star water heating appliance at 131.3%. Landscape security 

lighting scored 0% because we could not depict it owing to an array size problem. 

6. Photovoltaic panel costs went down since Calgary 2010. The overnight costs predicted for 

systems sized for the climate in Kansas City, Mo,15 were changed from Calgary 2010, and 

therefore benefit from China’s entrance into the solar cell and panel markets.16 (See Table 3 

below.) 
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Table 3. Photovoltaic panel year-to-year price reductions  

extrapolated from NREL data17 

 
The panels were predicted to reward the utility with renewable energy coupons (reks) valued at 

$20/MWH displaced per year. No federal or state conservation tax credit was included. Finally, 

household electricity was net-metered as allowed by Missouri statute and on the basis of Kansas 

City Power & Light electricity rates. The Pareto-efficient-solutions’ attractiveness to the two 

coalition partners of the PV panels concords with a Lyon and Yin finding that, while private 

interests were drivers behind Renewable Portfolio Standards’ legislation, renewable energy 

potential and partisan politics are more important, and “economic costs and benefits are not 

entirely absent from RPS politics.”18  

 

7. Consumer Surplus. Shadowprice.com is a Monte Carlo game about utility behavior. As such, 

benefit to household customers derives from decisions about programmatic portfolio selection 

and market power strategy made by the UDC, and by extension, its seven coalition partners (not 

including the default-service provider). Programmatic decisions for non-player and the UDC IO2 

and IO3 offers are random choices made in accordance with Fig. 1.  

 
Shadowprice.com Autopilot computes the value of a consumer surplus triangle but follows 

Mark Blaug in making a Hicksian income compensation19 adjustment that cuts it in half.20 The 

surplus measure of interest is that for all coalition-partner customers (including the UDC) but 

excluding the default-service customers.21 

 
Consumer surplus is calculated for every game of a series, in each month for each non-B.E.S. 

coalition partner, for all randomly- selected Price/Product Design Attributes (subject to the rules 

governing game play), for the number of customers selected for the coalition partner under 

consideration.  

 

After consumer surplus each month is summed over programmatic portfolio selections X 

adopters, it is then divided by the service territory customer base each month less the default 

service customers for the month, and finally summed for the prediction-year total. This step is 

YEAR

Starting 

Installed 

Cost

7 or 12% 

solution

Ending 

Installed 

Cost for P3

2010 $16,537.50 $1,157.63 $15,379.88

2011 $15,379.88 $1,076.59 $14,303.28

2012 $14,303.28 $1,716.39 $12,586.89

2013 $12,586.89 $881.08 $11,705.81

2014 $11,705.81 $819.41 $10,886.40

2015 $10,886.40 $762.05 $10,124.35

Starting 

Installed 

Cost

7 or 12% 

solution

Ending 

Installed 

Cost for P3

2010 $33,075.00 $2,315.25 $30,759.75

2011 $30,759.75 $2,153.18 $28,606.57

2012 $28,606.57 $3,432.79 $25,173.78

2013 $25,173.78 $1,762.16 $23,411.61

2014 $23,411.61 $1,638.81 $21,772.80

2015 $21,772.80 $1,524.10 $20,248.71  
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taken to fulfill the paper’s desire to know the market’s consumer surplus on a per customer basis 

to compare and contrast with producer’s surplus. 

 

8. Rules governing Shadowprice.com Autopilot game play. 

a) At least four non-UDC coalition partners do television spot advertising with the number of 

spots randomly and individually selected, never exceeding ten per month, and redrawn 

quarterly over the year of simulation. 

b) A coalition partner offering renewable energy in supply is not required to advertise unless the 

player tells it to do so on the bus stop screen. If not required, it does so at random. 

c) A coalition partner offering the performance-based fixed rate (option 6, Fig. 1) must 

advertise. 

Otherwise, choices are made for non-player coalition partners at random. For example, coalition 

partner 3’s random decision might be to offer renewable energy in supply and nothing else. The 

game requirement and objective is to generate a Pareto efficient tableau of portfolio choices in the 

ever present shadow of the UDC’s market power. Hayek starting prices reflect the value of 

price/product design attributes, including those held in inventory but not randomly selected for a 

particular game simulation. Also, the selection of base load and peak wholesale power costs is a 

paired random assignment to coalition partner slot that changes from game to game.  

 

The random choice of what to do concords with Gary Becker’s demonstration that downward 

sloping demand curves do not require the assumption of utility maximization, nor does the 

consumer surplus that accrues because customers were willing to pay more for less at prices 

above the margin.22 

 

Calgary 2010 employed heuristic scenario P2, IO1, IP1 to examine a Nash coalition using the 

Shadowprice.com Autopilot Game Assignment Seed for this Standard Offer Single Provider Maximum 

Profit Solution to find the Market Power Strategy 9 Cartel Solution with the low-base-load-price regime, 

and then make the minimum side payments required for Pareto efficiency in the market. We performed 

this analysis again, got analogous results, and found them not interesting enough to include in the Part 2 

update.  

 
 

IV.  Conclusion: Version 4 of Shadowprice.com is robust for looking at 
conjectural alternative changes in floor space from a common 
starting point 

 
This paper began with a commitment not to sing out of tune with the current dynamics driving changes in 

housing size, and to look at conjectural alternatives about household floor space choice emanating from 

needs (necessary for family size considerations) and wants (stemming from changes in household 

affluence). Along the way, we described how and how much results differed from those obtained in 

Calgary 2010.  

New technologies promise shared energy savings and costs to customers and the utility. 

Portfolio selection in Version 4.0 replaced previous versions' Cash-incentive to switch23 with an HVAC 

System upgrade using Energy Star data for central air conditioning. The five additional Energy Star 

technologies were dehumidifier, dishwasher,  water heating appliance, insulation upgrade, and glazing 

upgrade with controllable window blinds. The utility offers promotional incentives to encourage customer 

purchase of the new appliances. Additional energy-saving incentive is bundled in "Energy Conservation 

Assistance" as part of the UDC's Standard Offer. Pareto efficiency does not exclude negative profitability 



 

13 

 

as a game solution for a particular Nash Coalition partner; nor does it exclude negative consumer surplus 

or producers’ surplus for the market in the last forecast period.  

Are household markets as rational as commercial markets? 

Multivariate regression analysis failed to show a significant relationship between “household” implicit 

discount rate and space conditioning capacity need, as was found for the Chicago retrofit commercial 

buildings market.24 We therefore changed our focus from a new choice algorithm to development and 

implementation of the conjectural building stock size shifts differing by purpose and household income.  

Conclusions 

Ave Min Max Ave Min Max

Augmented Calgary 18 -$0.10 -$0.35 $0.01 $42.52 $17.77 $64.56

Renewables in Supply 8 -$0.10 -$0.22 $0.00 $29.91 $18.62 $44.08

Larger/Smaller houses owing to family size -$0.07 -$0.40 $0.03 $29.66 $18.43 $76.30

Larger/Smaller houses owing to wealth changes -$0.02 -$0.25 $0.01 $25.53 $17.39 $41.71

Scenario

Producer Surplus Consumer Surplus

Table 4. Producer and Consumer Surplus summary 

 
Per customer producer surplus equals market economic profit – equal in Shadowprice.com to total profit 

less normal profit from the Hayek price per kWh, divided by the number of customers (not including 

households receiving the Paul Joskow-inspired Basic Electricity Service). The Table 4 small average 

negative charge “added” to the December customer bill is a testament to how well we believe the DOE 

Energy Star technologies are suited to the differing-sized housing stock we conjured out of whole cloth 

for this analysis.  

 

Consumer surplus is measured per (20,100 customer service-class) household in the Shadowprice.com 

game of maximum price discrimination specific to (high or low) price regime.  

 

Along the heuristic-scenario-simulation path, the paper additionally found that Basic Electricity Service 

could attract a large share of the market in particular competitive settings – above 50% six times and with 

average-market-share-maximums of 14.21% under a high base load price regime and 33.97% under a low 

base load price regime. 

 

In critical retrospect, we look upon this paper as a proof-of-concept data frame, capable of but not looking 

at some households’ out migration and others’ back in, as predicted, for example, by a choice experiment 

(that we didn’t have at our disposal). Also, for example, the NEC and LUX income elasticity impacts are 

purely hypothetical exercises of the elasticity methodology. $12,000 won’t buy you a bathroom in most 

U.S. Metropolitan Statistical Areas (See Table 1 above). However, it may well be safe to assume that the 

benefits and costs are homothetic, and that a monotonic transformation of costs and benefits would 

produce “sensible” results. What we now know we should have examined and see as our next research 

task is the in-migration from single-family-detached quasi-suburban to central-city-multifamily attached. 
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