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The concept of carbon pricing is frequently misunderstood, so it is our first goal to ensure 
that we all have a common understanding of some key terminology. The key terms that need to be 
defined aUe ³Social CoVW of CaUbon,´ (SCC) ³caUbon pUicing,´ ³VhadoZ pUicing,´ and ³caUbon Wa[.´ 
The SCC is essential for understanding shadow pricing; and carbon pricing is, practically speaking, 
a synonym of shadow pricing. None of the former three concepts are explicitly connected to the 
concept of a carbon tax. 

Social Cost of Carbon (SCC) 

The essential idea behind the SCC, is that when greenhouse gasses (GHGs) and smog-forming 
gases are emitted (or specifically carbon), there is a cost to the community which is not normally 
accounted for. This cost is a real monetary cost associated with the environmental damage caused 
by carbon emissions, often taking the form of increased healthcare costs, reduced property values, 
and coping with the disastrous effects of climate change. 

David Pearce of the University College London defined SCC aV ³Whe eVWimaWe of Whe moneWaU\ 
value of world-wide damage done by anthropogenic CO2 emiVVionV,´ and ³Whe moneWaU\ YalXe of 
Whe damage done b\ emiWWing one moUe Wonne of caUbon aW Vome poinW of Wime.´ He fXUWheU addV:  

The usual time reference is the cXUUenW peUiod, bXW Whe UeVXlWing µmaUginal damage coVW¶ 
can be expected to rise for future emissions owing to the fact that greenhouse gases 
cumulate in the atmosphere. Damage is a function of the cumulated stock, so one extra 
tonne in the future will have a higher associated damage than an extra tonne released 
now. Additionally, as incomes grow, so the monetary value of damage is likely to grow, 
owing to an associated higher willingness to pay to avoid warming damage.1 

William D. Nordhaus of Yale University offers a more concise definition, describing the SCC as 
VXch: SCC ³deVignaWeV Whe economic coVW caXVed b\ an addiWional Won of caUbon dio[ide emiVVionV 
(oU moUe VXccincWl\ caUbon) oU iWV eqXiYalenW. [«] IW iV Whe change in Whe diVcoXnWed YalXe of Whe 
utility of consumption per unit of additional emissions, denominated in terms of current 
conVXmpWion.´2 

These definitions point to the key economic factor involved in the SCC. For corporations and 
governments that must make decisions based on budgets and cost-benefit analyses, the SCC is a 
helpful metric for making better-informed decisions. The SCC is a theoretic price which results 
from the emission of carbon. 

One might be tempted to say that the most desirable carbon emissions level is zero, and therefore 
we should always adopt whichever policy leads to the lowest level of emissions humanly possible. 

                                                 
1 D. PeaUce, ³The Social CoVW of CaUbon and IWV Polic\ ImplicaWionV,´ Oxford Review of Economic Policy 19, no. 3 

(September 1, 2003): 363, https://doi.org/10.1093/oxrep/19.3.362. 
2 William D. NoUdhaXV, ³EVWimaWeV of Whe Social CoVW of CaUbon: ConcepWV and ReVXlWV fUom Whe DICE-2013R 

Model and AlWeUnaWiYe AppUoacheV,´ Journal of the Association of Environmental and Resource 
Economists 1, no. 1/2 (March 2014): 273, https://doi.org/10.1086/676035. 



3 | P a g e  
 

HoZeYeU, aV PeaUce ZUiWeV, iW iV ³UaUel\ ]eUo [«] becaXVe UedXcing pollXWion iV noW coVWleVV. IW 
makes sense to reduce pollution so long as the benefit of doing so exceeds the costs. But as soon 
aV a fXUWheU incUemenWal (µmaUginal¶) UedXcWion in pollXWion incXUV gUeaWeU coVWV Whan benefiWV, WhaW 
iV Whe Wime Wo declaUe Whe polic\ meaVXUeV opWimal and noW go an\ fXUWheU.´3 With enough money, 
one could bring the emissions of virtually any project to zero or close to it, but if we invested all 
our resources into a single project we would not have any left over for future projects. 

Environmental degradation leads to increased scarcity of primary natural resources, which in turn 
leads to a general increase in the cost of goods, which results in an average decrease in Gross 
World Product (GWP), affecting everyone on Earth to some extent, especially those who are 
poorest and least tolerant of economic loss. This is the point where we incur a SCC. 

We can divide SCC contributors into two types²greenhouse gases and smog-forming 
emissions²and two main categories: normal and catastrophic. In the first category, Nordhaus 
identifies average surface temperature as being the key indicator of social cost, because such 
WempeUaWXUe incUeaVeV caXVe eYenWV VXch aV ³pUecipiWaWion, ZaWeU leYelV, e[WUemeV of dUoXghW oU 
fUee]eV, and WhUeVholdV like Whe fUee]ing poinW oU Whe leYel of dikeV and leYeeV.´4 He divides these 
impacts into four general areas for the purposes of developing a SCC estimation model: 

 agriculture: a general decline in agricultural production results from increased 
temperatures, thus increasing the cost of agricultural goods, 

 energy: the cost of producing energy rises, and the demand for energy rises, leading to 
increased prices, 

 sea-level rise: threatens the productivity of any industry which takes place near a coast, 
and requires expenditures on maintaining and repairing infrastructure affected by 
coastal erosion, and 

 other: inclXdeV VecWoUV VXch aV ³manXfacWXUing, VeUYiceV, mining, eWc.´ and nonmaUkeW 
aUeaV VXch aV ³ecoV\VWem effecWV, gaUdening, ameniWieV, eWc.´ Zhich aUe alVo belieYed 
to be hampered by increasing surface temperatures.5 

 
The second category, that of catastrophic events related to climate change, is described by Martin 
L. WeiW]man of HaUYaUd UniYeUViW\ aV ³Whe pUobabiliW\ of a diVaVWUoXV collapVe of planeWaU\ 
ZelfaUe iV nonnegligible, eYen if WhiV Win\ pUobabiliW\ iV noW objecWiYel\ knoZable,´ and he 
attemptV Wo eVWabliVh a model foU aVVeVVing ³high-impact, low-pUobabiliW\ caWaVWUopheV.´6 
 

                                                 
3 Pearce, ³The Social CoVW of CaUbon and IWV Polic\ ImplicaWionV,´ 363. 
4 William D. Nordhaus, Managing the Global Commons: The Economics of Climate Change (Cambridge, Mass: 

MIT Press, 1994), 50. 
5 Nordhaus, 52±53. 
6 MaUWin L WeiW]man, ³On Modeling and InWeUpUeWing Whe EconomicV of CaWaVWUophic ClimaWe Change,´ Review of 

Economics and Statistics 91, no. 1 (February 2009): 1, https://doi.org/10.1162/rest.91.1.1. 
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While many of these risks seem like they would primarily affect rural areas, as Harriet Bulkeley 
of Durham University has pointed out, cities face a special set of challenges related to climate 
change. ³ClimaWe change,´ Vhe ZUiWeV, ³Zill add VWUeVV Wo XUban aUeaV WhaW aUe alUead\ XndeU 
pressure from the effects of, for example, population growth, ill health, urban expansion, 
inadequate services, decaying infrastructure or peUViVWenW poYeUW\.´7 She specifies some of these 
climate change-UelaWed UiVkV inclXde ³Vea-level rise, increased incidence of severe weather, 
changes in rainfall patterns leading to periods of flooding and drought, and increased temperatures 
and temperature e[WUemeV.´ She alVo menWionV ³e[WUeme eYenWV (e.g. Zind-storms, floods, heat 
e[WUemeV and dUoXghWV),´ ³healWh,´ and ³eneUg\ XVe.´8 

Of particular importance to the City of Toronto would be the categories of extreme events, health, 
energy use, and water availability. Bulkeley gives some examples of direct and indirect impacts 
on cities in various climate change scenarios (see table 1). 

In summary, then, the SCC is an important metric for understanding the economic impact of 
climate change, and although it is difficult to accurately predict, it is ultimately a real cost that 
everyone will eventually have to pay for, and the cost to cities like Toronto will be significant. 

Carbon Pricing and Shadow Pricing 

Carbon pricing and shadow pricing are, essentially, a practical extension of the SCC, used to 
account for a projected SCC in planning decisions. The two terms appear to be used virtually 
interchangeably in the literature, and in this paper, unless otherwise specified, the two terms are 
used synonymously. However, we will briefly discuss the distinction between these terms.  

According to the New Palgrave Dictionary of Economics, we can generally think of there being 
two types of prices: market prices and shadow prices. A market price is what a business or 
governmenW ZoXld W\picall\ XVe ³foU coVWing inpXWV and foU YalXing ValeV,´ and WheVe aUe haUd dollaU 
YalXeV Zhich aUe VeW b\ a maUkeW. ShadoZ pUiceV, on Whe oWheU hand, aUe pUiceV Zhich ³UeflecW Vocial 
costs and social benefits, in order to calculate what might be WeUmed Vocial pUofiW.´ TheVe YaU\ 
³depend[ing] on Whe goYeUnmenW¶V objecWiYe fXncWion and on Whe conVWUainWV iW faceV´ and ³VhoXld 
be such that the social profit from the project is positive if and only if the project increases the 
value of the governmenW¶V objecWiYe fXncWion.´9 The author notes that one benefit of shadow 
pUicing iV WhaW ³local pUojecW eYalXaWoUV aUe beWWeU eqXipped Wo anal\Ve Whe ph\Vical conVeqXenceV 
of a project, and this localized knowledge should be used in conjunction with centrally determined 
VhadoZ pUiceV Wo eYalXaWe Whe Vocial pUofiWabiliW\ of pUojecWV.´10 

                                                 
7 Harriet Bulkeley, Cities and Climate Change, Routledge Critical Introductions to Urbanism and the City (London: 

Routledge, 2013), 18. 
8 Bulkeley, 20. 
9 RaYi KanbXU, ³ShadoZ PUicing,´ in The New Palgrave Dictionary of Economics, ed. Palgrave Macmillan (London: 

Palgrave Macmillan UK, 2008), 1, https://doi.org/10.1057/978-1-349-95121-5_1314-2. 
10 Kanbur, 2. 
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We could also think of shadow pricing as allowing us to consider externalities. One particular 
externality, or shadow price, is the SCC. Thus, we can say that carbon pricing is shadow pricing, 
as used when accounting for the SCC in planning decisions. The basic idea behind carbon pricing, 
is to add a value that represents the SCC to a planning document whenever one studies the 
feasibility of a government project. This can be used in two ways: either (a) when deciding between 
alternative new constructions or purchases, to demonstrate that an option that may initially appear 
cheaper, is actually more expensive due to the SCC; or (b) when deciding whether or not to invest 
in a retrofit or reconstruction which would result in reduced carbon emissions, to determine 
whether or not the total social cost of the carbon being reduced, outweighs the upfront cost of the 
project. 

To illustrate the first case, let us take the example of a new vehicle fleet purchase. Let us say that 
there are two vehicles under considering: the diesel vehicle would cost $x and the electric vehicle 
would cost $[ƍ. Let the estimated price of carbon be $y per tonne. The projected total carbon 
emissions of the diesel vehicle are z and for the EV are zero. In this case, we would choose the EV 
over the diesel if and only if, 𝑧ሺ$𝑦ሻ ≥ $𝑥′ − $𝑥. In other words, if the cost of the carbon emitted 
by the diesel vehicle is greater than or equal to the difference between the purchase prices of the 
two options. 

In the second case, we could think of the example of retrofitting a building to be more energy 
efficient. In this case, instead of choosing between two possible purchases, we are choosing 
between undertaking a project or not undertaking it, so we are only comparing the cost of the 
project itself against the projected carbon emissions savings that would result from it. Let us say 
that $x is the cost of the project, $y the carbon price, and ]ƍ the estimated reduction in carbon 
emissions that would result from undertaking the retrofit. In this instance, we could say that the 
project will be undertaken, if and only if 𝑧′ሺ$𝑦ሻ ≥ $𝑥. In other words, if the cost associated with 
the reduction in carbon emissions is greater than or equal to the cost of the project. 

In the case of Toronto specifically, budgeting standards require that a project of the nature 
described in this paper, would need to be paid for within twenty years. This does not change the 
basic equations listed above, but sets a certain limit around the carbon price calculation. Rather 
than looking at carbon emissions over the entire life of the vehicle, infrastructure, or property, we 
would look at the projected costs and emissions over a period of twenty years. 

Carbon tax 

We must briefly address the term carbon tax, only to clarify that a carbon price is not a carbon tax. 
A carbon tax would be an additional fee charged to carbon emitters within the jurisdiction of a 
body with taxation authority, such as a province or country. Carbon pricing, however, is an internal 
accounting practice, which helps determine the allocation of an existing budget. 
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Models for Determining the Social Cost of Carbon 

Several models (also known as integrated assessment models (IAMs)) have emerged in the 
literature for calculating the shadow price, based on the damages component of the SCC. Three of 
the most prominent are the Policy Analysis of the Greenhouse Effect (PAGE) model, the Climate 
Framework for Uncertainty, Negotiation, and Distribution (FUND) model, and the Dynamic 
Integrated Climate and Economy (DICE) model.  

The PAGE model is characterized by dividing damages into three categories²³economic, 
noneconomic, and caWaVWUophic´²and calculating them as a fraction of GDP.11 The FUND model 
iV noWed foU calcXlaWing damageV ³VepaUaWel\ foU eighW diffeUenW maUkeW and nonmaUkeW VecWoUV: 
agriculture, forestry, water, energy, sea level rise, ecosystems, human health, and extreme 
ZeaWheU.´12 The DICE model is used to esWimaWe Whe effecW of climaWe change on ³conVXmpWion and 
inYeVWmenW,´ and ³changeV in pUodXcWion of maUkeW and nonmaUkeW goodV and VeUYiceV.´ IW 
³inclXdeV Whe e[pecWed YalXe of damageV ZiWh loZ-probability, high-impacW µcaWaVWUophic¶ climaWe 
change.´13 

All three of these models may have a certain utility, but for the purposes of this paper we will rely 
on the DICE model. These models are open source and theoretically available for anyone to use, 
but they would require the skills of an economist to properly utilize. The DICE model is 
advantageous, since the results of that model have been published much more recently than the 
other two, giving us the most up-to-date estimates possible. 

Calculating the Social Cost of Carbon 

The SCC, by its nature, is difficult to calculate precisely. The literature gives prices as ranges, 
based on the level of acceptable risk. On the lower end of the risk scale, we are looking at costs 
which are high probability-low impact. On the high end of the risk scale, we are looking at costs 
which are low probability-high impact. An example of a high probability-low impact risk could be 
something which is almost guaranteed, such as the continued rise in average surface temperature 
of the Earth, which directly results in increased energy costs. An example of a low probability-
high impact event would be an extreme weather event brought on by climate change which results 
in massive injuries and infrastructure damage. The estimate can also vary depending on the 
likelihood of carbon-limiting actions being taken, since as more carbon is emitted, the cost per 
tonne increases. Roughly speaking the DICE model proposes a carbon price of anywhere between 
US$36 and US$134 (CA$45-$168), rising to US$91-$334 (CA$114-$420) by the year 2050.14 

                                                 
11 M. GUeenVWone, E. KopiWV, and A. WolYeUWon, ³DeYeloping a Social CoVW of CaUbon foU US RegXlaWoU\ Anal\ViV: 

A MeWhodolog\ and InWeUpUeWaWion,´ Review of Environmental Economics and Policy 7, no. 1 (January 1, 
2013): 25±26, https://doi.org/10.1093/reep/res015. 

12 Greenstone, Kopits, and Wolverton, 26. 
13 Greenstone, Kopits, and Wolverton, 26. 
14 William D. NoUdhaXV, ³DICE-2016R Model,´ OcWobeU 9, 2017, 

https://sites.google.com/site/williamdnordhaus/dice-rice. 



7 | P a g e  
 

Methodologies  
 
The meWhodologieV Wo deWeUmine Whe leYel of appUopUiaWe caUbon pUicing foU Whe CiW\ of ToUonWo¶V 
projects are mainly consisted of three components, namely literature reviews, jurisdictional scans 
and project example analysis. 

Firstly, literature reviews were conducted to help determine how to price carbon. This included 
doing multiple academic reviews, as there are numerous literatures on SCC and marginal 
abatement cost (MAC) of carbon, and we wanted to draw information from these literatures to 
reflect on our analysis. Government reports were also extremely important in determining 
appropriate method and level of shadow pricing, particularly the Environment and Climate Change 
Canada (ECCC)¶V Social CoVW of CaUbon (SCC) model.  

Second, we have conducted jurisdictional scans to determine standard practices, and the 
appropriate level of carbon price for City of Toronto. We have strived to look mainly into the 
public sector examples, as well as some private sector examples to see how City of Toronto can 
best determine the appropriate level of Carbon Pricing for its projects and initiatives.  
 
For the analysis, we have looked at the carbon pricing policies in the jurisdictions of:   

1) MeWUo VancoXYeU Regional DiVWUicW (MVRD)¶V Carbon Price Policy for Metro  
Vancouver Projects and Initiatives 

2) NeZ YoUk CiW\ (NYC)¶V Social CoVW of CaUbon foU GeoWheUmal S\VWemV  
3) Canadian Corporate Practices (CDP), CN railways in particular.  

(Practice for CN railways was selected because of its well-established carbon pricing 
policy and perceived relevance with the public sector)  

And finally, we have conducted project example analysis to observe the impact of shadow price. 
We haYe XWili]ed Whe e[iVWing financial model XVed b\ Whe CiW\ of ToUonWo¶V EnYiUonmenW and 
EneUg\ DiYiVion (EED)¶V engineering team to observe the impact of the proposed level of shadow 
pricing. To realize this, we probed into the case of Geothermal installation on Waterfront 
Neighbourhood Centre Project. City of Toronto has previously conducted a feasibility study on 
Geothermal retrofit on this facility, and the modified the financial model included carbon savings 
realized with the inclusion of carbon pricing to see how much financial impact the implementation 
of carbon price brings to the project and whether the inclusion of carbon price could actually make 
differences in decision making.  

We will discuss the findings from the different components of the methodologies in details in the 
following sections. 
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Table 1. ECCC¶s SCC Estimates for 2010 – 2050 (Updated) 

EnYiURnmenW and ClimaWe Change Canada (ECCC)¶V aVVeVVmenW Rf SRcial Cost of Carbon (SCC)  

Next, Ze Zill look aW Whe ECCC¶V aVVeVVmenW of SCC aV iW pUoYideV YalXable gXidance Wo VeW Whe 
CiW\¶V caUbon pUicing leYel, and iW iV alVo impoUWanW Wo align CiW\ of ToUonWo¶V caUbon pUicing 
initiative with a federal framework.  

In 2010 and 2011, ECCC led an interdepartmental review of approaches to value GHG emissions, 
from which the adoption of SCC values was recommended 16 . SCC values presented in the 
publication were based on research and analysis conducted by U.S Interagency Working Group on 
Social Cost of Carbon 201017. ECCC bases its SCC estimates on the U.S Interagency Working 
GUoXp¶V UeVeaUch, aV Whe\ adopW inWeUnaWionall\ accepWed meWhodolog\ to estimate the level of 
SCCs. SCC estimates are significant, as they can help value CO2 emission changes in cost-benefit 
analysis where the goal is to provide informed analysis to the decision makers, through which the 
incremental climate change mitigation benefits associated with a policy action can be quantified18. 

In May 2013, U.S Interagency Working Group has 
released the technical update documents with new 
SCC estimates, to reflect the changes in the 
Integrated Assessment Models (IAMs) over the past 
years. For example, Dynamic Integrated Climate-
Economy (DICE) model was modified to better 
reflect actual sea-level variation, Climate 
Framework for Uncertainty, Negotiation and 
Distribution (FUND) model included more detail in 
land loss potential from sea-level rise and Policy 
Analysis of the Greenhouse Effect (PAGE) model 
included damage functions constrained by GDP, 
which made the SCC estimates more realistic.19 

In 2016, following the update on U.S estimate and 
the technical corrections, Following the update on 
U.S estimate and the technical corrections.20 In its 
estimate, ECCC laid out the estimates of SCC over 
the course of 40 years, from 2010 to 2050. The 
projected increases in SCC ranges from $34.1 (2010) 

                                                 
16 Environment and Climate Change Canada, ³Technical Update to Environment and Climate Change Canada's 

Social Cost of Greenhouse Gas Estimates´, MaUch 2016, 3, 
http://ec.gc.ca/cc/default.asp?lang=En&n=BE705779-1#SCC-Sec1  

17 Ibid. 
18 Ibid.  
19 Environment and Climate Change Canada, ³Technical Update to Environment and Climate Change Canada's 

Social Cost of Greenhouse Gas Estimates´, MaUch 2016, 4, 
http://ec.gc.ca/cc/default.asp?lang=En&n=BE705779-1#SCC-Sec1 

20 Ibid, 6. 
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to $74.8 (2050) for the central estimate (lower bound, average central tendency estimate of the 
three models ± DICE, PAGE, FUND - considered in U.S. SCC estimation), and from $131.5 (2010) 
to $319.8 (2050) for 95th percentile (upper-bound, high-cost, low-probability climate change 
impacts) For the year of 2020 (which includes the current year 2018), the central estimate is $45.1, 
and 95th percentile is $190.7. Detailed breakdown of the SCC estimates from 2010 ± 2050 is 
demonstrated in the figure 1. 

The aforementioned ranges of federal SCC estimates will be considered in determining the 
appUopUiaWe leYel of CiW\ of ToUonWo¶V caUbon pUicing foU the further analysis. 

Jurisdictional Scan  

Case: 1. Metro Vancouver Regional District (MVRD) 

First case for the jurisdictional scan is Metro Vancouver Regional District Board (MVRD)¶V 
³CaUbon PUice Polic\ foU MeWUo VancoXYeU PUojecWV and IniWiaWiYeV´ 22 . MVRD¶V e[ample is 
extremely important in deVigning CiW\ of ToUonWo¶V inWeUnal caUbon pUicing polic\, because not 
only it is one of the few public-sector examples, but also MVRD is one of the pioneering Canadian 
municipalities that began incorporating carbon pricing into its decision making, and therefore is 
relevant in the Canadian Context. 

MVRD had first planned on adopting mechanisms to capture carbon savings/costs into its decision 
making in as early as 2010, as stipulated in its 2010 Corporate Climate Action plan.23 Nonetheless, 
there were not enough understanding and incentives at the time, and thus, this initiative did not 
materialize. The discussion for the policy re-gained momentum in 2016, with the ratification of 
Paris Agreement and the subsequent establishment of climate goals for Canadian provinces and 
municipalities. For Metro Vancouver, the goal is to achieve 80% of GHG reductions by 2050 
(compared to 2010 level)24. Internal carbon price policy was approved by the MVRD board on 
June 2017 as a strategic tool to help MVRD achieve its climate goal25.  

MVRD has decided on $150/tonne CO2e as the upper limit for the internal carbon price that it 
would be willing to pay as a shadow price to account for the cost of GHG emissions26. This 
$150/Wonne CO2e ZoXld inclXde B.C.¶V alUead\ e[iVWing CaUbon Ta[ of $30, Zhich denoWeV WhaW 
up to $120/tonne CO2e of incremental Metro Vancouver Carbon Price will be levied for Life Cycle 
                                                 
22 Metro Vancouver Regional District, Board Meeting Agenda  June 23, 2017, 13, 

http://www.metrovancouver.org/boards/GVRD/RD_2017-Jun-23_AGE-Revised.pdf  
23 Metro Vancouver, Corporate Climate Action Plan, June 16, 2010, 16,  

http://www.metrovancouver.org/services/air-
quality/AirQualityPublications/CorporateClimateActionPlan.pdf  

24 Metro Vancouver Regional District, Board Meeting Agenda  June 23, 2017, 25, 
http://www.metrovancouver.org/boards/GVRD/RD_2017-Jun-23_AGE-Revised.pdf  

25 Metro Vancouver, Metro Vancouver Update." July 2017. http://www.metrovancouver.org/metroupdate/issue-
34/493/Internal Carbon Price Policy to reduce corporate emissions  

26 Metro Vancouver Regional District, Board Meeting Agenda  June 23, 2017, 20, 
http://www.metrovancouver.org/boards/GVRD/RD_2017-Jun-23_AGE-Revised.pdf 
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Costs Analysis for the City-owned projects27. This incremental $120/tonne CO2e is to be the 
maximum amount of price the MVRD can add for its decision-making purposes, which indicates 
that most of its design and procurement decisions will involve lower figures. The details of how 
much carbon price will be added on for the alternatives that involve lower GHG emissions are not 
decided yet, and MVRD is still in the process of determining the suitable level of carbon price for 
such alternatives.  

Aside from the regular board meeting agendas that discussed the approval of internal carbon 
pricing policy, it was difficult to uncover what kind of impacts this policy brought in MVRD 
decision making process, and what has been the overall experience like for MVRD over the last 
couple of months? We were fortunate to have a conference call with Mr. Conor Reynolds, the 
Program Manager for Air Quality and Climate Change Policy. He helped us to better understand 
the process of policy implementation and provided insights on the questions we previously had.  

The major findings from the conference call are as follows.  

1) Spillover effect  

As MVRD instituted the $150/tonne carbon pricing, this created tangible spillover effects. Other 
member cities in MVRD have also began to consider carbon pricing. For example, City of New 
Westminster conducted a feasibility study to implement internal carbon pricing policy and is 
currently looking at the similar level ($150) of carbon price as MVRD28. City of Vancouver is 
looking to institute more ambitious target of $200/tonne29.  So far, there are two municipalities in 
B.C that have explicitly expressed intention to use their own version of internal carbon price policy, 
but more municipalities are expected to be onboard once the practice is established and the track 
records are generated to communicate benefits of carbon price policy.  

2) Feasibility studies / Application 

Since the implementation of internal carbon price policy, MVRD has included this figure in 
numerous feasibility studies or analyses. In this section, two distinct examples will be shared. One 
example is when the inclusion of internal carbon price made significant impact to change the 
decision; the other is when the inclusion of internal carbon price did not have much impact, and 
the final decision did not change.  

YES: Major rebuild of liquid wastewater facility 

MVRD was looking to rebuild a liquid wastewater facility, and Metro Vancouver hired consultants 
to conduct analysis and give recommendations. The project manager provided carbon price to the 
                                                 
27 Ibid. 
28 City of New Westminster, ‘Updated Corporate Energy and Emissions Reduction Strategy ± Proposed Vision, 

GoalV and EYalXaWion CUiWeUia¶, March 5, 2018, 65. 
http://newwestcity.ca.granicus.com/DocumentViewer.php?file=newwestcity_e50e217250e3dba99abd1a34
e17e7616.pdf&view=1 

29 City of Vancouver, Corporate Carbon Pricing Policy: Discussion Paper, March 2018, 5. 
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consultants to be considered, and it was included in the life-cycle and cost-benefit analysis. The 
consultants have found that the inclusion of the carbon price into the analysis would make 
significant impact on the final decision, and low-carbon option should be considered for rebuilding 
the liquid wastewater facility30. We were not able to verify the details outlining the different 
options and the actual progress of this project. 

NO: Building a second intake to water reservoir in Coquitlam Lake  

MVRD was looking to build a second intake to water reservoir in Coquitlam Lake. They were 
contemplating on where and how to build this intake and were exploring different options. The 
engineering team included carbon price in the valuation and analysis and found that the emissions 
from the construction would be similar, regardless of the which option they pursued, and in this 
scenario, the inclusion of carbon price did not have significant impact on decision, and the final 
decision did not change31.    

An interesting point raised during the discussion was that among the cases that MV encountered 
after putting the internal carbon price policy into place, 90%~95% of the time, the final decision 
would not change because the NPV of the project after considering the long-term benefits from 
implementing the carbon price was not great enough to justify the more costly, low-carbon 
option.  However, for the remaining 5% or 10% of the time, decision may change if the NPV of 
the after considering the long-term benefits derived from using carbon price were comparable 
with the conventional options, while realizing significant reduction in carbon emission32.  
   
Then WheUe iV a qXeVWion of µZhaW is the significance of internal carbon price if the decisions stand 
more or less Whe Vame moVW of Whe Wime, eYen ZiWh Whe inclXVion of WhiV nXmbeU?¶. In MVRD¶V 
case, it was still important to use carbon price, as a tool to communicate decisions in a 
transparent manner, as well as to provide sound rationale for the decisions made.  

Case: 2. New York City (NYC) - Social Cost of Carbon (SCC) for Geothermal Systems 

Another noteworthy case for gaining inVighWV in deVigning CiW\ of ToUonWo¶V CaUbon PUicing foU 
the projects and initiatives would be Whe NeZ YoUk CiW\¶V SCC foU geoWheUmal V\VWems model. In 
JanXaU\ 2015, a bill foU Whe µA Local LaZ Wo amend Whe adminiVWUaWiYe code of Whe City of New 
YoUk, in UelaWion Wo geoWheUmal V\VWemV¶ ZaV fiUVW inWUodXced aV Whe paUW of legiVlaWion Wo pUomoWe 
the use of geothermal systems in the city-owned facilities throughout the city, which is an energy-
efficient form of cooling and heating buildings compared to the conventional system33.  

                                                 
30 Conor, Reynolds (Program Manager for Air Quality and Climate Change Policy, MVRD), interviewed by Jeremy 

Andrews and Edward Kim, March 27, 2018, Vancouver, B.C.   
31 Conor, Reynolds (Program Manager for Air Quality and Climate Change Policy, MVRD), interviewed by Jeremy 

Andrews and Edward Kim, March 27, 2018, Vancouver, B.C.   
32 Ibid. 
33 The New York City Council, Int 0609-2015 -Legislation Details (With Text), July 2015, 1.  
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In Whe 2015 UepoUW µGeoWheUmal S\VWemV and WheiU ApplicaWion in NeZ YoUk CiW\¶. Whe Ma\oU¶V 
Office of Sustainability called on more buildings in New York to consider geothermal power, 
highlighting that geothermal systems can achieve significant overall energy savings of around 25% 
to 30% when compared to conventional options like furnaces and natural gas fueled boilers34. 
NYC¶V GeoWheUmal SCC eVWimaWeV haYe been implemented for the new construction of city-owned 
buildings and the retrofitting of city-oZned bXildingV¶ heaWing & cooling V\VWemV WhaW aUe 
commissioned after February 1, 201735. There are already a handful of city-managed facilities 
that uses geothermal heating and cooling system, including the Queens Botanical Garden, 
Whe BURRkO\Q ChiOdUeQ¶V Museum and the Lion House at the Bronx Zoo36. 

FUom Whe NYC¶V caVe of geoWheUmal VWXdieV, numerous takeaways for the City of Toronto can be 
foXnd in Whe CiW\ coXncil¶V UepoUW. Some of Whe main findingV from the report are:  

x If portions of the existing heating and cooling system (i.e. space heating equipment, 
dXcWZoUk «) coXld be XWili]ed in Whe GUoXnd HeaW PXmp (GHP), Whe capiWal cost necessary 
for the geothermal retrofit is expected to be lower37 

x When assessing the feasibility of the project, the initial capital expenditures should be 
compaUed ZiWh Whe pUojecW¶V long-term energy savings potential as well as the associated 
operations and maintenance costs over time38. 

x Recently purchased equipment with relatively high efficiency is outside the scope of 
discussion. It is simply not economically sound to do so, and there are more potential for 
savings to be realized when the older, less-efficient equipment with approximately 10 -20 
years old are replaced39.  

The New York City council has determined progressively increasing SCCs for geothermal projects 
starting from 2017, and we have listed the numbers in the table 2 below, with the reference to 
Canadian dollars, according to the stipulated conversion rate.    

The social cost of carbon (SCC) values VWipXlaWed in Whe NYC CoXncil¶V LegiVlaWiYe docXmenW are:  

Year Dollar Value per 
Metric Ton of CO2 

Equivalent (in USD) 

Dollar Value per 
Metric Ton of CO2 

Equivalent (in CAD) 
2017 128 165 
2018 132 170 

                                                 
34 The City of New York, Geothermal Systems and their application in New York City, February 2015, 4, 

http://www.nyc.gov/html/planyc/downloads/pdf/publications/2015_Geothermal.pdf  
35 The New York City Council, Int 0609-2015 -Legislation Details (With Text), July 2015, 2.  
36 Otterman, Sharon. "The New, Green Pride of St. Patrick's Cathedral Is Underground." The New York Times. 

March 14, 2018. https://www.nytimes.com/2018/03/14/nyregion/st-patricks-cathedral-geothermal.html.  
37 The City of New York, Geothermal Systems and their application in New York City, February 2015, 4, 

http://www.nyc.gov/html/planyc/downloads/pdf/publications/2015_Geothermal.pdf 
38 Ibid. 
39 Ibid. 
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2019 136 175 
2020 140 180 
2021 142 183 

Table 2: NYC¶V SCC YaOXeV fRU GeRWheUPaO S\VWePV40 
*Converted using XE Converter, exchange rate on April 3, 2018. All figures are rounded off  

 

Along with the ECCC¶V SCC eVWimaWe and Whe MVRD¶V inWeUnal caUbon pUice, NYC¶V SCC foU 
geothermal systems will also be taken into consideration in determining the internal carbon price 
for City of Toronto. 

Case: 3. Canadian National Railway Company (CN) 

We decided to take CN as a case study, in order to gain a better understanding of private sector 
practices with regards to carbon pricing. The company has released a Carbon Disclosure Project 
(CDP) report for the last few years now. In 2016 they reported not having any internal carbon 
pricing program,41 and in 2017 they reported using one for the first time, giving a range of $16-
$30 per tonne.42 The same figure, converted to US dollars, is noted in the official CDP report.43 

AccoUding Wo Whe moVW UecenW UepoUW, Whe compan\¶V ³SXppl\ ManagemenW DepaUWmenW´ XVeV an 
inWeUnal caUbon pUice ³Wo infoUm fXel-related procurement decisions, by [their] sales and marketing 
department to price transportation and logistics services for the customer, and by [their] taxation 
department to comply ZiWh caUbon Wa[ pa\menWV.´44 The\ alVo UepoUW WhaW WhiV ³Zill be XVed Wo dUiYe 
investment decisions into fuel-efficienc\ and alWeUnaWiYe cleaneU eneUg\ VolXWionV,´ inclXding a 
deciVion Wo inYeVW $550 million in ³eqXipmenW e[pendiWXUeV, inclXding 90 neZ high horsepower 
locomoWiYeV´ and $5 million ³in an EcoFXnd Wo VXppoUW and engage emplo\eeV on eneUg\ UedXcWion 
pUojecWV WhUoXgh Whe EcoConne[ionV pUogUam.´45 

Ultimately CN is a poor example to follow due to the difference in how internal carbon pricing is 
applied in pUiYaWe coUpoUaWionV, YeUVXV hoZ caUbon pUicing iV XVed b\ goYeUnmenWV. FUom CN¶V 
documents, it is clear that their primary concern is mitigating business risks that are caused by 
climate change. There is nothing wrong with this practice, since for them, they are considering the 
risk of how, for example, higher surface temperatures may reduce their agricultural customer base. 
However, the risks to a company versus the risks to a government responsible for a territory and 
permanent population are vastly different. 

                                                 
40 The New York City Council, Int 0609-2015 -Legislation Details, July 2015, 3. 
41 CN - Canadian NaWional RailZa\ Compan\, ³CaUbon DiVcloVXUe PUojecW 2016,´ 2016, 7, hWWpV://ZZZ.cn.ca/-

/media/Files/Delivering-Responsibly/Environment/CDProject-2016-en.pdf. 
42 Ibid. 
43 CDP, ³PXWWing a PUice on CaUbon: InWegUaWing ClimaWe RiVk inWo BXVineVV Planning,´ OcWobeU 2017, 

https://b8f65cb373b1b7b15feb-
c70d8ead6ced550b4d987d7c03fcdd1d.ssl.cf3.rackcdn.com/cms/reports/documents/000/002/738/original/P
utting-a-price-on-carbon-CDP-Report-2017.pdf?1507739326. 

44 CN - Canadian NaWional RailZa\ Compan\, ³CaUbon DiVcloVXUe PUojecW 2017,´ 7. 
45 CN - Canadian National Railway Company, 7. 
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CN¶V pUice iV on Whe loZ end of Whe UiVk Vcale pUoYided b\ modelling, in conWUaVW Wo goYeUnmenWV 
which are typically on the higher end. We suggest therefore that it would be more prudent to follow 
the example of governments, considering the risk factors involved are more comparable. 

Waterfront Community Centre Geothermal Project Feasibility Study  

In this section, before we look at a case for which City of Toronto has already conducted a 
feasibility study and observe the impacts of different levels of shadow price on cost savings, debt 
payback period and Net Present Value (NPV), we would like to discuss the scope and the objective 
of this project, and how the savings will be calculated.  

Waterfront Neighbourhood Centre Project, previously named as Harbourfront Community Centre, 
is a non-profit, city-oZned faciliW\ WhaW hoXVeV g\mnaViXm, kid¶V pla\gUoXnd, commeUcial kiWchen 
and outdoor basketball court 46 . City of Toronto conducted feasibility study on this site, to 
determine whether doing geothermal heating and cooling system would make financial sense.  

For this analysis, we utilized the existing financial anal\ViV model XVed b\ CiW\ of ToUonWo¶V 
engineering team for the purpose of feasibility study, which was modified to include the shadow 
price.  The purpose of Lake Based Ground Source Heat Pump (GSHP) project is to realize positive 
NPV within the project lifetime of 20 years (which is also the recoverable debt period)47  

Currently, the Lake Based GSHP project only makes financial sense if Air-Handling Unit (AHU) 
schedule revision is completed simultaneously. We want to see whether doing Lake Based GSHP 
standalone could make sense without revising the AHU schedule.  

GHG Reduction  % Reduction Tonnes Tonnes Saved 
Current Building   209 0 
Revised AHU schedules  27%  152.57  56.43 
Geo on current building  66%  71.06  137.94 
Geo & revised  
AHU Schedules  70%  62.7  146.3 

 
Table 3. Projected GHG reductions for Waterfront Neighbourhood Centre GSHP Project48 

 

This is because as shown in the table 3, GSHP when done on its own, can realize the most amount 
of GHG reduction, and doing revisions for AHU schedules does not add much marginal benefit in 
terms of reducing CO2 emission.  

 

                                                 
46 Waterfront Neighbourhood CenWUe, µAboXW¶,  http://waterfrontnc.ca/about/  
47 City of Toronto, Financial Analysis, TREO Business Case - Waterfront, EED, March 18, 2018 
48 City of Toronto, Assumptions, TREO Business Case - Waterfront, EED, March 18, 2018 



15 | P a g e  
 

 REVISED AHU SCHEDULE Option 1 -  
Lake Based GSHP 

COSTS Cost of Upgrade  $     - Cost of  
Upgrade $ 750,000 

Revenue/Savings 
/Cost Avoidance 

Electricity savings 
($/Year) $ 11,415 Electricity 

savings ($/Year) $ 7,348 

 Gas savings 
($/Year) $ 7,543 Gas savings 

($/Year) $ 13,794 

 -  Water savings 
($/Year) $ 1,121 

 

The main idea here is to include amount of carbon savings calculated by: 

  
Carbon Savings =  

  

 

and then put that number into the carbon savings tab 
(Figure 1, Left) in order to calculate NPV and debt 
payback (Figure 1, Right) in the financial analysis model.  

Using this model, we will move on to observe the impact 
of shadow pricing for the Waterfront Neighbourhood 
Centre GSHP Project. 

 
Figure 1. Snapshots from the Financial model49  
 

 

 

 

 

                                                 
49 City of Toronto, Financial Analysis, TREO Business Case -Waterfront, Environment and Energy Division, March 18, 
2018 

 Table 4. Projected Cost savings for GSHP and AHU option 

 

* If VaYingV fUom µUeYiVed AHU VchedXle¶ aUe noW inclXded, Whe geo V\VWem ZoXld noW meeW Whe UeqXiUed pa\back 

Carbon Savings 
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Impact of Shadow Pricing (Waterfront Neighbourhood Centre Project) 

In order to demonstrate the effect of applying a shadow price to a city project, we have used the 
WNC project as an example. We have applied a range of different carbon prices to illustrate how 
a shadow price affects the net present value and payback period of the project. Table 5 shows the 
results assuming a project which combines both the geothermal retrofit and the air handling unit 
revision, while Table 6 shows the results if only the geothermal retrofit were to be undertaken. 
 
Table 5: Geothermal + Revised AHU 

Shadow Price (per tonne) $0 $24 $150 $170 $190 

NPV (in 1000s) $111 $160 $420 $461 $502 

Payback period (years) 17 16 12 11 11 

 
Table 6: Geothermal only 

 Shadow Price (per tonne) $0 $24 $150 $170 $190 

NPV (in 1000s) ($294) ($247) ($2) $36 $75 

Payback period (years) >20 >20 >20 19 18 

 

We include five different possible shadow prices, each representing a different scenario: 

 $0  ĺ  No shadow price (current practice) 
 $24  ĺ  Typical internal carbon price used by a private corporation 
 $150 ĺ Price being used by Metro Vancouver 
 $170 ĺ Price being used by New York City 
 $190 ĺ High percentile price recommended by the Canadian government 

  
In the tables above, any scenario that results in a payback period of over twenty years indicates a 
pUojecW WhaW ZoXld be conVideUed nonYiable accoUding Wo Whe CiW\¶V bXdgeWing VWandaUdV. The Ueal 
project under considering is the combined geothermal + AHU project, and this one is under 
considering precisely as it is considered viable. The table using geothermal only is a hypothetical 
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example, to illustrate why many projects might never be engaged due to their failure to meet these 
budgetary standards. Theoretically, any city-owned facility could be converted to using geothermal 
heating, but would not be considered as feasible, because the city has not been taking into account 
the full price of the project. In this example, with an estimated shadow price of $170/tonne, we 
can see that the project involving only the geothermal retrofit would be viable. 

Recommendations 

We recommend, firstly, establishing a shadow price of $170/tonne. This price would be in 
accordance with estimates from the academic literature, as well as being in line with the practices 
of other cities. Even if the shadow price only makes a different in a small number of projects, it is 
still worth doing, because the carbon price is a cost that the city will eventually have to bear, so 
taking it into account from the beginning should result in better-informed decisions regarding the 
feasibility of various projects and procurements. 

Secondly, we recommend involving key partners and stakeholders from the early stages of a 
project. The mindset of using a shadow price has to be something that is tackled jointly, so 
engaging groups such as the finance department, utility department, and engineering, could help 
to make the whole endeavour run more smoothly. 

Thirdly, we recommend increasing the shadow price on a regular basis. As noted earlier, the 
shadow price rises over time, both due to inflation and due to the fact that carbon in the atmosphere 
is cumulative, so the cost associated with each unit of carbon rises as more carbon emissions enter 
the atmosphere. Establishing a regular increment based on inflation and projected SCC increase 
would help keep the shadow price at a level which is realistically reflective of the true price. 

Lastly, we recommend reviewing the shadow price on a regular basis, about every 1-2 years. The 
UeVeaUch UegaUding Whe SCC and caUbon pUicing iV conVWanWl\ eYolYing, and iW¶V poVVible WhaW Whe 
DICE model and other models will have updated results in a year or two from now. 
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Appendix 1: Climate Risks and impacts for cities50 
 
Climate risks Examples of direct impacts in cities Examples of indirect impacts for cities 
Extreme events Damage to infrastructure systems, 

property, livelihoods and life from 
wind-storms, flood events, 
heatwaves and droughts 

Risks to economic production chains 
Risks to urban food supplies 

Health Physiological effects of heatwaves 
and cold 

Changes in incidence of vector-borne 
diseases 

Physical- and mental-health impacts 
of extreme events 

Risks to wider systems of health care 
and support 

Energy use Changes in winter and summer energy 
demand 

Increased use of air conditioning 
leading to brownouts 

Risks to hydro-power energy systems 
Increased loss of transmission as 

temperature increases reduce energy 
supply 

Water 
availability 

Reduced precipitation and 
groundwater recharging limits water 
availability 

Retreat of glaciers reduces urban 
water supplies 

Increased demand for water as 
temperatures increase 

Reduction in water quality as river 
flow decreases 

Risks to economic production chains 
Risks to urban food supplies 

 

                                                 
50 Excerpt from Harriet Bulkeley, Cities and Climate Change, Routledge Critical Introductions to Urbanism and the 

City (London: Routledge, 2013), 21. 


